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Abstract: In order to investigate tick species and the percentage of spotted fever group rickettsiae positive in ticks collected

from yaks in Shiqu County. Sichuan Province, the ticks were first classified by morphological identification. The total DNA of

ticks was extracted and partial sequences of 16S rRNA of ticks,

T Rk K S B 2 TS E (No.CX201982127) ompA and ompB gene of SFG rickettsia were amplified by PCR,
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respectively. The positive products were sequenced and compared
through the NCBI database and phylogenetic trees were construc-
ted based on 16S rRNA, ompA and ompB for determination of

ticks species and spotted fever group rickettsia, respectively. A to-

QTN A T A G, TR 62400 tal of 818 ticks were collected from 4 villages in Shiqu County and
S WA WERRGEHBO, RH  610041; only Dermacentor everestianus (78.97% ., 646/818) and Haem-

LA TR B 2E K= FEREF R, M physalis ginghaiensis (21.03%, 172/818) were found. The total

310021 infection rate of SFG rickettsia in ticks was 49.8%. Four se-
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quences of ompA (Uncultured Rickettsia sp.shiqul, R.raoultii.shiqu2, R.raoultii.shiqu3 and R.raoultii.shiqud) and four se-

quences of ompB (Uncultured Rickettsia sp.shiqul, R.raoultii.shiqu2. R.raoultii.shiqu3 and R.raoultii.shiqud) were ob-

tained. Phylogenetic analysis showed that: for ompA , uncultured Rickettsia sp.shiqul had the closest relationship with the un-

cultured Rickettsia sp.(MG228270)isolated from Qinghai; for ompB . uncultured Rickettsia sp.shiqul had the closest relation-
ship with the uncultured Rickertsia sp.(KC888953)and Candidatus Rickettsia longicornii( MG906675)isolated from Korea. R.

raoultii .shiqu2-4 for ompA and ompB gene had the closest relationship with the human pathogenic R.raoultii. In this study.

R.raoultii was first detected in D.everestianus from yaks. At present, only D. everestianus and H. ginghaiensis were found in

Shiqu with high infection rate of R. raoultii and there exists a high risk of human infection.
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M), 57 8 5 2R B 2L R PR IR U, 4 A AR ol
AR, H T A R TR O AR v S R A A
ZEE N T IR AR G WAL o 1 XURS: . TR I X
W 28 LA R B i AR ST e R IR AT IR B RO ATE SR 14
2. I AR DR A R R a7 A ORI S X 4
TEJR I A LU 548 4 b 0 00 b 288 Ko B A P ST
T U ARG (A1 O 4 Sk 2 b DX LA 5 ) BT A A 1 4
I SCHF

1 #RlER=*

LR

111 MR T 2018 4F 3—8 A AR LR
2 BRI S BT HHL S M KT S A AR R
LR NS, ZE AR AR A L A 75 D0 A
W IFE T 4 CUKFE R TR

1.1.20 F2E0H HEUE A DNA 42 B0l 0 &
(TIANamp Genomic DNA Kit), Trans 2K Plus
DNA maker,2x EasyTaq PCR SuperMix(dt 5t 4= 2
A FD AxTAE S RS 519G 1 00y 24
A T A TAREBOAR R 55 A7 BR2S 5 ORAR 2 7))D 58 1

11,3 FESM HEIKHEIEDYY-6C 2) I T
LS — AL T, Leica SOD 14 3% 5 19 45 14 F v %
PRI AL O AR A IR 2 A, 5 2 3 &0l Ceppen-
dorf 5402 A W T s ¥ ¥ W R A R A W,
Bio-Rad ff1 58 B PCR " 34 (PTC240 #9) 1 F 5§
A YRR RA ]

1.2 7 %

1.2.1 WUEES RIECPEZFRRGE)T R
FAR S S U5 ) 28 AT IR A 2 M, 8 5 1
HUAEAS b5 A [ R G 20 Y0 k47 40 F A 9 2 %
FE LA E R,

1.2.2 DNA $#2£HC B H 75 %0 188 DR A7 A
JC TR K i B IS SE QN ) Al U0 ) 43 ik A EP
B R T —80 CUKA AR, 53 4hF R T B 35 W &
et iE . K EasyPure Genomic DNA Kit #Z f#
VLA B E DNA. T —20 CIRF#%H.

1.2.3 PCR Kl 08 Je B o5 BHE 57 50 AR 19 43 1
Y E Ay W) R EB I MR Al Oteo., Ferndndez de
Mera """ HS 1Y L. B LR 1. WA SR
YR 25 pL BN AK %, 2x EasyTag PCR Super-
Mix 12.5 pL. EF#E5I#4 1 pL(10 pmol/L) A%
B 1 pL.ddH, O 9.5 pLiRB%), & BH M X ] (Rick-
ettsia slovaca DNA H 7S 52 B 2 5 47 1 B 14 %) BE
(EBTK) ., B 16S rRNA BERP BEF .94 C
AR 4 min; 94 “CAEME 15 5,55 CiE k 35 5,72 °C
FEA 30 5,40 DMEH ;72 CHEAf 8 min; 16 C IR ;
SESERAR ompA FER TG FET . 94 °C AR M 4
min; 94 ‘CAEPE 15 5,55 CiR k 35 s.72 C #E i 35
$240 NMEHR ;72 CHEM 8 min; 16 °C AR ; 37 TR AK
ompB IR Y HFEF Ry 94 CHAE M 4 min; 94°C A8
P 15 5,55 ‘CiB 2k 35 5,72 ‘CHEfH 40 5,40 PDEIR;
72 CHEAH 8 min; 16 CHEME ., B 2 pL PCR ¥ 347
YT 1.2 % BAIR BRI 100 V HL YK 30 min, BE K
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Tab.1 PCR primers
X 5 W) Fif I F 5 (5'-3") HERL FERI RN /bp 2% SCHk
16S+1:CTGCTCAATGATTTTTTAAATTGCGG
1 Tick 16S rRNA 460 [10]
16S-1:CCGGTCTGACAGATCAAGT
AR/ Rr190.70p: ATGGCGAATATTTCTCCAAAA ompA 530 [11]
Rickettsia spp  Rr190.602n: AGTGCAGCATTCGCTCCCCCT
ompB-F:GGGTGCTGCTACACAGCAGAA ompB 618 [12]

ompB-R: CCGTCACCGATATTAATTGCC

1.2.4 JPH 0T R Ge it e A BHAPERE ALk AR T
¥, T4 5 | DNA Star 0 #F 47 BF 82 40 0, 16
NCBI ' blast #£47 LS, #40 H MEGAG6.0 2 L
Neighbor-Joining ¥ (bootstrap {H 1000) ¥ & £ 48
PEALAS I SPSS # {4 pearson K Ty A6 56 XF £ 4
BTS00, P<<0.05 2R HA SR X,

5 mm

A T I LB AT 5 B O I 100U T

1 SigMEHERHE
Fig.1  Morphological characteristics of Haemaphysalis
qginghaiensis

2.2 B 16S rRNA JER Y S fe st tr W
PRI IR 21 DNA Wit 97 B 1 16S rRNA Ak
PR B, BB E 9 4501 3R AR REAS Jr BER /N2 430
bp, 5HUMIARF . W 16S rRNA JEH 75 2 PF 82 | L
XA 7 45 K 4 5508 TIOR3 5 0m T
T I W, 4 Bl iy % N D.everestianus. shiqul-4., H.
ginghaiensis.shiqul-3, &M BLAST Lt X J5 [A] &
PEECE T A 1-2 2% LABH s b, BV 96 1l 0 R P
L P HROAS () L 0 8 B A 7 TR O AR Y G

4t

=A

2 R

2.1 MUREHEAESEE HARR 44
RAEH IR 818 H, il 2 KA T S 234 H L KH £
224 A oI 5 192 H B H4L S 168 H, &%
FELHMFMM 172 2, P 646 H B B FRE
S 1. 2 s,

4 mm
A
Ay G AR T 5 B A VY e S I
B2 BEHEEESHE

Fig.2 Morphological characteristics of Dermacentor eve-

restianus

WRK) 16S rRNA J¥ 41, fie J7 18 B 43 AN [5] R 28 4 1l
WRFN R 16S rRNA JF 51 554E 0 S % )7 51, 1 2
HEAERE . GnE 3 s, 4 A R4y B AR 5 Y 7Y
I (KJ 599809, KJ599803) 3¢ % 56 & i it . [A] J&
PEIK 98.83 % ~98.89 %0 IfiL W43 5 A% ) 5 H A I Pk
(MF629859) . H 7t 7k 3 (MF629848) [a] J5 ¥ 5% 5
ik 99.08%~99.31% ; 5 H IR JE (MF629882) [a] I
Pk 98.33%~98.83% .
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MF629859 H.qinghaiensis LT46
MF629848 H.qinghaiensis YJ1

KJ609201 H.qinghaiensis GHQI
MF629882 H.qinghaiensis HY16

AB819193 H flava

[AB819214 H.megaspinosa
100] b L_,\sswzoo H japonica
EKU170525 H.

MEK296403 D.steini

-MHG636572 D.reti
|: JX051096 D.marginams
»! MF973040 D.niveus
EJFQ79375 D.puttalli
bl 79379 D _silvarum
KJ599809 D everestianus
D.everestianus Shiqu2

KJ599803 D.everestianus
D.everestianus Shiqul
A\ D.everestianus Shiqu3
D.everestianus Shiqué

o2

3 ETF 16S rRNA £ F B 7 27 5t gL 4 2 4
Fig.3 Phylogenetic analysis of ticks based on 16S rRNA

2.3 STLIRMK ompA ompB FHK PCR Y1 DI
IR R 2 20 DNA i 54, 37 38 57 58 IR IR ompA |
ompB W K B, KT 38 £ F4r FE A L vk an &1 4
BTN sompA FER A B KN 530 bp.ompB FEH F
BER/NYY 618 bp, 5 HIIMAT.

2.4 SLECUAR PCR RGNS IR 7 v YA ) 25 21
Wk 2 Fron 78 818 Hfirh A 408 HURG: il 5] Bt 5
PBEST 58 U, IR YL RO 49,896 (408/818) , ik #%
100 A~ BH B A% 35 47 30 7 1 Bk, Herpo ok s Fd S
SRR LY 500, 55 [RSL s IRIR 2 95% . 7F 4 4
A SR S R YL A v L Gk 58.3 %0, AR KK E
R 53.5% KT 3 44.4% MBTH I £ 42.8%.
B 30 2 W A A ST v MR B Y 3 T A 3 A
PR (X =7.175,P<C0.05), TEREH £ 3 i 1 1
BE 5 BRE 57 70 R R A SR R T P A (X =
6.216,P<C0.05),

gene
5000
3000
2000
1000
750
500
250
100
ompA EFEPCRIZ R f5 BBk E ompB EFPCRR i 5 B 7k Bl
M:DL 5000 marker; 1. BHPEXT 8 5 2-9 . W REA ; 10 B % R
B4 KAFTHESEHBER ompA. ompB £ F PCR K KL J5 ik E
Fig.4 PCR products of ompA and ompB gene of some samples in Changxuganma Village
®2 ARBBITRE PCR ML R
Tab.2 Detection results of ticks-borne Rickettsia in Shiqu County
A% PR 1 % R AR
PEECSY
TR PG it THOUF UL PG it MM TOREEOD &3 OD
B H +L 0 168 168 0 72 72 0.00 42.8 42.8
JERH 172 52 224 100 20 120 58.1 38.4 53.5"
BRI 0 192 192 0 112 112 0.00 58.3 58.3
KA1 3 0 234 234 0 104 104 0.00 44.4 44.4
&t 172 646 818 100 308 408 58.17 47.6 49.8
* P<C0.05,

2.5 SLTEIRIK ompA compB I B AL AP K
SETLRAK om pA FER P H BE e bt e 3515 4 &%
F (£ 530 bp), 43 344 A Uncultured Rickettsia
sp. shiqul, R. raoultii. shiqu2-4, H: f Uncultured

Rickettsia sp.shiqul 5 R.raoultii.shiqu2,R.rao-
ultii.shiqud . R.raoultii.shiqud F 31 4~ 98 3 1Yy £
3R .raoultii . shiqu2 5 R.raoultii.shiqu3.R.rao-
ultii . shiqud A 1 A0 E 2 55 R raoultii . shiqu3
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5 R.raoultii.shiqud XA 1 M2 R, BHE
GenBank 11 & A 95 [R 3L 5L IR AR omp A F P 47 [7]
U5 HE BT B e IOAS [ i 26 57 58 AR Y om p A B
IR 571 by 2 3 G R AR L X 2R SR 2 ¢ R AT 43 #T
A 5 Fizn . o Uncultured Rickettsia sp.shiqul
5% B HiE K E M AU uncultured Rickettsia sp.
(MG228270) [l IR PE K 100 %, 55085 11 8 B YK £
LW R M Candidatus Rickettsia
(MG906676) [fl itk Ky 98.21 % I FH A 9 Bl 5t 22
55 R. raoultii. shiqu2. R. raoultii. shiqu3. R. rao-
wltii.shiqud 573 B B 2 KH W) Rickettsia routlii
2164 (MH532249) , 7y # A & [ Jb 50 H IM16 #k
(KYA745540) F oy B H K E R IE T Rickettsia rout-
Lii (JX885458) % T [d] — 7 3¢ . ] Pt 2 98.80%6 ~
99.39% s H:Wf R.raoultii.shiqu2.R.raoultii.shiqud
53 E 7 0 B 3 1 Rickettsia routlii 1.YG32
JQ792137) [F WAL 535 H9 99.626.99.8% + R. rao-
wltii. shiqud 5 FH R J5 M 5 100%; R. raoultii.
shiqu2. R. raoultii. shiqu3 5 Rickettsia routlii
WYG68(JQ792162) [d] N 99.80% + R.raoultii.
shiqud 5 H R EE 100% .

longicornii

-AR.raoultii shiqu 2
AR.raoultiishiqud

R.raoultii isolate WYG68 JQ792162
R.raoultii shiqu 3

R.raoultii isolate LYG32 JQ792137
R.raoultii.isolate z164 MH532249.

R.raoultii strain IM16 KY474577.
R.raoultii isolate MDJ4 gene JX885458.
Candidatus Rickettsia longicomii MG906676.
A Uncultured Rickettsia sp.shiqu 1

88 L Uncultured Rickettsia sp Qinghai MG228270.
Rickettsia amblyomumui strain Texas AM EF194096.

|— R massiliae EM014444

R heilongji: is KT825964

p—
01

5 ET ompA BERNTRERGHAH SN
Fig.5 Phylogenetic tree of Rickettsia based on the ompA

gene

W7 A om pB B R F 51 BE 4% | L Xt e 245
4 2P (25 618 bp), 43 Bl iy % & Uncultured
Rickettsia sp.shiqul \R.raoultii.shiqu2-4, -+ Un-
cultured Rickettsia sp.shiqul 5 R.raoultii.shiqu2.
R .raoultii.shiqu3.R.raoultii.shiqud fF71F 32 8
F 27 R.raoultii.shiqu2 5 R.raoultii.shiqu3.R.
raoultii.shiqud XA 1 083 £ 75 R. raoultii.
shiqu3.R.raoultii . shiqud {XH — 0832 5 H
5 GenBank HE A 77 K57 58 IRAK ompB I K 347
[R1JE P b 5 I HL 35 B [R) A 2 57 58 IR BY om pB

LK T 91 Kl 2R 40 i AR X il R O % G R HEAT 40
Mro W 6 Fros, o Uncultured Rickettsia sp.
shiqul 5 & [ 73 & 3 Kk & # 19 Rickettsia  sp.
(KC888953) #ll Candidatus Rickettsia longicornii
(MG906675) [ 135 100 % 3R . raoultii .shiqu2 .R.
raoultii.shiqu3.R.raoultii . shiqud 575K E 5 & 5
A A B 3% R T 5 AR Rickettsia raoultii strain Kha-
barovsk (DQ365798) [l ¥ £ 73 5l A 99. 47% .
99.31%6.99.48%: 543 8 H & K F B Rickettsia
raoultii 2164 (MH532272) 7] J5 4 43 51 R 99.30%
99.13%6.99.31%,

A R raoultii shiqu4
66| A Rraoultii shiqu3
A R raoulii shiqu 2
71| | — Rickettsia raoulti isolate 214 MES32272
Rickettsia raoulti Khabarovsk DQ365798
98 Rcononii KR401137
R massiliae MFO98412
P Rafiicae MG515015
Rrickettsii MG206088

A Uncultured Rickettsia spshiqu 1
o CRickettsia longicornii MGI06675
Rickettsia sp. HIR/D91 KC888953
R heilongjiangensis KT825965
R japonica MF496199

100 \d: R sibirica MG811716
70L_ R slovaca MF002539

P
0.1

E6 ETFompBBEEILIRXERGH UM
Fig.6 Phylogenetic tree of Rickettsia based on the ompB

gene
3 W #®

ARV 4 S S 2R 42 3 VU 0 T
i e RR R & RAEF], BRI R 0 AR
BE L VU A 0 2 AR A T 3R UG R JE T R 4R
3 500~4 500 m LA b (% Ll 57 5 1 X, 7 i O 52
BUELE T IREF WK 2 000~4 200 m i B
AUl Ve A R b B BT L BT H LR AT
LR P A TRk 2 VLI ST €7 Sl X MR AE 4 300~
4 600 m; FRH & 0 F 4 VD VT3] 47 FE R A 2 R HX
MR R 3 799 m, P IX R R AR B B 25
AR AT RE R HAE R & & B T o ) R R A

FEBE &S AAHE ST 58 R 9 25 58 L K Fourn-
iel " ST A E AR ompA FE PR BE A IV 7 5T
DR R SR B IR RS T ompA JE K Al
DL 78 kg B A ST v AR L AN A D) B A
BESL S0 M AT 4 R 81 4 TAR o A4 B B 30 . 5
16S rRNA [F T =>98.8% . gltA [FPEHE=>92.7% .
ompB R JEME>85.8% .geneD AR >82.2% , X
AR, ompA T om pB Fe B AE Ay #0 3 6
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PG W R Y T 97 [T sk iR DNALIF HA R &
RGN BH A S #5755 TG A7 5 YR Y I 9 32 2 K A
LB it R R AR A b,
1LY 57 ST 5 YR A R G 385k 58,1 06 Jug I i T i
AE RS R (14.9 % (11/74)) . K IE 25 Y BH 1
FEA A 5.0% R A & Fh 37 58 K Uncultured
Rickettsia sp. shiqu 1,5 8 FRATEE B FH 1 40 24 45
7% 43 I (Multilocus sequence typing, MLST) 4§
TIEAER K B — DS E

2015 — 2016 4F, N5 TR L 1L AR A HRIE A
26 NI 55 [CA7 sm AR A 2 451 58 35 1Y 1 iR
FRORS I 2 9 43 B 2 55 LG 37 5 U AR I B 9 5 i o vk
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RS R FTE M . DR, 76 A % B VG g6 R U Il
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#97 [RAL ve A i B S, I HLE IS T
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746 Ol iy W
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