Babesia microti DIEEZIRD

CCT7 sequence data provide an efficient method to address a a large spectrum of questions, from the simple to the complex, relating
to the phylogenetic relationships within the species complex Babesia microti including its interrelationships.
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. ... Fig. 4. Persistent infection of B. microti (Kobe-lineage)
Fig. 5. Cyclical growth of a T. orientalis clone in a calf ina
Parasite was cloned by picking a single parasitized-RBC up under a microscopy from the blood of a grazing cow, which patient and a blood donor.  After Wei et al., 2001.
harbored C- and I- but not B-types of 7. orientalis (also called T sergenti) as determined by RFLP test on their p35 MPSP gene, aThin-smeared blood films were microscopically observed; +, parasitemia
and multiplied in a RBC-substituted SCID mouse. The resulting I-type clone was injected intravenously into a parasite-free detectable; —, not detectable. PAmplification by nested PCR; +, amplification
splenectomized calf at a dose of 10'° parasitized RBCs. Peripheral blood smears were examined periodically under a microscope positive; —, negative. ‘°Inoculation into splenectomized hamster; +,
for the growth of parasite. Blood samples collected at around the first and second peaks were pooled separately and genotyped parasitemia detected; —, not detected. 9Because a blood sample from the
using the major piroplasm surface protein (MPSP) gene. The RFLP patterns yielded from the two sample pools were identical, patient was not available on this day, the results were estimated with extracts
indicating that T. orientalis clone grew cyclically without any sign of MPSP gene change in an immunologically intact, but from the cross-match test papers made prior to blood transfusion. °ND, not
splenectomized, calf. done.
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Fig. 6. Presence-absence matrix of introns within the CCT7 gene of

various piroplasma strains. After Nakajima et al., 2009; Fujisawa et al., 2011.

Tenuous transversal bar (gray or pink) shows CCT7 gene and its nucleotide length (nt). Numerals on
the mediastinum bars correspond to the size (nt) of intron: red, B. microti-group specific: yellow-green,
Theileria specific: navy-blue, exist commonly in piroplasms. 7. equi and YaHam strain, involving very
deep branches in the phylogenetic trees based both on the genes, /8S rRNA, b-tubulin and CCT7, are
assembled clearly into genus Theileria. Very short, 19-23nt length, introns are exceptionally seen
among B. microti and its relatives (Gray, Kobe524, Ho234, Munich, Squirrel, Raccoon and B.
rodhaini ).
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[RRICKFENTH D Z ENBESHER DTz, KT Babesia sensu stricto (CPABE © 2D Theileria (C
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*S): B. microti DT/ LD 2012 & 7 BlcATRS Nz, (Colliot, E., et al., 2012) ZDIER.  B. microti & B. bovis
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Fig. 7. Size distribution of CCT7 introns.
After Nakajima et al., 2009; Fujisawa et al., 2011.

CCT7 intron size (nt) by location is shown. Twenty-four strains of
B. microti-group (9, 5, 3 and 7 strains of U.S.- , Munich, -Kobe- and
Hobetsu lineage, respectively) and 3 other relatives (squirrel's,
raccoon's and B. rodhaini) are included. More details are noted in
Fig. 5 legend.
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LOHEBRD ERIDOS VY (FIP#E?) OBRETHBIUEEENHD. TOEKTIE. EOTSAVLANDMBOTEIY T L v I RRRBICHEKRT S ERBRBHNEENEL,
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RIBDZERFBH TR, ELREDRWEI—T 1 VIBINENY—H— (BIZ L internally transcribed spacer (ITS) regions of ribosomal DNAE IR E) (CfH
BI2EEE. SYTIVBDARRY T Y TILEBEDRD (LS PBA (problem of long branch attraction) ) BEE LULFLD T’EEZET 2,

T ADNAVY—H—

EOTSIVDSBDI\NDRF—EVIEILF (18SrDNA. hsp70. grp78. P-tubulin S KTV CCT7) @D CDSE 6 fBD CCT7 1 ¥ ~O Y DIEEESZBL
T, TR BIBE DELBBROBITEITo/c. (M8) SEDEGFD CDSICED ELRTMRE (L. B. microti EZF DEHERR (B. rodhaini &) HY1
DOILBASCICHE T DERT. Theileria ¥° Babesia sensu stricto & (FRITI—TTHD I E%&RUT. (Zamoto et al., 2004A, Nakajima et al., 2009, Jinnai et
al., 2009) ¥ >~ kO VEFE B. microti 7 IL—TDREBRINSH D W EBRIIOPTENWCP SAAYETE, RIVEBZI T SAXY MMEITAIENK
E<EFGBO oz, (B®7) ccT74 Y Oy (6 BDIEEREY) DORITREZRDIH. US. RIIAD Gray & Xinjiang MREDEFIZZLHE Uz, 1V
Dy@ 2 K[ 7.6 % DECHIZE (383 IBED 29 BPADIEL) - 23 IBEBHE 6 BOBA/RKER) NHD. 18SrDNA D 63 15 (0.12% ---1665 nt P 2 IGH

£). CCT7CDS D 2.6 & (2.9% 1629 nt P 47 IBEDE) DEEKE oz, (Fujisawaetal,,2011) INHS. 1V ~OVEINES K RE GOFRRIE

)®Lm%%%mﬁ?5ﬁta7 —h— tﬁﬁgtﬁﬂﬁto\FJJFUJEﬁ?%ﬂwmBE#EW@@@E%@%%Lﬂ%éHTU%? —h—
THd, UHU. PEIVTLYOROI NIV RUPY/ AR 7 FOXR-ZLUTEREL. coxl. cox3, cob D 3EETFUHNI—RKULTLERLS X (Brayton
et al 2007, Kairo et al 1994, Gray et al 1998), FEFEICEZE TEILREDS 185 rDNA (ZIFEL\ (Criado et al., 2006) 7= ONTIKIR RDHELERITY —H— TR SR\,

SHDBIEFREE

Complex species CTdbD B. microti EZ DITHRRR(E. SEOBRPLEIT SOMEZEBEE Ul Iodes BOVNY ZHENRDH—E UT, ILHFEIKBEFIFICAE <
PHLTND, XEEFE RBEBHEDREHZL, ARDELERVD, AEOBNZEDORIBCEDDEBGFEENANSNIZZ EREFEAERV, B
BOZARMEDRZEALR LS. ARFENKEERBZVL, BERECERUERT DI EDERBV. ZNEEA([E. CCT7CDS & CCT7 AV hOVERY—H—¢&
LT, HREMDSUNE LT B. microti EZ DEHERR 24 HRDFE U VELRIEBROBEITZIT S T &[T LT, (Nakajima et al., 2009; Fujisawa et al., 2011)
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B TOELRBRERENEESIND, TYTIBENTDTEWMES, P35I XY NEEZERI DI EFFRLULLCICHLW, ZEEETOMECHFCHEISZNIFT
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KBDA—G—C /A>T —C) DAMBEIRET DUREMENLIRT B, TV TIBEHLNS TN LKELI2KBEHLDEWVEZGZHID Z EFBSEN. REBREOZL\ED
TSXAVRREDIFE. THZELT VT IVEBEOERICERELH D76, PBA(c_ﬂbTﬁlc_;i%bTB<Z\gb‘&%o

Fg.8 D CCT7 1ntron tree & CCT7 CDS tree DE R CEHONIZER (US.3BFR) ORIPHE(LEEREZ | & UEIHBE. Raccoon [RBDE(LEERE (S intron KT CDS Bl
HEI—N—CLREE, ZNZNHEKZ 09 & 7918 THD. BERICCCT7 CDS tree & 18S rDNA tree DEB TEONIEBDDHEIERE (B. microti 4 RI) % B. rodhaini
DENELRT D E. RIBRFHLZLS B BB 22 E5THD, ELERE (BEMRIIECEL) XEVFFES TR, RO LRI TIEN DR B DES S,

). yDNA CDS OEIHREFHIFIER[CHLID, ITS %Etﬁ(:(;%ﬁ@%iﬁaﬁ%ﬂﬁ)\/ﬂ?@%ﬁ%ﬂ&) 5Nd, ZDOHITS BIFZEANT, ERENTILD K SRZELVE(LRS
ROBITZETOINETFBRVNESDOND, CHBEHL5I. EOTSIVHRBEHTIEERENDTILEDEHEN SR (BFIZDAREV) RRT VT ILOD ITS BT LLEA
TONTVNBRZENH D, K< TWBEDY 727E$1‘ﬁ§0)1_1bﬂ§h§§ (BEMIIDEE) F—MICBBEINTVBLLEICEVL., SEDZH. EBIR. BIR.
BRENZZEOTSAVRBOERFER (CCT7 CDS unrooted tree) % Fig. 8 [CR T
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Fig. 9. Multiple sequence alignment of the CCT7 introns

The individual intron at each position (1%, 2nd, 4t 6th 10t 12t) was aligned by sequences with its
same-position counterparts within lineage (A — D). Dots indicate identity with the consensus
sequence. Line of letters with gray, dark-gray or white background highlights subgroups that
appeared to be further divided within a lineage. ®); A 27-nt insertion (CGCCT ATATA TATAT ATATA
TGTTA TA) occurs after 10" position of the 6™ intron in Mikura strain in the Kobe taxon.

(1) cCcT A4 Y -OVISEERIZ RV RREDIEE L

Fig. 10. Frequency of mismatch distribution

Frequency distribution of the number of observed pairwise nucleotide differences
among parasite samples for the combined sequences of CCT7 introns. Hight of the
black bar and numerals surrounded circle on top op the bar indicate sample incidence.
The distance between two bars depicts the “pairwise number of nucleotide differences”.
Colored circle on map shows the geographical origins of parasite strains isolated.
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Fig. 11. Schematic patterns of population genetic variation

Percent of evolutionary distance (number of observed pairwise nucleotide differences) within and between the 4
lineages (U.S., Munich, Kobe and Hobetsu) of the B. microti-group parasites were generated in two ways. First, the
within lineage diversity was measured by comparing with paired intronic sequences of all samples by each of the
lineages or sub-lineages (see footnote in Fig. 9.) and the maximum extent of sequence diversity in percent is illustrated
as to the diameter of circle. Second, percent of evolutionary distance was determined by comparing two pairs of CCT7

ORF sequences from representative samples of each lineage and multiplied by the proportional vale {x2.6; described in
the section of “ (3) Nuclear DNA markers for assessing shallow phylogenetic relationships™ }. A three dimensional
representation of evolutionary distance is illustrated.
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B. microti 7 )L—T"D 4 ZFDEH BV EZNZNDRIIATOEGHZIREDIZEZ 2T BFEDDNAY—H, IO 5 CCT7CDS & CCT7 A4V ~OViE
HEAZE->TAELZ, ([E11) US. RIEIKE P I P ZEVILHEIRBIRICH T L. Kobe RIEBABARADRSNZRRY ~Z UDEIE LIRWLAY,
FERILANILDEGHZHREDNH D EDH o7, TRIOE, US. BKU Kobe RIIDZRIANDKRBELLE T 1 v LOVEIIZDRERKIEIZEFNZEN 7.8%
BV 13% oo (INSDEIFRIIBDERNERD 1/4 ~ 1/5 ([CHBE T D, ) INICHZT. B. microti TIL—TD 4 BRICDVNTIZRDIRIREL
HITICHRESNTWD : (1) BIEHRBRER (BHINZEEDERE) %& S-tubulin BKXUV CCT7 CDSTRO, MOEOTSAVERREBDER ST D &,
ZNZNREIRVETRDTUD B. odocoilei & B. divergence DIEBHEILIERE(CIA LY, (2) CCT7 1Y OYD YA X(ERIINTREKKRFESNTWVT 1 nt L
ADELUDEWLD, RFIERFIDRICIERERY A XDE VD H Do (19-254 nt; Nakajima et al., 2009; Fujisawa et al., 2011) (3) U.S. &5 (Gray#k) & Kobe
25 (Kobetk) DRAICEREZNBRRX RGN (BIEEXAIECED) NEEAERN, USEPITER (NM69 #K)EUS.TER (Graytk) ICIEIRER
[EH'H 3D, BRELTONRMAERIGKI DB, BREBPSHRIMRLNILDEZVWHAH D, (Tsuji et al., 2001).
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CCT7 A4 Y =0V DIBEBSICED K BITHSEBSNIEERA DBIEIL B. microti TIL—TICBT 2 4 RINZFNZNERDIEDDEGFBE/(F—VED
DI EZEBASHICUTE, (Fujisawa et al., 2011; Nakajima et al., 2009)  Hobetsu & Munich R3l(d, ZNZNEAREI—0Ov/INICAELKROSNDRRBREFEHE
HIEEEHICHA—TH D, —7A U.S. & Kobe RINIBIEN P I P KENSILKKEECHNTITLELS DH L. BE>FBARERDO S KROSNIHBAAICUHEFEL
BWTHEIDD ST, BLHZHEMETEEESHIFEAETEDRBTHD I EN o7, (Fujisawaetal., 2011) [RRBREFDEEFIBE (SHIBOVRILETP
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DEHMDIELE (BEEE) & Sorex DEHE BBE)NBETHD. {(FRl. 2; 12; Zamoto et al., 2004A; Hunfeld et al., 2008 (#85%)} Hobetsu & Munich 35
(& B-tubulin X° CCT7 CDS [CED ELRFEET T U.S. RIIDSKBIESNNBDIRIZERDLZA (R 1. 25 B 12; Tsuji et al., 2001; Zamoto et al., 2004B), ZNZF
NBAREI—0OvNIERHE L. DHEHNEDR->TLD US. BRBE(FER UBEEFE (NEBEREN SBRIEXTIRAVSYEICRESE) 2R,




Table 1. Summary of field surveys for B. microti like parasites in small wild mammals in Hokkaido and Tohoku, Japan.

No. of

No. of positives per examined

. . animals  Micro- Nested PCR for beta-tubulin gene d e
Animal species  capured scopically”” Univ® UST Hobetsu Kobe . Mamen LT
Clethrionomys rufocanus 4 2/4 2/4 1/2 172 02 0/2 2/4 2/2
Nemuro Clethrionomys rutilus 10 /10 1/10 1/1 1/1 0/1 0/1 1/10 1/1
Sorex cauecutiens 3 1/3 1/3 0/1 1/1 0/1 0/1 1/3 0/1
Apodemus speciosus 4 0/4 1/4 1/1 0/1 0/1 0/1 1/4 1/1
) Clethrionomys rufocanus 7 0/7 1/7 0/1 1/1 0/1 0/1 1/7 1/1
Akkeshi Clethrionomys rutilus 2 o2 oz - - : 0z -
Tamias sibiricus 1 0/1  0/1 0/1
Apodemus speciosus 2 0/2 0/2 0/2
Apodemus argenteus 3 0/3 0/3 0/3
Horonobe  ceimrionomys rufocanus 1 o1 o1 0/1
Sorex unguiculatus 2 0/2 0/2 0/2
Apodemus speciosus 1 1/1 1/1 0/1 1/1 0/1 0/1 " 1/1
. Apodemus argenteus 2 0/2 0/2 . . . : :
Kiyosato  cethrionomys rufocanus 2 072 072
Sorex unguiculatus 1 1/1 1/1 0/1 1/1 0/1 0/1 . 1/1
Apodemus speciosus 10 7710  7/10  0/7 Y/ 0/7 7/10 w7
Hobetsu n Apodemus argenteus 2 0/2 0/2 . . . . 0/2 :
Clethrionomys rufocanus 3 0/3 1/3 0/1 1/1 0/1 0/1 1/3 1/1
Apodemus speciosus 22 0/22 0/22 - - - . 02z -
N Apodemus argenteus 15 0/15  0/15 0/15
Ebetsu Clethrionomys rufocanus 7 O/7  0/7 o7
Sorex unguiculatus 1 0/1 0/1 0/1
Apodemus speciosus 11 o/11  0/11 0/11
Apodemus argenteus 8 0/8 0/8 /8
Setana Clethrionomys rufocanus 1 0/1 0/1 0/1
Sorex cauecutiens 2 0/2 0/2 0/2
Okusihri Apodemus speciosus 14 0/14 0/14 0/14
Apodemus speciosus 23 0/23 0/23 0/23
Apodemus argenteus 10 0/10  0/10 0/10
Shizukuishi Eothenomys andersoni 1 0/1 0/1 0/1
Microtus montebelli 1 1/1 1/1 0/1 1/1 0/1 0/1 1/1 1/1
Urotrichus talpoides 2 02 02 . . . . 0/2 .
Apodemus speciosus 17 mr T o7 YT 07 0/7 817 77
Takanosu Apodemus argenteus 1 0/1 0/1 - . . 0/1 .
Urotrichus talpoides 1 0/1 0/1 0/1
197  21/197 24/197 3/24 22/24 0/24 0/24 23/24

a): A thin layer of blood smear was stained Giemsa's solution and examined under microscopically.

b): Nested PCR by using a sct of primers broadly specific for all B. micror group parasits.

€): Nested PCR with lincage-specific primers

d): Indirect Fluorescent Antibody Test (IFAT) was performed by using the antigens as parasite strains cither in the U.S., Kobe, Hobetsu or Munich lincage.
¢): Isolation by inoculating blood samples into hamsters or erythrocyte-substituted SCID mice.
f): Samples used were those described previously (Tsuji et al., 2001),

Fig. 12. Field surveys for B. microti-group parasites in small

wild mammals.

After Tsuji et al., 2001; Zamoto et al., 2004B.

Epizootiologic field surveys were carried out in two islands, Hokkaido and Awaji, in Japan. The
blood specimens of wild small mammals were collected and tested by PCR for the presence of
the B. microti-parasites. To classify the B. microti-group parasites detected, all of the rDNA-
positive samples were further examined by lineage-specific PCR base on S-tubulin gene.

Table 2. Summary of field survey of B. microti like parasites among small wild mammals in Japan from 1999 to 2000

No. of animals with

No. of No. positive/no. tested by: the following
Prefecture Site Species animals rDNA genotype®
trapped
Microscopy” PCR®  IFAT®  Isolation* Kobe Hobetsu
Hokkaido Hobetsu  Apodemus speciosus 10 7/10 7/10 710 779 0 7
Apodemus argenteus 2 0/2 0/2 02 02
Clethrionomys rufocanus 3 03 173 23 13 0 1
Ebetsu Apodemus speciosus 2 0/22 0/22 022 Wil
Apodemus argenteus 15 0/15 /15 0/15 w8
Clethrionomys rufocanus 7 07 07 07 /4
Sorex unguiculatus 1 0/1 0/1 01 ND
Chiba Ohtaki Apodemus speciosus 2 22 22 22 22 0 2
Shiga Yamanaka Apodemus speciosus 1 1/1 171 7 171 0 1
Hyogo Kobe Apodemus speciosus 1 /1 011 171 w1
Miki Apodemus speciosus 1 0/1 0/1 0/1 ND
Kanzaki  Apodemus speciosus 8 /8 0/8 o8 ND
Apodemus argenteus 1 0/l 01 0/1 ND
Awaji Apodemus speciosus i 477 477 477 477 2 2
Crocidura dsinezumi 1 0/1 0/1 0/1 w1
Shimane  Daito Apodemus speciosus 14 414 74 4/8 3/4 0 3
Apodemus argenteus 2 072 072 02 ND
Eothenomys smithii 3 0/3 03 03 ND
Tokushima Anan Apodemnus speciosus 11 111 2/11 311 23 0 2
Total 112 19/112 24/112 24/106 20/56 2 18

@ Detection of parasitized RBCs by microscopy of thin-smear blood films.
® Detection of babesial rDNA by nested PCR.

< IFAT titers that were higher than 1:200 against cither strain Kobe or strain Ho234 were taken as positive.

# Isolation of B. microti-like parasites by i of blood sp s into
“ Determined by sequencing of the rDNA amplified from the isolated parasites.
/ Including two A. speciosus mice included in a previous study (35).

pl ized hamsters. ND, not done.

Akkeshi

Okushin

Hokkaido Island

U.S. lineage
Hobetsu lincage
Kobe lineage



Kobe RINEIBRSNI/NXKIBICRBLTHHIT DD (PE/NERBEEODPOHERS. KIEEDMNAE], BIREEFTHAZE] ; Wei et al, 2001; Tabara, et al.,
2006). D fRi%(d Hobetsu RINEERD ., BEMDIELRE {(Myodes . Apodemus (BEEEE) 2L} B Hobetsu RIVERB U TH D, E—EEIC. Kobe R5IE
Hobetu RINDRBHAIEE U TRHELTVWBRFEHADN>TED, NS 2 RIIDRRDBEFHOHXBITERZNS LW, (k2) #BH. HESTE
Ruttus spp. h'5 Kobe BIRRMNE DM o722 ENHBH. ZORABAENTONLECHIIND ST NN EBEGAHNRDIN SR, ZNH. Kobe BUR
BHASHERE [CFHRLTVIHENE. EH TR,

B. microti 7 )\L—7 DRBIFENCRBENICFRBRDIEHBEDICHHINDID, INBRLBE}PECH U TRZIRHZRSE. ENCORRTDIREHKE
(CHBAWBESRFEZBE LU TLWSD S X (Munich RIIDERL) . BMMEEDOBHRHRIUHIR THNEALT D7D, RERIICKIDIBEERELDER
[FREZFS5THD, {Hunfeldetal., 2008 (FA557)}

Table 3. Number of ticks collected in Hokkaido and Awaji islands, Japan.

(2) lg G 52: e Tick spacies

*@_6(3:‘ j_\/g/]_ vk % (/_ﬁz k ‘J%jﬁ@ y \/— K %o %@E#@%b‘i%@ffj e I ovatus I. persulcatus I turdus I. tanuki H. flava H. douglasi Total
PEBRETDS A T AL OREZTREC LTz, ) TOFMBEFBEESHORRE w0 0 2 0 » o o
EHR(C K 2T Ixodes scapularis (3)B 1. dammini) D B. microti DETDND I —EBEINT
W3, {Hunfeldetal,2008 (#5%)} ZNLUANOHREMTE. RNOH—(CBIT B55MB7R(Z  Table 4. Detction of B. microti like rDNA by PCR in the field collected ticks.

EARERRV, EFNE. BHICHD T LTWDB B. microti TIL—TDRED, ZZ(CEBT B - suvey  NooOf  Noof Noof Noof Minimum
3 . . - ICESPUSIOD) | oty ticks ticks ticks PCR-positive infection
*Eiﬁb\@ Ixodid species “—- J: ny%ﬁé ;hz-t LY 5 G)b\\ &)_ 5 (A (;1@/‘? @Eg%ﬁu %ﬂaﬁwyi area examined® pooled tested samples rate( ; )b
NYZBHNEN L TVB DD BBETREW, KT, BRICERBRRIODHENEG DM Tovatus
Hokkaido Nemuro 48 2t03 19 4 8 3¢
Kiyosato 65 5 13 8 123
Shimokawa 100 5 20 2 20
Horonobe \ © Aibetsu 85 5 17 0 0
. S Furano 115 5 23 3 2.6
Kobo [ Ossha Hobetsu 140 5 28 10 ol
- . Ebestu 36 3 12 0 0
e Kiyosato Chitose 68 4105 15 0 0
shiri Awajl  Sumoto 180 5 36 11 6.1
Furno AP e Subtotal 837 183 38 55
.+t Island
Tokushima I. persulcatus
° Nemuro Hokkaido Nemuro 139 3to5 33 2 1.4
Chitose ® (Nymph) 196 1 196 0 0
- ——— Horonobe 42 3 14 0 0
Kiyosato 105 5 21 0 0
y ® U.S. lineage Shimokawa 15 5 3 0 0
. Aibetsu 85 5 17 0 0
Hokkaido Island ° Hobetsu lmeage l"ur}:‘mu 44 5 15 0 0
1 Hobetsu 36 3 13 0 0
Y Kobe hneage Ebetsu 15 5 3 0 0
Subtotal 1656 542 2 03

Other tick species

Fig. 13. Field surveys for B. microt-group parasites in Ixodid ticks in Japanese Six areasd 162 1 162 0 0
nature. * Ticks examined were all adult except one case of /

the B. microti-
that each PCR

the impact of the comparison of MIRs, the possible MIR would be between 2 and 8.3% when

Epizootiologic field surveys were carried out in two islands, Hokkaido and Awaji. Ticks were tested by PCR
for the presence of B. microti-parasites. To classify the parasites detected, all of the rDNA-positive samples it T sy Kiyosaks, Fobita wnd Stmesto wecs isciuded
were further examined by lineage-specific PCR base on f-tubulin gene. (After Zamoto-Niikura et al., 2012)




=AY 2 BAAFEED D, (AUBEREM (L U.S.& Hobetsu RIUDY, KEEEMAB] (& Kobe & Hoabetsu FRFUNYEZRS - Tsuji et al., 2001; Zamoto et al., 2004B)
ZZICEDHFBEEDY ZMER L. ZNOSHEDFRBEND Y —FEZRI N E. FEBICHEHEKRVEBETH D, LUTIC, BAHZD2EPREZDED
B TIT > I RFRBEDIERZRI . (Zamoto-Niikura et al., 2012).

FEIROETY ZINEZITLV, £ 2R EZFORERMEN S 6 78, 4010 CDY ZZ#HERUTc, (KR 3) 2IEXED Babesia M 18S rDNA ZHIRETED
TS5A49—ZAWVWTPCRIETREUZEZ D, Ivodes ovatus & 1. persulcatus TE(FHBHEE RO, HOY DY YV TILH S IEBERISHEEN >0
RICCODBHETFVTIVIENUT, rDNAZED =Ty M UTERRRIFFERIG PCR HEBRZTofce (FR4) Kobe RINERBEIT DI ZIERDIHNSR
M D7ze B. microti BBMED I ovatus (&, KBS THILBETHZHEDND., ZOR/NZREM (MIR) (RS 12.3%. BREMHD I ovarus D MIR ([ 8.3%
Eolco SNISXHUT, 535 D I persulcatus DS (& Hobetsu BRBHIMEHE EINDZ & (F@D o7 (IBREHDY VT ILE Hobetsu BRBZERE LA
hof) o« —A. BREMTEENENT 139 BBD I perulcatus P2 A US. BIRBFMHEE R oTce (MIR=1.4%) S S(CHREM CHEHENL 48 LD 1.
ovatus (1 86 US. BIRBZERBLTCWED DTz (FT4) I perulscatus (& I ovatus ERIRICILBERIKICIE K D UL Apodemus.  Myodes.
Microtus, Sorex 7% EZ&IRIM LTS8, Hobetsu BIR REFIRMIRZIRIM T DOTREM (S 1 ovatus ERBEEHESIND, ZNICHHNHIDST Hobetsu
BRREREIT D I persulcatus (SEBEIE 2T EDS. I pursulcatus (& Hobetsu BURR(CXF U TREZHEINMES RMICE>TRRBRZEDIAATZEELTH
RERFETDA s BEICHBRLTLE S EEZ 5N,

INDARBD —%Z BT I ovatus & I persulcatus DR RImERFRZIT o Tc & T B\ I ovatus H¥ Hobetsu BURR%Z . I persulcatus DN U.S. MRRZE(RET D
ZENEREINT,

I ovatus DNIHE Hobetsu RERDDMIFIIFEAE—HT D (BLU. AELHEMEZDORRKIIRREMY) o —F I persulcatus (SILBELI
CEBE5N2HDUS. BIRREBRERLZFICEDND (®12,13)  RRENRID YT ZODHRBICA—BHESND, (E 12, 13) CDEHIFBESHT
(F7xW\, 7272, RERDEFE(E Hobetsu B & US. BURBROMAZRBETHRELTWDED (R 1. 2) « L ovatus DEHF Z(TH I persulcatus DES
[CHERFEDRMF vV ADHDIET THD, &EZBH BEIRDETHSZSNTEHY ZD MIR (FRELEBR>TWE (L persulcatus (& 1.4 %T I
ovatus [ 8.3%) o D MIR DERI(I. 1 pursulcatus D U.S. BIRRIREREND 1 ovatus D Hobetsu BRRIHEN KD HEDHNCH DI EZRLTVND
EEZBSND, ZNE 1 DDUREMETIEH DM I persulcatus DNDH —SEHENFDTRWHIC, FBEROIC US. BURBRDDHIBUCR O D4 U7zl
HENEZSND, (K 12)

DEEHIE MNADOREBIRECHBEMIOSNDIRCTEERIBRTH D, REMD I persulcatus D MIR (& 1.4% FZo> Tz, ZDEZBEHNZE
BESNTWSKEILRE (FVFT Y bED I scapularis D U.SBIRRBRDRABIRNR --- Piesman & Spielman, 1980; Liu, Y. 2012) LB ULTHD E 1/10
LITTHD, FEBITEL, 2 US. RIIDRBIFILXKICRSITI—0Ov/HSRPIPICHNIT. -3V FPAREEFRICAL DB LTWVND, FhiC
BEADLSTHRESNTVIBEDEFEALIKBIERSN. I—0V/IPFPIPTOEERSEIEONSKHFTHD, TDEHE LT, (1) USRIID
I 3R (LK. RPIP 3—0v/(: pRPIP) BERCHITIRZMETEVWD DD, (2) KEDEEKREIC B. microri DFFHARELTWND
TEOHICRRIDEZEE UMD R EBERERBHENSUV. 3) XKD I scapularis DRD D —EEDNS < ENISHDBEEBERE ST IREREBHICKE D

29 B. microti [RBE KT Ixodid DENLRFEBOXIGRFRZHDE (K14)  US. RIID 3FERIEET I ricinus complex [CEAEY Dimky —@NEN L TLDZ EDHID,
DEO. EERBFITERE ARBE LICHERBER (RO —RFHEORO Y —EHRE) OMBEROMBEARK. BL@HE CXLV) LNILOELRBRETICK>TE
UOHTORETH D EHREBEIND, BE. RO —MRHOCEDNDDNAY—H—(E18S rDNATEDY. T D CDS DEFIZE(CBE I TR T D E. SEEID LFZUS. &
FBIRDILKER (Gray #k) &I—0O v/ - PRFZIPHE R (Xinjiang BK) ZHY0.12% (1665 nt PI2BPADER) THDDICK LT, BEERDRBRERE DB (S8l
1~3%& 10~20fS (72 2T L\ D, (Nakajima et al., 2009; Jinnai et al., 2009) EO T SXVREBLMRIC, HULHTRETPIARAS—F(CDVWTH, BREEDNAVY—A—{E>T
REELCHDRENHDEE5, o UNUEREDNAVY—N—([CXDIRETFIFEAETONTULRWEZD., ZDHEFDIFRDIRS ZRF-1ER SR,




TWD - RBREDNEZSND, INSDPT, ELROELDHIEE 3) 5EXFIT D 1 DORWELDZNHINZ,
B. microti XD Y —GRMEENRD 5 —FEHECEHT DBEABELSCILKRDIBRZI -0 v/ DZNEZERINE. KDOSLVEEOHTRH TTEE Bhh
%o LHU. 3—0v/NTIE Munich & US. D 2 RIIDBERBRICHHIT B ENH>TVBHDD, < DFARBSEN, BREMME[RRRIIZENL)

(CEUBITERVDNAV—N—DREITCEDVTLDEH, BRBHSIEHGRES D HWEIRRECH B,

(3) U.S. RINRBDE(LE

BARICFET D B. microti 7 IL—TDRBEBEFNERD . HFEH—ILELR>TVD (K12, 13) [CHEHNDST, EILRFERET TIE US.. Kobe,
Hobetsu DD SRV —([CRHNB, CHld US.. Kobe. Hobetsu RFUDHZEDLEINSHIR (EMUTEIRIIOLEEEATHBDC EEZBRLTLS,
BIRIC US. RIINERTH. BREBICENEWVCHFRED ST, EERFEE ETEILK, EPYP. 3—0v/C - DRPI T OHIBN 3TRICHHIND,
(K14, 15) HBHOELREE (K8) OBFEERRMNS. Xicw ZTOFBICEWVWAHIE (K15) DNSHERUT. B microti DPTI(E US. RIINREH
USKHIRULEHT, ZNHAERT DICONTHHBZRRICILHEIRERCIL T EHEAEIND, NS, BIBITHRNRIZRROBRES SUNT Y

Munich

O

1. holocyclus AB025595

1. scapularis
X63868
1. dammini 122271 I. persulcatus AB032838

L_— 1. nipp is DB88S1
1. pavlovskyi D88860

L ricinus complex

U.S

" £ ¥ North America

1. pacificus L22278

I. ricinus D88884

EUfOpe' 9 East Asia 1. tanuki D88887 . monospinosus D88843

Central Asna
- I. granulatus Km—KNmnu’am, HL
I. granulatus Km-KH-D  |. granulatus TD
Kobe ' L. granulatus
\* KN
Mikura, S >
Island © waji Torms
Hobetsu I. ovatus AB280547 ’A% I' ovatus
2

Fig. 14. Cross-species matches in vector specificity for B. microti-group parasites.

Schematic patterns of population genetic variation of B. microti-group parasites (left). Phylogenetic related ness of ITS2 sequences from various Ixodid ticks (right). Figure is modified
from Zamoto-Niikura et al., 2012 (left, see legends in Fig. 11) and Chao et al., 2011 (right). Pale-blue dotted line represents the parasite lineage -primary vector relationship.



(R 14. Zamoto-Niikura et al., 2012) ZERHET THER T D &, US. RIIDFHBBLF T 1 ricinus complex DIBAKICNRIF—VT KU, ENTZD
FRICEUZHNETHORBEILAR UTce ZORBRND Y —DOHIBIRRNS D, ZNICHE>TRBEDCHENHERIEN S >T. BHELHDL\(EE
BIEANEATE, E10 EEZ S5NNSD, (Nakajima et al., 2009; Fujisawa et al., 2011; Zamoto-Niikura et al., 2012)

RENBEHDVNEND Y —EHENTDEVSEZFLEINSIRBSNTWVD, ULH L. EERFERITREEARNBT —5ZH >TINH GRS
NEBIITNETOETZFHET, E0 RO US. BUERE 1. ricinus comlplex DILELERE T BHIBVEBEKFITH S S, E1)

g % AK2273
. 8 3 . - Ho234 Akkeshi
* °$. «® Takanosu
K3 s " .
. Dallé
Tkuskie " Hatahiyodori 8 KoBes24 g1
Korca8 g i
AK2273 Tsukiyo ' Mikura
GI
100 el
- &nglangl 637 O U.S. lineage (North American subgroup)
CCT7 CDS Tree —— Squirrel’s ) @ US. lineage (Europe-Central Asian subgroup)
5 | %I%%'Ch @© US. lineage (East Asian subgroup)
100 | UK6
Poland 5 ich li
100 S O Munich lineage
Kobe524 © Kobe lineage
87 0.02 100 | ogllobctsu234 :
_0.02 100 Dall6 @ Hobetsu lineage
Raccoon’s
B. rodhaini

Fig. 15. Predicted distributions of the 4 lineages of B. microti-group and their phylogenetic relationships

Geographic origin of the parasite strains (see Figs. 6, 12, 13) and the spot where given lineage of parasites detected are all plotted on the Figure. Considerable endemic areas for each of
the 4 parasite lineages are covered by transluent color. CCT7 CDS tree shown as shown Fig. 6 is also placed on this figure for referring evolutionary relatedness of the parasite
strains in the B. microti-group. After Nakajima et al., 2009; Fujisawa et al., 2011; Zamoto et al., 2004A, B; Zamoto-Niikura et al., 2012.

0. - 5HOBBIEREI/ NS VD TRELNILOBBPAEZBI TRE T SATEREN, BZS5<HARBYOEPCROTHREELBEZRICLIZDES S,

EID: BAMEICDWTIE. EQBRYFUADNZYUNCOVNTHEABY 1S L—Y 3 YAEENRIIT 3N 7E5T. %< ORINTONTEE, BMEOREN & 12238
ERZBILICERT 2RTE LT, BREINERE LTIEIIRN vs BRN-REBRRMOKIEENH 0. EZRNERTHREFN vs BFFINOHEI SBRINTND,

S5(CBMEDANZXALICEALTE, £RERENIEL. LTEREED 2\ RIBCUNDEGFEFRNHBBSNTE D, RIERBZRE TV,



BHhI(C

BAE1SO)IRNYPEEDZHZEEL (Saito-Ito et al., 2000; Wei et al., 2001; Tsuji et al., 2001) . (BT & ERIELEH/\—/\— KRKXFE%Z55R. Dr
Telford S.R., I [ ”B. microti 7 )L—2"D¥KEMBE (Kobe. Hobetsu. U.S.(Gray)) [CEH{TERVIEDEGHNBEENDHD . LEHULILDON 200254,
Z D% EBHRL B. microti [ species complex EFRELINDZ EICTR DTz, (Goethert & Terford, 2003; Zamoto et al., 2004B) LH\L. Z DZEDIRERCSIZ
NEDRBEMFENBRICHNT DHBE TR, T2 B. microti DEBHEICRBET TIE>EO LBV EBR[IDDDE o7, BZEHERDIHFHULL)
ELRBBITECTF v LYY U, 1B CCT7 ElnFr 4BEDELY—H— (1Y ROVUEB/INY—Y, 41V ROVHAL X CDSELVC Y ROV
IBEBY)) EULTBEWRITDRFETHD, FrLYIEAIHL. ZENETERGBHO S T2IEBCEVEEDELSE (18S rDNA TREITHRE/RIER (SR IB
EDS, EELEBEROBEADEILERT) ZRANALBL SRBE CRIALRDKRICIEDTc,  (Nakajima et al., 2009; Fujisawa et al., 2011) >~ ~OY®
MNBETA XZEY—N—ICT BT TIE. B. microti EZF DEHERR(E Babesia sensu stricto ¥° Theileria E2ESINY—VaRUTc, CORRZEZ(FT,
583X (Nakajima et al., 2009) (& “T/ ALNRILDZWDH DD HENERLN &2\, FNZEBI(C U7 Dr. Emmanuel, C. & Choukri, BM. h54./A70
VIO MNOBFER Tl TOI O MOSHEET oo 2012 F 7 BICARSNIRS DY/ LT —% (Emmanuel, etal., 2012) (FFAL DHEFHN
FEFHE>TVWEZERTHDE>Tce 2D 2-3F(C, A CCT7CDS & CCT7 1 ¥ OV DIgRECSZ Y —H—I(C UTz B. microti ERDELFHEIE
BEMT (Nakajima et al., 2009; Fujisawa et al., 2011). T81E&NH)H D\ Y Z & [RREM & DAEEIME (Zamoto et a., 2004; Zamoto-Niikura et al., 2012) [CE8F D5mX
ENTRUE, ZFIICBNRERRIT, B. microti US. TIL—TDBRIE ALK, BFPIYP. I—0v/N - PRFPIT) DE(LEEREE 185 rDNA CDS D!
EMRETO0.1-02% TUHEWL, UNUEBNREZEIC, 2D 0.1-02%LNILDXDDIND Y —FZD&E (ZFNZN I scapularis, 1 persulcatus. .
ricinus ) ([CXIHT D ED ¥ o7z, (FRELBRICHDEHTEIND) (Zamoto-Niikura, et al., 2012) D L)L (0.1 - 0.2%) TDIRFIHIE., TNETD
EZBEFEEALERN, UD U, BONRBRERRODECLPERZNLBERIDNSEEERA. AREFEFLEFBICEZRDHDIE 27, TBRHERR
BRILANRIVTRO 5 —DEFEMNBLINRD Y —FEIEDS. DEDENDORRBREMNESZEZ,. (FUHTRIBRICKR ST,

B, EOTSXVRR (KRERFREORRE) OBXE 185 rDNA D CDS DEEFIRE T 1~3% LNILTITHNTWD, HLEINEREEN
HDR5, NEEEE UTEBR UL "BEE - XOY—FE” [CRENH D "1D---FTROEBREENIY DR URSE—4EER (BEXEEHE
B) LHRT -RECAMBID /e &(CRBD, COMBOERE. (1) RBKICHED MBENRIFI—I DL HNBHIESTREZERLUBE/TZ. )5
HMEOTSARRRORENREDRRAEIE >Tc. DfINNCH D EEZS5ND,

*12); FOTSXVRREARRDBELSNCERERLBVE, DDTHELSNED. TNHBEBIFIEFIHER CREBRDFEIEIZE LTEDODN TERZ, LHLEFDEIE
FEMFCEDLST =95, EOTSAVRRDELHDNROLEEDECERT DI ENESHICAE D, {Hunfeldetal, 2008 (KFR) } HAR. BEE/ARD
=T k) BBZEHEIDEEZSND, CORHRICI TITRDIFRIERDUTEETH D, IO E. SHOBEHMICEEL VW EERDEHEEOLOT SV
RRH, RBILDEIRT 1 BFFICESHSN, ECT MBENRIIY—I T ZIToCRBOFHES A IUYA DI ZBILI U, ZLTCDEE, ZNETBEND Y —
KEDNE > CLVER A BRBEMAIN' KRB E VWS 1 BEOBEEACAN T (BEZS5RIY—H1AMIC) MBENRIF—I T~ Ut ---£EZS5ND, TR0
5, RRABRRBRENFE—D"RBES 1 IV A0V ETRS BIEUEELH D, DFD., BEHRADIO>TLBREOEODTSIVH, BEBERNIY—RFEERURE
M5 ES 5T, BURE (species) EES T EICEFBRERRL - EZBHKRUTWD, EBE. DD B. ovata P T sergeneti (SHE(LRIGRET TEBD O L — RICRINDID, Z
NSZEBEFPNRI Y —FETXRT D Z & [FHFARL,  (Dr. Arai, S., personal communication)



BR (& ZOEPHERRADES D SRBOECEREHNHABBEPRI Y —KDEHEDINTENERBVAARDNETH D, INXTIORNTE/HE
RIRBOECRESBHAFBEPONRNI Y —DENESFEEDSBVTEEZRERLTND, EEITNE BERAHLE (L5EEH) & LTLDHON,
RERFEESEPELRONEHIINGL, (1) BR) RBBXPEZHREDHL. ARFEZHNLROREDDERIEN. ZDHICIHECETBEROD
RBEHET DREDD D, ILEZEEDICRATH. RBROY VYTV VIBEZ LT (RERBBZRSL) . TULDNAY—H—ZRFK L. kR
RBOMEAENH SEFDEGFEEXT. LEHEEICSHBETRIBIDIDENDHSS,

et

PO SAVRREOHED/ZOHDS T ETREREMOEILE C BN UEEFEAELTOREDILREHECPRBREEZRIE L. BROAK
CRASNE (@) EtEE 8 { (1BR) BEFXREAPEEZEBRIMENE) | (SFHT D, FLECOTSIVERED/\A A ZP—D—AT,
BRRICEOTSAVAEEBROBIE>NNITEEZ, RROMEEIEELXZIHKITTEWE (&) SBEE 28 { (1BR) BEFEAPHREZLNRSLHK
=) } (TR RHT D,

Rfc. CZTBNUIEHARBUTOREAE S VBEZEAFEEFERE - MIBAEHERIVFEI v b (B BEFHEREMFAE) DX
FEDBESADMENBEAENETREICECERBIVEERY VY TILONELRBICX >THENILEDTH D EZ[MELT Do

(WARBE) PEIRIR. BAIRLE, BEET. U5 FTF. FHIBR. HR=E. SF/ELE. X/IGZ. Kim, S.-J. (BREFEKRTE) . BR-HEE. BW
X (BiRRPERFTA) « JIH—BBEF (KRFEFEHRRPN) « FHHB (RMEESESMARAN) . S8/K. XfRA. |Mek. B,
BIIZER. SM—FREF. VB, BIESX (UBEEXE) . PER (BIIERKE) . £A[ (8EKZE) . £BIR (KRAZ) . BEE (A
MERKS) . BERE (BRI L7HARM) ( JIIERE BRKE) . HAFE BFPKZF) . FE—FELHOF (EEERKT) . A+EAK
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