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B E:IFX] ABRARANALRLETRRY AL LER, 2HRMALT R KR IAAT KRR
By K, BT SAIARE KRG AEBBELRG IR, [B 6] BAEHEFTH R XTI
REBARE EEEHY T O RTRIL, AL RERBERAGIEREAFRE. [FF]1 XA X
Bk RER Y, REKE LIRS IEALR, RIAEZ DNA, & A TaqMan #£4H% 6 K &
T & R A-B 4% X R AL (quantitative polymerase chain reaction, qPCR)4& | & /R i 4K (Bartonella spp.)-
%) 5 44 3% #2724k (Leptospira interrogans). Z & /% A& 7 M (Orientia tsutsugamushi). & X, & K4k
(Rickettsia mooseri). % A& 4\ i, & 7% 4k (Anaplasma phagocytophilum)f= + 3 3% 27 % #f # (Francisella
tularensis) 6 FF# Lag AL B E . KA 16S rRNA LB 648 A 5| /7 F# PCR ¥ 385, F A
[lumina ) 5 F= Nanopore | & 2t —F A0 M A, B B IF AR L LR AT & RIBARIR I B35, 1L
4 qPCR. 16S rRNA KA MG Ao BIEHReiL R, [4R] 2HREEHH 8 66 R, X, 5
F5 RH4E R (Apodemus uralensis) 31 R, & IR E 449 46.97%, 4 A48 K K (Rattus norvegicus).
K B.(Mus musculus) 3. qPCR ## JL &G R AL Bk B 2% & & A & RIB4K 31.80% (21/66). 19 5 44 3%
AR 1.50% (1/66). £ R AR F IR 1.50% (2/66). 3 K L F KK 3.00% (1/66)F= £ 359 81 B A7 #
13.60% (9/66), At ik o€ Aok mJo LA 4K, 16S rRNA 2 B Tllumina ) 5 5478 1 4% 69 23 A o
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A AT, ABRIEBIRA E; 16S rRNA 2 FH Nanopore M A 5478 i 4269 11 9 4F su )
BRER, I SHE LR ERRAASE. A 11 MELARS BB BEEREBIK, BREEH
16.67% (11/66). [4:6 1 #7823 [ #) R X 69°h B sh 4 T 4% F & REBKRF Z A B RE, B XEF
A ERIZ M XA KA S R 6 TA4E. qPCR. @@ 4 B35 F~. 16S rRNA K F M5 3 AR 7 & 7T
AAANA, EAEmMT MY eSS T B R E 9K,

KEBEIR: BEHIW; AERRE,;, L ERSEEXRM; 16S rRNA A FE N A ; Ilumina R 5 ;
Nanopore M| /&
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Abstract: [Background] Rodent-borne diseases are a class of zoonoses harmful to humans. The
epidemic areas of rodent-borne diseases keep expanding with the progress in globalization, and
a variety of new rodent-borne diseases emerge while the old infectious diseases reoccur.
[Objective] To investigate the prevalence of common rodent-borne pathogens in rodents in
Altay prefecture of Xinjiang, and to provide a scientific basis for the prevention and control of
local natural focus diseases. [Methods] The spleen and kidney tissue samples were collected
aseptically from the rodents captured by night trapping method, and the genome DNA was
extracted. Six common rodent-borne pathogens including Bartonella spp., Leptospira
interrogans, Orientia tsutsugamushi, Rickettsia mooseri, Anaplasma phagocytophilum, and
Francisella tularensis were detected by fluorescence quantitative polymerase chain reaction
(qPCR) with TagMan probe. Illumina sequencing and Nanopore sequencing after routine PCR
amplification with universal primers for the 16S rRNA gene were employed to further detect the
pathogens. Meanwhile, the spleen tissue was used for the isolation and culture of Bartonella in
vitro. The results of qPCR, 16S rRNA gene sequencing, and bacterial isolation and culture were
compared. [Results] A total of 66 rodents of 8 species were captured, of which 31 (46.97%)
rodents were Apodemus uralensis, and the rest were Rattus norvegicus, Mus musculus, etc. The
infection rates of common rodent-borne pathogens detected by qPCR were as follows: Bartonella
31.80% (21/66), L. interrogans 1.50% (1/66), O. tsutsugamushi 1.50% (2/66), R. mooseri 3.00%
(1/66), and F. tularensis 13.60% (9/66). A. phagocytophilum was not detected. The Illumina
sequencing of 16S rRNA gene detected pathogens (mainly Bartonella) in the 23 samples
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passing the quality control. The Nanopore sequencing of 16S rRNA gene detected Bartonella in
11 samples passing the quality control, and did not detect the other 5 common rodent-borne
pathogens. Bartonella was isolated from 11 spleen tissue samples, with the infection rate of
16.67% (11/66). [Conclusion] Rodents in the Altay prefecture of Xinjiang can carry a variety of
rodent-borne pathogens such as Bartonella. We should pay attention to and strengthen the
prevention and control of related infectious diseases in this region. Quantitative polymerase
chain reaction, bacterial isolation and culture, and 16S rRNA gene sequencing can complement
with each other to provide a comprehensive understanding of the local rodents carrying pathogens.

Keywords: rodent; rodent-borne pathogens; quantitative PCR; 16S rRNA gene sequencing;

[llumina sequencing; Nanopore sequencing

NI g (zoonoses) s T8 7E B HE S 1 5
Nz ARG . LR A s RS R . 3R
T aF b SOf R — 250 . RICHIRZ A
RERELYIRNE EMEREEA, NEILE
I HORE NS A8 3 R 2 B 2995 (rodent-borne
disease), & [E 3= 21 AL BN A B 25 G AE
M o AE A . R . I R S . B
HR AT H 25 8%, RAEBWRIR
TTXIEAW K, BT 280 & AL B 1)
KA A AR G i S K, n Tal 5 4 s B2 E 1R
(Leptospira interrogans) | i it £4) s B TE AR |
& 75 W 410 ify JCFE 14 (Anaplasma. phagocytophilum)
51 A Ak 20 I TCTE A . LK £ (Bartonella
spp.) 5| A2 WA s« 2 2O A< 5 1K (Orientia
tsutsugamushi) 51 A2 (1) & HUs . 5 K7 IR IR
(Rickettsia mooseri)s | 2 it 1y PEBESZ 1 F€ Fil +
37 38 B 74 17 & (Francisella tularensis)5 |2 i 1+
PrAGE XSG guig A R R s BE b, X AR
P M R AR S o R A v BB AR 22 M KA 4
Wb, W W50 1 i sh Wi+
JIr S0f% Y 7e 7 B B A fiaE

F: 17 55t Ab S DR i, b T
AR SEY IR FE o xR I B A8
K, FELS®P S EEE, FEhe—t—
DX, TREL RN A I T AN,

W, T R R B0 TR I TR T B T B 4
B P  S AE a <<fit BRE v [ 1R 4 T LA
T LSRR P, BT 2 b XA S A
SRR R 2, Wik sh i . . %
XAEF KX Z—, AIRMRANS, A
FECCE T 2R R0 & S 45 0 D A 2 A% e 25
MRS o X R 22 98 2 B 2 T L 3 T
e 2 5 v 5k 28 Tk R A 1 A T IR
i, WA 3 DR R, < —E
WA b B, NI N BLARE DT, W
1% s 1) 328 B A% % 0 8 S BRI T B IR A
HAT, B2 X R AL BUW A G T8 3 . 154k
A R NBEAT IR A A5 B 30, ATkt
Hby XA A A% B0 BT R B AT O

7 1 R AT X S (quantitative polymerase
chain reaction, qPCR) 3 [ B A& 5 e il 44 3=
S5k, A DUER KRR R B LA S0 i 1T
RN o 240 BT 18 2 B i % - M e A T R e 1 R
WIS W <R U™, B R AP BE I A 21 21
PTG, P REE P 168 rRNA JEK
o 38 S5 v R A D A 15 Sl A P A R
ANEFEE, 168 IRNA FEREAE R YR Y
FRERZIR P, Ol ERE THRRERT
MO YE RS, 0 R B LA R
SR, RIS X 5 P T PCR 4
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$h AR X i AR DX R I A R R R 2 )
A 5 2 BCEAT AR 1) BR300 TR VR
VXS, N TagMan £ 9 E 8 R
o R AN W TR N N N =S T S T
rRNA FEE 2 (F24E Hlumina ] 7 1 Nanopore
DU ) XoJ 3 e v Al 2 b [X G 5 51y 49 K JEL 8 Ay 4
TR A Y, ERER LA ¢ UL PR LR &
WM AT A B A I AR Ty, FEX A [RAG I
HEATPEAG A A
1 Me5 7
1.1 ##
SIS IER 4 DNA 2B H &, %
KR AR Al ; TruSeq® DNA PCR-Free

Sample Preparation Kit, Illumina INTl 16S 4%
%3R5 £ (16S Barcoding Kit SQK-RAB204),

Fz 1 N EKETA ST ERE F5
Table 1

Oxford Nanopore Technologies /A 7l ; it £ i)
£ (Qubit dsDNA HS Assay Kit), Invitrogen 2y
#]; LongAmp® Taq 2xMaster Mix Fl Phusion®
High-Fidelity PCR Master Mix with GC Buffer,
New England Biolabs /A H]; HR qPCR Master
Mix, HHEEEARVBHABRA R ok 0L
Mg, AReXEEYHEARARAF; 236950
[T R S B BE (tryptic soy agar, TSA)FI 237500
Jixi 0> 352 ¥ A ¥ (brain-heart infusion broth, BHI)
Bigrdk, BD 2] W BAF4EFI, Jbat—
WHEBERHY; IR GR Dl e R
A=A FR 2 w6

BRI, VU2 REFHARAR; %
€ 7 PCRAY, Bio-Rad/AH]; NovaSeq6000 il
JPAL, Tlumina A A5 49KFL MinlON 7%,
Oxford Nanopore Technologies Z\F]; NanoDrop-1000

Sequences of primers and TagMan probes used for pathogens detection

9o Ji A% S FERE 2 FR JE 9 RERE PR g
Pathogen Primer and TagMan probe name  Sequence and probe labeling (5'—3")
BT TR IR A Pr47F TGTTGATGGTGCAGGATTTGA
Rickettsia mooseri Pr110R CGAATTTGTAGCGACAGGAAGA
mo-T FAM-CAAACTGGCGCTGGTGT-MGB
W 7 5 241 A TC TR 14 wu-FP CCACGCAAGTCGCATTGAT
Anaplasma phagocytophilum  wu-RP GCCGGGTACTTTCGCAATT
wu-T FAM-CTTACAGGTGCTATCATC-MGB
R A T A 0t56 kD-F CGCCAGTRATMATTCCTCCRA
Orientia tsutsugamushi 0Ot56 kD-R TTTYWGCTAGTGCRATAGAATTRG
Taqman-Ot FAM-TAAGGACCACACTCTAATC-MGB
- 9 B R AKR-F GCAGGGCGAGCACCATT
Francisella tularensis AKR-R ATCTTGCATGGTCACCACTTGA
AKR-T FAM-CGATATTTGCCTGTTAGCACTCCT-BHQ
EL R 38 A ssrA-F GCTATGGTAATAAATGGACAATGAAATAA
Bartonella spp. ssrA-R GCTTCTGTTGCCAGGTG
ssTA-T FAM-ACCCCGCTTAAACCTGCGACG-BHQ!
(18] 5 44 iy WER i 4% Lepto F CCCGCGTCCGATTAG
Leptospira interrogans Lepto R TCCATTGTGGCCGR(A/G)ACAC
Lepto P FAM-CTCACCAAGGCGACGATCGGTAGC-BHQ
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B R IEL, Thermo 24 F]; Qubit4 FOLit,

Invitrogen /A ),

1.2 HmXE&E
2018 4F 6 H, TEHrsmItERB iz X, U
b Ry, FBE 7 7 M A B 43 ) vE PR g b

Tl 3 AN ECFARTE 7 1) 2 A, 385 AR A A
AT RAE . A3 R BT 28 T X400 (47.57°N,
87.84°E) I M- T T AR B I AN A B i, JbE
M7(47.35°N, 87.81°E)MJE RIX, Jbdimi Jg %A
#1(47.29°N, 87.83°E)i1 (W4 H VDMK, R E
BT IHI(47.35°N, 87.53°E)iLiipk, Jtrini
X406 (47.27°N, 87.97°E)il1 4 B AR (% 2),
SR FH e 10 1541 4 ki U4 31 (v Tl 9 87 9 o 4 T
Hh A G i T 937 425 ) T S 4 2 ) i R 48 PR A
WAL, FRESCS N 2022-018), i B
0, SEME, JOR AR, RAE MR I
HEL, —80 CHRAFFi
1.3 BRBIEKREKIIND BIEFR
TEAEY) 2 AR P AR, 3T BRI 2 21
5-10 mg FHFEEE S, fIA 100 uL BHI FliE &
FALE SR, AL SO AU 50 3 I e P e
B 5% 41 TSA |, BT & 5% CO,
R, BB EREE T 37 °CREFR 21 do FRHK

BAMRERBERIE T, E T 100 uL 1Y
ddH,0 ', 100 °CHi#k 30 min, 6 000xg &0

R2 HMEMNHRBEMENIRERTH

5 min, B EWBAE N DNA it W59
(BhCS.781p-BhCS.1137n) " 3 5 /R 3 14 J8 1)
S F DR M K R A B I8 S [A] (citrate  synthase
gene, gItA) o FI 1%BJEMHEE NG H Tk WL 1
Wy, HAK R 379 bpo ¥ FHAE PCR P43k 2
A6 R YRR B w1 Y o e Al
FH 22 B % AE Y HOR(F B A0 (National  Center
for Biotechnology Information, NCBI)I 5K ¥
HIHE LA 2 B A T H(basic local alignment search
tool, BLAST)Yj GenBank (2% %31 317 [t
X HT o
1.4 szWH,,JFFMEER
BRI 25 R BTE 510 mg LT A1 ik 4 21

?ﬂﬁ%{%@qﬂ , NG 5t PBS 22 vl Bov T
W HAMEASIRG, MY AR A
DNA $& IR & (R 2k %) M4 B sh R4 UYL
Xt 66 3 FEah IR K2 DNA BEATHEEC,
NanoDrop-1000 MlE WL, —80 °CLRFERTH .
1.5 TaqMan REEHR A EER SEBE
S R R B B

TE T €4 L 25 A s D Ak 2 )y 5 (i
1)) [P L K 2020 (13 5)] 4R IE 195 # A
PRET R B2 QA7 SE A | W8 A g 40 A TG T A4
SRR R . g VG R L TR GE AR
[] 5420 i WER g A 3k 701 5 10 B 5 T i 52 1 A4

Table 2 Distribution of rodent sampling sites in Altay prefecture of Xinjiang

SRAE ML Y RAEIRIE

Sampling location Longitude and latitude Sampling environment

e i e AR 47.29°N, 87.83°E A% H VP E K Farmland jujube forest
Longxing East Street, Beitun City

B 28 117 X400 47.57°N, 87.84°E ERCBL I A H R

X400, Altay City Half desert bell thorn, field grassland
o A i 47.35°N, 87.53°E ZLHIAK Red willow forest

Ulungur Lake in Fuhai County
b5 Tl X406 X406, Beitun City

k77 Beitun City

47.27°N, 87.97°E
47.35°N, 87.81°E

A& H 537 Ak Farmland shelter forest
J& R X Residential area
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FHAT qPCR ¥4, R E SOV SERAE . =5
FIXTRE, MR ML R AR S B Cq HK
AN, HE B FBA I o P X BB R 4% 0%
PR R B AR 3 50 SR bR o &, P b R Rt
FARAFA B
1.6 16S rRNA ERFNFIEME2ED
1.6.1 INumina XFEE . N FFIEE LR

E# Illumina NovaSeq6000 | F7F-4, il
FF X3k A 16S rRNA FEH A V3-V4 A[AE X, R
FH4l barcode MHF 5[4 (341F: 5'-CCTAYGGG
RBGCASCAG-3'Fll 806R: 5'-GGACTACHVGG
GTWTCTAAT-3"), f#iffl TruSeq® DNA PCR-Free
Sample Preparation Kit #F47 SCFERGFHE, 44
U SCFE 20 Qubit E MO, JFE &
WG, BICHERBORE 25 LY B RHE AR
7 F NovaSeq6000 #:47 AL .

P15 2 19 R 1h 2 s (raw data) fE7E— € L
161 () T 4 B (dirty  data), A T {845 540 Br i
SR WINAERS . AT, B e IR B AT DF
. o uk, 1BEAREUE (clean data), XfETA
FE A ROBE L 97% 0 — E i (identity) #E4 T
OTU %2, REXF OTU FE4 gt ¥ FhiE
B, AR AEER, 5 Silva Bl WS R
BEah gL
1.6.2 Nanopore XEEAE . M FFNEHEALIE

ARSI E 1T 16S rRNA JE[H Nanopore
WE, W 16S &SR &, A& KIEG
(A 12 A0 FF FE 5 AR I barcode primer ,
BCO1-12)F1 5" A fibn 2 AR5 16S 51HI(27F:
5"-AGAGTTTGATCMTGGCTCAG-3""1F1 1492R:
5-GGTTACCTTGT-TACGACTT-3"™)%}£1 41 DNA
#E17 PCR §'44, PCR ¥ 34/ W&tiskaifk., 70%
CEERIREDE, BT IS HIA Tris-HCI (pH 8.0, %
50 mmol/L NaCl)H B2 fEEk, il haifb )5
) DNA, SFRFREUIT A M4 T DNA, 1R

SJEMA RAP #k, T 5 min FAIA
sequencing buffer (SQB). loading beads (LB),
1l 28 S e S o A 8 I 2% R (priming
mix)M priming port JITA FI 755 B (flow cell)
H, SRJE K DNA SCZE M SpotON sample port Jill
ANFES B A, K SpotON sample port Al
priming port, Ktk 3| MinlON 7 |
BT

W FE AN MinKNOW  (MinIlON Release
22.08.04), I ] Albacore {4 52 i iR 51 fif Kt
(basecalling), iz4T 24 h, Hith fast5 Fl fastq C
4. E17 EPI2ME % ' ¥fi(epi2me-agent-3.5.6-
8640361), EFF 16S IMFE(FASTQ 16S 2022.01.07)
FHT %504 545 (basecalling 1D, v3.3.1)F14325(16S
classification, v3.3.1), #EH KM barcode 16S
RAB204, Kl SC4y*. fastq #53 ., #EA EPI2ME
I 37k (https://epi2me.nanoporetech.com) 3 it 27 &
g5 AR
1.7 HEEREBEMEITZEDH

FIHT Excel 2019 B T RRRE B 315
& 2%, N SPSS 26.0 FAFHEAT4 4>
BT, YR FLACR T 7 K58 F Fisher #1145
Ry, —FUER A Kappa f5:, P<0.05 HE R
AgitEE Lo

2 BRS04

2.1 FYHHERIER

2018 4 6 J1RAE 1B s b i 28 1 IX. 5 4>
AR 66 ARSI YIAE G, Hh 31 A5 4K
i FL(Apodemus uralensis). 10 H#y 5§l (Rattus
norvegicus). 9 H/NZK R (Mus musculus), 7 H
BEMIYP B (Meriones tamariscinus), 5 H K4
. (Cricetulus migratorius) . 2 H + 4 ¥ B
(Meriones meridianus) . 1 M Ak f (Dryomys
nitedula) 1 1 H 8% f5i H L (Microtus gregalis).
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B 37 R 4 BRCA A #5Ff [Berger-Parker It &
1% $ (D)=Nmax/N, D=0.470], &Lili#Eshi ¥y
46.97% (31/66).
2.2 qPCR #zE R
22,1 BUREGHE

XF 66 HmitE ST T 6 R A,
FLrPELERE S A 66 1, BFHERE AN 66 13
(ISR D[] 5 ) o WR @ 44K ), AT — 2 2L BE A 1
PR, 28 Hm ik sh ik g T RS BOm
B, SJERYR N 42.40%. H LK) BRUAL BUR F S
H O ELR B AR (31.80%) . 1] 5 44 s 2L e 1K
(1.50%) . & HUK AR 1K (1.50%) . 5L [ A7 ik
14(3.00%) F1 =7 9 B 75 W7 187 (13.60%) , W8 £ I
YL TCTE AR ARG o REE 2 2R th — 17 1] 5 4
IR EAA, BN LUK o AN [RRAE A B
BRI HH %25 S BT X (=48.661, P<0.01)
(# 3).
222 BUREAEXRHMEPHSFHIER

A YDA | 2 T BEES B N ZL M AR 53 1]
A 14 H 1 HR 6 HEUR H EURE AR, AN ER

FE RS 1 B R R R R 22 R RS R L
(Fisher BIHER:, P=0.163), [n)5 452 0E
T BEIRAT s R A L R U AR IR A VD
AREEAG R o - o B G TR A A R A A
DA MR 55 (12.80%) , AN [RISRAE FRBE 19 + 5
PV 407 PR A HH R 22 S RS T2 # 5 L (Fisher #D)
HERH:, P=0.448) (£ 4).
223 HFEREARBRMFHSHIER

AR A PR BEE FRURIOBR /BT FH BRAS 1 L, SRR
FowTE, Ha 6 R sh Ik EORE, [F
— U A% B0 TR L R R Sy R RS
4 FPECHEE, BRI, RS AR R, 5
FG 7. T UK AR = B 35 B G 30 R Uk e 43 1
48.40% . 3.20%. 6.50%F1 12.90%, %FHE
H2# 8 L (=27.629, P<0.01), Hr MR
SRR 5 T [R] 5 g v SR e M iR e e, i HL 22
SAH G L (=16.511, P<0.01), FAI7H
SR 2 RO R, LR 1A (42.90%) F1 L 7
35 B PE T ER (28.60%), SR K 2= RIS
H(P>0.05). A 2 R RUSL LR 4K

x3 HMEMPRWXERESBHFE qPCR HENER
Table 3 qPCR detection of pathogens in Altay prefecture of Xinjiang

KA M A AR BUR T PR R %)
Sampling location =~ Number of The positive number of pathogenic bacteria (infection rate, %)
rodents BYISTEIN [ 5 F s MR e A 55 PR e U A BRI Rk BT e
caught Bartonella spp. Leptospira Rickettsia mooseri Orientia Francisella
interrogans tsutsugamushi  tularensis
e T IR A 34 14 (35.90) 1 (2.60) 2 (5.10) 1 (2.60) 5 (12.80)
Longxing East
Street, Beitun City
B[ 25 117 X400 9 1(11.10) 0 0 0 2(22.20)
X400, Altay City
ZIy R =N (o] 9 6 (66.70) 0 0 0 0
Ulungur Lake in
Fuhai County
JbtiTi X406 5 0 0 0 0 0
X406, Beitun City
Jb i 77 Beitun City 9 0 0 0 0 2 (22.20)
41T Total 66 21 (31.80) 1 (1.50) 2 (3.00) 1 (1.50) 9 (13.60)
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R4 MEMEFRXARERERNERMIETEHERER
Table 4 Pathogenic bacteria carried by rodent species in different sampling environments in Altay
prefecture of Xinjiang

KA BUAH

iR S0 R P PR ()

Sampling Rodent species Number  The positive number of pathogenic bacteria (infection rate, %)
environment of rodents [E/RiEIA M58y EHG & U +HiER
caught Bartonella  IJiE{A SERRUMA AR [iip )
spp- Leptospira Rickettsia Orientia Francisella
interrogans mooseri  tsutsugamushi  tularensis
A AR LK A B 22 13 (48.00) 1 (3.70) 2(7.40) 0 4 (14.80)
Farmland jujube Apodemus uralensis
forest /NG B, Mus musculus 5 0 0 0 1 (20.00) 0
KA B Meriones tamariscinus 4 1(25.00) 0 0 0 0
¥ 5, Rattus norvegicus 1 0 0 0 0 1 (100.00)
TP B 1 0 0 0 0 0
Meriones tamariscinus
e H B 1 0 0 0 0 0
Microtus gregalis
/T Subtotal 34 14 (35.90) 1 (2.60) 2 (5.10) 1 (2.60) 5(12.80)
A H B3Pk Ly SR 4 B 3 0 0 0 0 0
Farmland Apodemus uralensis
shelter forest /NG B, Mus musculus 1 0 0 0 0 0
KA B, Meriones tamariscinus 1 0 0 0 0 0
/N Subtotal 5 0 0 0 0 0
TR FEMID B 3 0 0 0 0 2 (66.70)
=V Meriones tamariscinus
Half desert bell 7 /R4 i, 2 1(3330) 0 0 0 0
thorn Apodemus uralensis
JINF B Mus musculus 1 0 0 0 0 0
/T Subtotal 6 1(33.30) 2 (66.70)
AR FH F B hr R U R 1 0 0 0 0 0
Field grassland  Apodemus uralensis
JINF B Mus musculus 1 0 0 0 0 0
HHE B, Dryomys nitedula 1 0 0 0 0 0
/N Subtotal 3 0 0 0 0 0
FAR 177N Ly R4 B 3 1(33.3) 0 0 0 0
Red willow Apodemus uralensis
forest PEMITD B 3 3(100.00) 0 0 0 0
Meriones tamariscinus
FA-70 B, Meriones meridianus 2 2(100.00) 0 0 0 0
JINF B Mus musculus 1 0 0 0 0 0
/Nt Subtotal 9 6(66.70) 0 0 0 0
JE R X ¥ % F Rattus norvegicus 9 0 0 0 0 2(22.20)
Residential area /|\j}- Subtotal 9 0 0 0 0 2 (22.20)
&1t Total 66 21 (31.80) 1(1.50) 2(3.00) 1(1.50) 9 (13.60)
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(100.00%), 1 HIKG: FUSYE LR IE14(20.00%)
1 /MR RUBRG S R AR R (11.10%), 3 Hik
% BRI 7 35 BT P 1 19.(30.00%)
BEURWER . KER . B A4
BRI T JR G AR L 28 53 51 R 48.40% . 20.00%
42.90%H1 100.00% (7*=3.329, P=0.339); Hi/R

HME & BLABFRIER
FEAL LT AR YRR AR 3 H 5 hR
i FRAFAE Z R EOR H 2 A IR B, T
R S 4.50% (3/66), i M EW
[ 10.70% (3/28), Horp 1 H Sy JR Ui i [A] fsf ke
LB R () A R A | B ST sk A

2.2.4

AR oE IR s 1 H SR USRS R
SR NN SRV 7S W A 353 N TS I W2
T 1 W S S TR L S S A i L
(% 6).

AR L 4 2 BRI T B Ay - 4 9 B3 7 30 7
e 4518 12.90% . 30.00% . 28.60% (1'=2.380,
P=0.355) AN [r] LA I — S0 T 1 Jek g 38 22 e
BG4 (K 5).

x5 HEWHREXTERRMABUREREFR
Table 5 Pathogens infection of different species of rodents in Altay prefecture of Xinjiang

B MR SO PR R )

Rodent species Number of  The positive number of pathogenic bacteria (infection rate, %)
rodents SIS EREN 7] 5 ) oty BT TRIRIE  EHUR AR A + i
caught Bartonella  IZJigik Rickettsia Orientia i
spp. Leptospira mooseri tsutsugamushi Francisella
interrogans tularensis
L3 R A R 31 15 (48.40)  1(3.20) 2 (6.50) 0 4 (12.90)
Apodemus uralensis
WE R 10 0 0 0 0 3 (30.00)
Rattus norvegicus
INFE R 9 0 0 0 1(11.10) 0
Rattus norvegicus
BEMTD B 7 3 (42.90) 0 0 0 2 (28.60)
Meriones tamariscinus
RE R 5 1 (20.00) 0 0 0 0
Meriones tamariscinus
TRV 2 2(100.00) 0 0 0 0

Meriones meridianus

x6 LSHRERAABREMESBEREER
Table 6 Compound infection of pathogens in Apodemus uralis
EE RS L Al BRI A S

Sample No. Combination of pathogenic bacteria

Rodent species

2 B Rr 7R R ELRIEAR . L7 oh B PG T

Apodemus uralensis Bartonella, Francisella tularensis
3 s IR W B ELRIEAR | [R) 5 s MR HE AR | S R se vk A by o B G S A

Apodemus uralensis Bartonella, Leptospira interrogans, Rickettsia mooseri, Francisella tularensis
5 B 7 R A R BRI M SR SR 9 PG T

Apodemus uralensis Bartonella, Rickettsia mooseri, Francisella tularensis
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2.3 16S rRNA EF il F4 R
2.3.1 Illumina N F4% R

PR th 23 03 SCEEAR I A A% A i _E AL
J¥, 3RAF 2 390 391 S ral, KEE
342-416 bp Z [l , OTU LR ELM, Frimi%y
I A Ben] LIRS AT 22 446 4~ OTU, 434 T 59 4
17 134 40 300 4~ H 446 DR 769 4NJ@ il 405 4>
Fio JEACEK AT 5 FREURE A R ERE
(Bartonella), ELHE 5 )& (Herbaspirillum) . #21FF F&
J& (Bacteroides) . /1% K i J& (Enterococcus) 1 &
/K 373 14 )& (Ralstonia), OTU 4 % % @
N, TE 23 fekEsh A 21 rEUREA, BAK
reads W3R 7. A 3 yFEa A 7 SEIRIKJE , reads
B 1-18. 4 sk JTCIRARIE , reads $0°h
1-6. oAt JLFRH DL B RS S50 TR A H
2.3.2 Nanopore JI| F£ER

SRR S AR U BEHE 3.24-570.00 ng/uL,
PEEEH 11 3 B8 S 4% I FE S 1T Nanopore I
LI, 4300 % FF i S BOHE & [total yield
(bases)] N 488.4 Mb, reads & H 334 235 1>,
FEHIK FEAEHRAE 1200—1 600 bp, L 1500 bp 1Y
reads N+,

BT 03 28 53H reads 200 312 636,
PAEL R AR H o 3, reads B0k 281 796 4~
[ 7 3 A B8 7 1Y) ~F- P HE A % (average accuracy)
H90.2%. 11 {5#E Sk EURE R, Hik
reads DL 7, FHAth 5 FhE LAY BRAL BOw R AR
o HAMA % A QTR (Brucella sp.) F1H:
fb—SL A (F 1), reads BUEEZ ) AW FT
i (Rodentibacter sp.) . . #2 [& (Herbaspirillum
sp.) « % /R W7 i I (Ralstonia sp.) . LT HE
(Lactobacillus sp.). Mg ## {5 ¥ g 15 (Pelomonas
sp.)5F o
24 BERBHRIEFRER

St NP SE, 66 Amtish® s 11 2y

B BRI, FHPERN 16.67%; qPCR A 3|
EL R I B 5 31.80% (21/66), A 10 f3FE 5,
qPCR # t EL R IE AT 43 B B SR 4 R o B, L
F 7. EURIE ARG LU IR B R 5 08
PCR 6 () B 1 356 25 52 TE G047 L (/=4.125,
P=0.067), XX 2 FA Jr 47 Kappa #5545
2 A B L % 3 AR B 2 SR A v 1 — 3
P (Kappa=0.600, P<0.001).,

3 W54 ®

AT R T BRI | 5L RS mE AR
BHUR AR TR L R BV ER [R5 g R
TR AFIIE ¥ W 20 L JCTEAA 6 M HAT AR Y B
FEEOR TR, o HEAE T [l 38 ] 481 2 3 IX il 145 50
Yy i G BLEAT TR, gPCR 455 BoR
i 5 Ao UAAE S b mi A sh Py R A A i, A
[ SR B A B A% B0 A R E R A R E
S, TR TR e A A vy ) M X R AT
Mo AU 5 ASRAERIRRAE I 2 N T iR
AR, K, EPAMCE BB, B
AR D, AR A R R s i
IR . AR MR S, SRR R
Kt 4 FECRHE, WA EEER RS H iR
TR B IR SRR A - B IR BV 3T R, AT
BOw IR R A G R, R R
P B e R A, I Hh B2 Tl A o O SRR g
THOL, AFEAEHh 2R B AR IR P B XU,
IO FI ik AR SR B JRE RN o ke ik 1A s g R
A R 24 i) BRSO B, B i 3L T A
A E LS TRIIIETE - SIRC e DN £/ ek ]
St 22 1 B e

AR YR 2 W D7 Bl S A R e s 4 U TR N
R0 A, 22 15 B A1 A4 2 1 K A BRSRRE H R
B A E N ERGR DL Z R L sh P A
W LT S R S, RIS 2 R G A
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%* 7 qPCR. 16S rRNA EFENFHRNE/REAXRSBRBAELIEFERILE
Table 7 Comparison of qPCR and 16S rRNA gene sequencing detection of Bartonella and Bartonella tissue

culture results

P B RAEFRE B 2R 3 A qPCR EL/RIE A reads it (1Y)
i Rodent species Sampling environment ~ KiFE4E (Cq) Number of Bartonella reads
Sample Isolation and [lumina M J¥ Nanopore )7
No. culture result of Illumina Nanopore
Bartonella sequencing  sequencing
2 REETHIN () A H D ALAR - - 2954 23
Apodemus uralensis Farmland jujube forest
11 547 IR U B A VDA K - 25.22 47412 103 094
Apodemus uralensis Farmland jujube forest
14 B hr IR A B AR H b AR - 24.49 67527 121 613
Apodemus uralensis Farmland jujube forest
15 VNN AR H b AR + 26.09 14174 1366
Apodemus uralensis Farmland jujube forest
16 B hr IR A B AR H b AR + 24.67 47046 44 184
Apodemus uralensis Farmland jujube forest
19 B hr IR A B AR H b AR - 27.24 1566 514
Apodemus uralensis Farmland jujube forest
20 B hr IR A B AR H b AR - 23.69 43393 69
Apodemus uralensis Farmland jujube forest
55 B hr IR A B AT TR + 21.68 21940 10 610
Apodemus uralensis Half desert bell thorn
69 MY Bl ZIMIHk Red willow forest + 31.78 510 5
Meriones tamariscinus
70 ML B ZI 4 Ak Red willow forest + 31.79 399 28
Meriones tamariscinus
71 ML B ZIHJIHK Red willow forest + 27.87 2016 684
Meriones tamariscinus
4 B hr IR A B AR H b AR + 25.15 15351 /
Apodemus uralensis Farmland jujube forest
5 B hr IR A B AR H b AR + 30.84 31617 /
Apodemus uralensis Farmland jujube forest
6 B hr IR A B AR H b AR - - 836 /
Apodemus uralensis Farmland jujube forest
8 /NF B Mus musculus A VDR - - 1778 /
Farmland jujube forest
9 /NF B Mus musculus A H b AR - - 920 /
Farmland jujube forest
13 REOK (i3 AR H Vb AR - - 1454 /
Apodemus uralensis Farmland jujube forest
38 #5 %% il Rattus norvegicus Ji IR IX. Residential area — - 1708 /
39 #5 %% [l Rattus norvegicus J& X Residential area — - 757 /
40 #5 % il Rattus norvegicus J& B X Residential area — - 0 /
42 #5 % Bl Rattus norvegicus J& X Residential area — - 950 /
44 #5 % Bl Rattus norvegicus J& B IX Residential area — - 0 /
65 /N B, Mus musculus A% H B bk - - 14 /
Farmland shelte forest
3 EE DN AR H Vb AR - 323/ /
Apodemus uralensis Farmland jujube forest
(Trk)
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(EE3)
FE Sl A R SVSTHELN qPCR EL/RIEAAK reads Fh (1)
i Rodent species Sampling environment  KiFE4E R (Cq) Number of Bartonella reads
Sample Isolation and [lumina ¥ Nanopore ¥
No. culture result of [llumina Nanopore
Bartonella sequencing  sequencing
17 B R 5 A R A H Vb AR - 27.8 / /
Apodemus uralensis Farmland jujube forest
18 B 437 7K U B A HVb ALK + 26.87 / /
Apodemus uralensis Farmland jujube forest
22 L5437 7K U B AR HVb ALK - 28.19 / /
Apodemus uralensis Farmland jujube forest
26 L5 R 5 A0 R AR H Vb AR - 28.72 / /
Apodemus uralensis Farmland jujube forest
31 WA B, Cricetulus migratorius 4 H ¥ #0bk + 29.27 / /
Farmland jujube forest
72 F4-70 i Meriones meridianus £1#I#k Red willow forest — 28.41 / /
73 T4 B Meriones meridianus £ HjI#k Red willow forest + 29.63 / /
76 By JR 1 FR £IHIHk Red willow forest — 26.18 / /
Apodemus uralensis
1,7,10,  BRiRUER A% H Vb AR - - / /
21, 25,27 Apodemus uralensis Farmland jujube forest
12, 23-24 /N B Mus musculus A H VDA HR - - / /
Farmland jujube forest
28 ¥3 %% . Rattus norvegicus A H VDA HR - - / /
Farmland jujube forest
29 FEMIVD B AR H Vb AR - - / /
Meriones tamariscinus Farmland jujube forest
30, 32-33 JKA% K Cricetulus migratorius 4% FH 70 22k - - / /
Farmland jujube forest
34 e fit B AR H Vb AR - - / /
Microtus gregalis Farmland jujube forest
35-37, 45 #Z R Rattus norvegicus JE X Residential area — - / /
56 FRIE 5L Dryomys nitedula A% B Hb Field grassland — - / /
57 /INZE K. Mus musculus A% B Hb Field grassland — - / /
58 By JR 1 BR A% B b Field grassland — - / /
Apodemus uralensis
59 L5 R 5 A0 R SRR A - - / /
Apodemus uralensis Half desert bell thorn
60-62 WD B SRR A - - / /
Meriones tamariscinus Half desert bell thorn
63 /N B Mus musculus PR B - - / /
Half desert bell thorn
64 WA B Cricetulus migratorius 4% H B 471 bk - - / /
Farmland shelter forest
66-68 B 437 7K U B AR H 747 bk - - / /
Apodemus uralensis Farmland shelter forest
74 /INZE B, Mus musculus ZT M Ak Red willow forest — - / /
75,77 SRR ZI 404K Red willow forest — - / /
Apodemus uralensis
+: BEME; - FAME; /0 RER

+: Positive; —: Negative; /: Not detected.
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a
{
-

Bacteria

Lineage
Taxa-not classified
() Taxa-classified

1 MinlON KFLNFER D E
Figure 1

MEVEBOG, WP (cat-scratch disease, CSD)
&, CHERDA 13 AP RE AT AR HA S
bl A= AT 5 2 W e i 6% RURE A 4R
925 5T b BT BRI R B A A A R AR, 05
i R el DX A 8 v BRI A A T2 S8 1A SR ek
Yy, DRI AG 0 o5 BT Ay 2 i DX T S AR B A
SN EY IR A AW, T T Y A SR
B B BV A R AR B, A
AEEUENY, SolESMEAYR— LR AR
i (tularemia), X PREF RN, 15 FhW FE 2
B A/ NG A S (B R RAE), Al
Pefil . THACIE . PRI E K BT RS T AL R, I

o Bartonella australis
@ Bartonella clarridgeiae

* Bartonella henselae

® Bartonella quintana

® Bartonella rattimassiliensis
® Bartonella tribocorum

o Bartonella vinsonil

® Bartonella ancashensis

® Bartonella phoceensis

® Bartonella capreoli

* Bartonella queenslandensis

* Bartonella rochalimae
@ * Brucella microti
® Herbaspirillum huttiense
* Ralstonia pickettii
o Pelomonas saccharophila
@ ® Rodentibacter heidelbergensis

o Lactobacillus murinus

I ABAHRLE i EPI2ME 168 classification (v.3.3.1)23Hr 1M 15

Classification of MinlON Nanopore sequencing results. The classification data results were
analyzed by EPI2ME with 16S classification (v.3.3.1).

RIS OR G . WIE . m . BRI .
O WUE . KRBT RS . RE L
FIAT T B SR U5t = B Th AR DU X, BT
S JCAH G IE , SR . AN, Y
Mo WA S A TE ST SO MRS, A 2 IS IRy
TR, TR 2 51 R Hb Jy 1 BE 92 1) 98 (endemic
typhus), F25H I L ImIKRI S W4T
PR FEAL, (HAERER, WRRERL, K
PN Bk 1 SRR AR TR, SEliRE
HUfH (tsutsugamushi  disease), LS T8 AL
S/ S i st I RN QTR (22 N 17 N o )
R AR KR EE IR K KB A RRE 5 1994 4

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



4122 (YIS Gk

Microbiol. China

FE T S o I AT A, UEI AR
B HUR Ay AR AR BRI gE R R
SR AL X A b A L8 A7 A ST 78 AR e
M, NIMIERZEKEM G (immunoglobulin G,
TGPt (A I g 5 Wit A i JE T A . I8 B /R 3
TR L BE IR S AR B 2 U R IR FAE, $oR
IATTFEBEA T HF SN Bl B 7 7 X 26 B0 T 11 B
TE A o AR YU A R A I HY B A W 2 i T TE
A, 21 [ AU ViR 5 % 3 SRS 43 b XA A bk
WA b g e W 40 i TR AR Sk 1gG PiiAk
SR PP R GE 43.67%, X %2 2 S UV 5 2
By Ay 28 21111 11 B0 R K B R 18
TWEAMICIEAR, $8/R T 280 A SR U5 1 9%
TENFN S ) (B4 45 1 7T BE

TEXT M V5 51 ) B0 TR I L Y I A b Y
o, R BRI A 0 DL ERAR SO T R 2
EALFE G R EE JE,  RL okt 4B AL U 2 2
PRI R A TR o R[] 5 i B2 e 44— A
B R L 2R R A . FRATTR A T AL A
2 BRLHZIHEATAGIN , B R A A s A A i L A
H—, AL SRR S . Deng UM
TR 5T s B R A AAFE N TR A /) B G A 4 41
HRFSLAAAE, T DA PR IANE 20 2L AT T R AE A
AT SR, AT LIS B0 A PV 3 . AR R
RS B 55T — D8R ik, DAtk
g Ko BE LB qPCR 1 16S rRNA K& R 7 45
PRI AR M . ABERIE 11 HmGih3h
FA) RBLAE 2H 244 1 85 535 R GE AR, X 11 R
IR I R 7% B (R B L0 24T qPCR AN,
SR PR A . 66 M FE L H qPCR £
HEE 2R 3 A B P 2. (31.80%) i T 2 JR 3 443 5
B0 B R (16.67%) . LR E AR K 218
PRIy B 5 IR T L LR S HUEIHE], 1 gPCR
A R R, BRI P, A4
TARGE A A 5 TR W A = 1 A DU

AHIE 5% [ B SR FH 2 2R 38 AR S 53 B 15 5%
qPCR FI 16S rRNA F& K J3* (145 Nanopore il
¥ 5 Mlumina ) Z Rk 7, IF e L
Pl R RIRR R, 3 Forkis e
IR, FAFER 16S rRNA JE R 4G H B
IR AT qPCR AN B . qPCR A H 1 433
RO AR TR 2 A BEERST sk, RA B A
W 20 M JCTE A4, 1T 16S rRNA HE[A Tllumina ] 5
it 3 rar s ikikE, 4 RBIR)E . R
Nlumina W 5 J2& — Flr 57 B0 0 B0 0 R I 7
P, M qPCR A77E H BB A R 2 1) A 0 %
DNA 5 D1 B AR vl B JC vk i th iy Jmy BR 1 o
AW 5% H Nanopore I )7 55 Tlumina P )3 K5 0 A
[ FE b A5 B A EL R B AR reads ZRE KR, 5
Illumina M ¥ #H kb, Nanopore M ¥ F Bt < 32
K, FFE AT LK RIS 25 SR s i sl ] k221 24 h
LR, Al T W6 U5 3l ) 0 % 2 2300 T B
B SERTRS % %E . Nanopore Ml 7 iR 460 5] T
SR, LR E RERNEORE, i
HEZRA . FELEAR, Wik s A
FARBEHEAZ W 44T, BAh, 16S
rRNA FEDR 720 BT HE X T R i i, 4
REARLHAEDMHRIEREE . FIREESE,
far W L SR SR OC R A, DA 28 se
e TR A R A HI W, FFELE SRR NE =
(PSS NN R ey S EE R S A

25 F iR, qPCR H2 A 12 46 U B0 T8 4y 57
PSR R BOR WSO B IR, B R
RBUEFIR 8, #RAERAE | P B g,
B R T TR SR, HEBHHF T — X — B 5
PRGN o 2 P 43 5 35 35 A2 12 W Bk 3l 0 2 g 1)
“EPRUE”, IR ER IR IE qPCR BRI
HERRVE o Tlumina WP H AR E— P U
B 5O BRI v, AT AR AS U S R O A
W15 4 A A B AR AN OTU Sl K
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TR FHZE St B PCR R i 40 g A g, i HL
V7 B304 A AT AR PEAS PR AR X R, B
i 7E 2 25 255 5008 PR I 00 T 4R it s o3 B 1Y
Kl . 40K L MinION 0 (SO0 85 | B4 f 21
S5 B R i 1 A% i AN 3 A AT RS 3 A I R
JEOWE I TAESRABEEE AT, 16S rRNA &K /7
WA FJRBRYE, 255 7 A A Wi Ges nm i 7 45
C S b NI T e Y € LR B
T NI T = Wt Rl LI b b G s
WM A S 1 FH R, 16S rRNA 5 R 7 v
qPCR FHAH I 43 25 5 55 5 WA B M7, DT B
S THTHb T A W U 2 BT S0 TR A A A 1
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