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[Abstract] Objective To type the Chinese Anaplasma phagocytophilum isolates by Multispacer
typing (MST). Methods Based on the genomes of the 4 published Anaplasma strains, 4 genomic
senquences were analyzed by Mauve 2.3.1 software and varable spacer sequences were selected for
designing primers with the bio-software Primer Premier 5.0. A total of 11 Chinese A. phagocytophilum
isolates, obtained from different areas of China during 2009-2012 were assayed by the MST. Twenty
two intergenic sequences for each isolate tested and the reference A. phagocytophilum strain
Webster and A. phagocytophilum strain HZ were concatenated in the order of HGA-mst 1F/1R-mst 2F/
2R, HGA-mst 22F/22R. Results Twenty two pairs of primers were successfully used for typing the
Human granulocytic anaplasmosis (HGA) strains in the study. Those 22 intergenic sequences
exhibited a great diversity among the strains tested and each of the strain tested was identified as
unique genotype, according to the alignment analysis of the 22 concatenated intergenic sequences. Of
these single nucleotide polymorphism (SNPs) identified in the study, the nucleotide transitions shared
the highest percentage (60.2% ,251/417) and then the nucleotide transversion, accounted for 23.0% (96/
417) and the indel events (insertion/deletion) were observed of 16.7% (70/417) SNPs. Phylogenetic
analysis indicated that the 5 strains from patients (LZ-H1, LZ-H2, LZ-H3, LZ-H4, LZ-H5) from
Laizhou areas, Shandong province and 1 tick strain (LZ-T1) from Haemaphysalis longicornis collected
from the same areas where the patients lived were grouped in the same clan with the reference A.
phagocytophilum strain Webster and strain HZ. Beijing isolates (BJ-H1) grouped with Xinjiang isolates
(XJ-H1 and XJ-H3) while another tick isolates from Laizhou areas (LZ-T2) and another Xinjiang
human isolate (XJ-H2) were in the same clan, which was closely related to the isolates from severe
patients in Laizhou. Conclusion Chinese HGA isolates exhibited a great diversity of intergenic regions.
MST seemed a valuable tool for the detection and tracing for any endemic strains of Anaplasma during
the outbreak investigations in the public health events.
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2006 442 s e B 5 & A TC IR AR BE 9 Ik e =R
3R TR 5 UGIESE TR A , e B YIS 1%0%
AT 2009—20114F  AERBILLEC & [ 4 22
TGRSR 3 S ] B (9 A T IO IR Y 8 S
TE NI TIRATIR G . H A A 1 iR A 12
PRICTE AR 53 B AR, AN [R) b X 73 B AR A0 B0 5 77 B 1A
msp2 .ankA J 16S rRNA JPHIFAE 2 5, {H [R] H1 IX 53
BIRRI S FEORSY o Sk — DR ER BRI 22 57, AR B ST
XX L R T 22 (8] B 7 91 70 2 (MST) BIFSE

5%

1SR AR 12 R TR 3 B kA B LR 1
2 2% KK Anaplasma (A.) phagocytophilum Webster
5 B 7 4 K24 Dumler ZU#Z G . 51 Y4 51E
K W B BR D4 27 Bk 5L 50K - Ricketsia (R.)
prowazekit; R. typhi; Orientia tsutsugamushi Karp,
Kato, Gilliam;R. sibirica; R. conorii; R. marmionii; R.
akaris R. rickettsiis R. africa; R. parkeri; R. japonicas
R. slovaca ; R. aeschlimannii; R. montanensis; R. helvetica ;
R. felis;
R. hetlongjiangensis; Anaplasma phagocytophilum
Webster, MRK, Slovienie, MD; Ehrlichia chaffeensis
16tk Im IR H W 2 : Bartonella henselae;

Bartonella quintana ; Coxiella burnetii ; Borrelia burgdorfert ;

R. australis; R. canadensis; R. bellii;

Escherichia coli; Vibrio cholerae; Bacillus anthracis;

Haemophilus influenzae; Listeria spp.; Legionella spp.;

R1LHREKER

hig=2 HFR i Ay ESIRHR]/H IX
1 LZ-hl SRR I R 2010/111 7536
2 LZ-hl SobE R IR R 2010/111 736
3 LZ-h3 Btk A g f 2011/ 43
4 LZ-h4 SbE R s i 2011/t ZR3EM
5 LZ-h5 bR P R 2011/t ZR3EM
6 LZ-T1 1 A i B 2010/111 736
7 LZ-T2 A A 1 2010/111 753
8 BJ-HI SobE R s i 2010/ T RB
9 CZ-H1 bR I R 2011/ LN
10 XJ-H1 SobE R IR R 2010/57 8
11 XJ-H2 Btk A g F 2 2011/3r 55
12 XJ-H3 St A g F S 2011/85E

Yersinia  pestis;  Shigella  dysenteriae;  Neisseria

meningitidis ; Leptospira spp.; Mycobacterium tuberculosis
Klebsiella pneumonia (1348 PR Ay v ] 5955 T oy 42 i)
HR U i T 75 42 i T AR A 2 )

2. 510t FORE e HEAG I R 2 GenBank i 5%
1 4 ¥k TCIE K [ Anaplasma marginale subsp. Centrale
(CP001759) . A. phagocytophilum HZ (CP000235) .
Anaplasma marginale str. Florida (CP001079) ,
A. marginale str. St. Maries (CP000030) ] J& [X 2 52
H AfH] Mauve 2.3.1 FAFHEAT RN BERIZH HEXT o 38
i A R S DR ) g X3, 97 128 > 100 bp HA —7E
AR S BRI X, F) FH Primer Premier 5.0 4K {15115
Yy, W2, ST 27 MR se k4 16 BRIl R H UL
EX O ) A1 NN I SN TIE S E SN DS E91
WHAE DNA #E47 PCRY 1S LUK R 5

x2 THRAAMST H51Y)

— ——
511 (s ~3") e S e
HGA-mst1F/IR TCCCTGGTCTTGGTTCTAATG/AAAGCGGATTTGGTTCCTGTA 55 464
HGA-mst2F/2R CCTACGACGCTCCACAACT/CGGACTTAGACCTCGGACA 55 1169
HGA-mst3F/3R CGTGGGTTCGTCAGCCAATAA/AAGCGTTACTCAGAACAGCAGAA 55 477
HGA-mst4F/4R GGTTGTTAGCGATGATGGG/ACGAGATAGCGATTTCTTGTA 52 192
HGA-mst5F/5R ATTGACACTCCGTAGTTCTCC/AGTTTACTGGTATGGCTCTGC 52 643
HGA-mst6F/6R AGGGTTCTTTGCGTCGTG/CGCTGTCCTGGATTTCTTTA 52 422
HGA-mst7F/7R CCTCAGGAAGGCGTAATGG/TCTTGGCACGATGGACACT 55 472
HGA-mst8F/8R AGCAGACGGAATGGACAGG/AATCAAAGAAACATCGGAAGC 52 574
HGA-mst9F/9R GGAGGGTATTGAGTCCGTAA/AGCCTAGCAAGCGTGAAA 52 1008
HGA-mst10F/10R ACGATGCGGCTTATTTATG/TTTATCCCTCGCTTCTTGG 52 253
HGA-mst11F/11R GGGCAACTTACTTATTATCGC/GGATTGTCTGCTTATGTAGGGT 52 717
HGA-mst12F/12R AGTTCTGGTGCCCTGACA/CTTTTCGCTACCTTCCCTTTA 52 240
HGA-mst13F/13R ATGCCATTGTTCGTATTTCAG/GATGTTCATGTCGCCGTTT 52 1039
HGA-mst14F/14R GCGGCAAATCTCGCTCAG/TGTTCATAATCCAACCATCCCT 52 704
HGA-mst15F/15R CGGTGCTTTCTGCTGCTA/CCACGGGCTGTATTGTATG 52 633
HGA-mst16F/16R TGGCTGTGCTTATACCGA/ CTACTCTGCTGACTTGTGGC 52 784
HGA-mst1 7F/17R TCCCTGCTCTAATTTCTATGA/CGTAACGATGTAACCCTCTAT 52 665
HGA-mst18F/18R AGCGTATCACAGGTTCCAG/CAGTCCGTCATTTCCTTCTAT 55 1148
HGA-mst19F/19R CCGTATCACTCACGAACAA/CAAACCAGCCTTTAACCTAT 50 224
HGA-mst20F/20R TTTACACCGCTCTACCACTACTCAC/CTTTCTACGAACATTCCCTCTTATC 55 694
HGA-mst21F/21R GGCGTAAATGCCATCGTAA/CTAGTATTGGGTGTTCCATAAAGTG 52 615
HGA-mst22F/22R ACACCTCACAATAATGGCACC/AGCGATGAACTAAACACTCTGG 52 349

T HGA JWg T WA i G T 14
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3. DNA 25U PCR 9714 : K| HI#E [ Qiagen 23 H]
DNA #2 BUR 57 & $2 BUDNA, #2/F #2 5 B B k17 .
PCR " # % FIAL 3 38 S A W AR AT BR A 7]
& SMARECR 25 pl, 2R S Bk T, PCRY 4
A 294 CHUENE S min; 94 °C 72140 5,1 K30 s
(RS iR JOREE W 1), 72 °C 4140 5,40 PF
;72 CHEAH 5 min, A. phagocytophilum Webster £
DNA Jfy FH¥EXF BE 1E 5 A Il DNA % DNA (4<% {7
1) RICH £ 81K R FIPEXT IR PCR ™9 AL
TUEE A AR B FRAA ) [ R S A T I
aifp , Rt 2 XeEVE ARG R A A
peasy-T1 se R & 1T va b, B ve Bk bt 2
BEEO AR AR BRA B S A T A TR (TR ) i
T3 B2 RSN T o 791 28 BLAST 47 [ P
He#st, #1H Lasergen 7.1 Megalign 3% {F3#1 SNPs.,

4. PHEIF ) S A 38 AT AN R LI AR TR]
KRS ERIRAG AR, 22 X 5 | G 7= W) 22 PF
)5, I Mega 5.0 8 F 47 Clustal W 2308, RH
RHEEAL A

# R

1. 5190k « L3 20 Xt 51 My kA7 i ok , i ik
22X} X 12 BRTCIE AR 73 B AR 14 J5 , PCR =) K
INSHUHZERIA B, ST MRE X REYIN
27 MR SL SE AR, 16 BRI PR 5 DL B0 7 S TE 5O
DNA, R Jifi A= 03 A8 E H R 1945 DNA
BITCARFE R 4

2. SNPs: 12 ¥R TC I 1A 43 25 R R FH 22 % 51 9y it
7934, PCR ™28 2 G0 ml A TS DY, 5 2R —
o WM B RE(CZ-H1) B YIAY H A4
IRE 11 MR IR R4 T SNPs 438, 25 R s, 22 X0 5 | 4
R B dh) R — R B AR S IR R R
7(60.2%,251/417) , Ho A-G #4005 15 (18.9%, 79/
417) ., BRFEAIHR 7 23.0%(96/417) o T IEIH A K
B R A R 1 16.7%(70/417) .

3. MST 738 B RIS AT : 11 RRTRIZE 22 %5 1 0™
BAPFE IS 345 11 047 bp K/ A BE (IR B2 Fdd AL,
BERR IR AT ) . Clustal W 2 He o 4 B4
PRI R A7 AR S A SRR A M 45 SR S, SN
Hi X FAE A4 B Pk (LZ-H1 \H2 \H3 \H4 . H5) & 4
Hi K £ i 18 B AR LZ-T1 55 35 [E Webster £ & HZ
PRI R 1A, A6 o 43 B bk BI-H1 5 87 55 43 2 bk
XJ-H1 FIXJ-H3 RN 1 (B 1) o M 5 — 1855
WRLZ-T2 58557 — N B R —25, I 53

LZ-H2

LZ-H1
A. phagocytophilum HZ
LZ-T2
981 XJ-H2
XJ-H3
w51~ BI-HI

o— 971 XJ-H1
0.002

1 TR 22 ARIAIG P B BHER (29 11 047 bp) AL
RN e = 7 Stig [ L x ] 8

15 I

MST AMUAEN TIGFRR )12 N, 7R L 5%
BRI AT SRR B AR B A B e i . B, JL
I ST SRR O] O A TR A A

AR FH GenBank WS 1) 4 R JCIZ ARk , i
T BE PRI 20 LT, et i AR Rl e 8 i 7 5 | s T
16 PCR 4548, N vk 22 X+ AR MST 23815 | 9 9:
T 1 RICIE RSy B iR L, 5 38 s TR IE TSI IR
Gy ESRRIBING P I AR B AR S, A 43 BSRRE R ST,
ARk, AR A SR R, 3R E TOR R 7 B ik
B ST msp2 Fl ankA A% 88 SAH R (2 518 7 51
FEAEHBIX A AR REAE , AL AR 28 S b X 2 B 1 2 R A
VR LTEAR (LZ-H1 . LZ-H2) K 24 3b A A 1l 450 2 Ak
(LZ-T1) msp2 Fl ankA K 100%[R)J& , 1065 53 25
PR(BI-H1) 5Tt 73 B ik (CZ-H1) FiR%E A 100%
[ P50 TR] M DX B AR ] 1009% [R)98 . A58 38 1
MST i — 5081 LR B, 459 R, Rl X 2B ik
Ik P oA AE I B st 2

MST 53 B 22 Jit LA 20 0 4 A0 5 0 v AT v
By, A B PR R [ A R DR B AN ] AR G X
2 F BRI T, 45 A R ] 5 B AR L i E
SO 2 R AR X — o BRI 3tk . A
FEEER R, MST 70 BURE & AR TC I A4 B 57 e i A4
JENE 2 RN EE MR T,

5 £ X #
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