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WFEAEH
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. AbHEE KR BB [ T IE P - e
FE T

BORZ Lo~

o ABHRE K5 K7 B R R YE 7Bt - K7k
INF EIIP:‘

R PR

B AEHEIE R 7R e FE BRI A P - RFfe

BRERL 135

s o AL R SRR = 2 - R e AR
KA HA
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W FE 41 ]

2021 F4 H1H ~ 202243 H 31 H

EEDRYEd=;

VX XS R T HIERMONTND, O AEMI T AEREL T
~ X = DERIEECE > TEHERERZFOZENRMSh>2o55, ENICHAATH
V=BT, v =N TIASHERF S IV T D 7 LAY O FIED B B
W20 EOREIMANFRE D, RLFEMIE T, 27 LAEREDOF TH
Spiroplasma HWF5ExtGC, <& =N TOMERF ARTEANT =X LD Z B EL
7oo FRIC, ZNVETOMRICIO ARSI, % = (KN TOEE B LUK RO T8
PEZOWT, A F PER IR BIRIZE B 2 — DA F VY — 2% EH L, MREELT-,

MRREELDBEICSBELT, 2 FiFED Spiroplasma 53 BERk % BRIz,
Spiroplasma ixodetis (strain 135) (%, Ixodes monospinosus 7)>0 3 714 =il jg
(ISE6) Z HWTH L2t T, [Mflaz MW ThEEL ., BREKREET,
Spiroplasma mirum(strain Q35) 3. Ixodes paviovsky />0 ISE6 #ifadz HVNTh
HEL , SP4 MEHI G RS HA T TR OB 21TV R R R 21572, BaRESEBRIZIL,
PBS HfERE, PUAEWE (= 00) SEfiEE, S, ixodetis HEfERE (4 BE K- MR HEGE
+— PUAEWE) . S mirum HEFERE (4 B K- SIEEERE - PUEMERIN O&EF
10 BED L e HEfiF LT, &8 25 [EIR D7 2 N7 T~ 4 = (i i AiF 2 AR B RR) il =
(L, v A7aAr Y= a ARV ER AT ol #ifitk ~ 4 =3, DEMSEL
7T~ M FRERIMHEL , PEIFEAE T E L CERINL 7=, Spiroplasma DiaHE

I, FEEY PCR ZHWCERELT-, AT, S. ixodetis D A SRIEIBHHILD
Ixodes ovatus ZEPAMREEL Wi a2,
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[ Spiroplasma BFEIZ LD~ H = ~D i 4]

2 fE Spiroplasma %HFELT=7 X N7 T~ =@ REEIRHR (JPE &/l A EH) IO
WA = bR R HLT-, PBS o ha— LREL LG L C, & CORERRRE CH B/ EDN
BERIOMMEROK FIZFED L2072 (3 1),

[ Spiroplasma DINF LN H = ~DAGFERENT]

K fu i~ =D EEIFLI IR B LOWH b shZ =% 10 fE{A~7—/L LT DNA ZHhHiL,
PCR 12XV Spiroplasma OF % iR FrT-, T DOFER. S, ixodetis % &R £ (5X 1011
RMEAR) CHREL72BEO —EH OEA T, IR X USh& =025 Spiroplasma D3RS
7= (#1),

1. Spiroplasma BFE7 2 N7~ 2 =2 B1TF D0 M aBR O R H

— N ES/am - Spiroplasma Pt Sp/tz?/asma 1k
*E gp R =
PBS 451 84.8 0/6 0/6
PBS + penicillin 44.9 76.4 or7 o7
S. mirum ({&;BE) 51.1 824 or7 or7
S. mirum (SBE) 492 76.7 0/7 or7
S. mirum (&2 ) + penicillin ~ 50.3 66.1 0/6 0/6
S. mirum (FRE) + penicillin ~ 39.3 61.8 07 0/7
S. ixodetis ({EEE) 459 81.7 017 017
S. ixodetis (BimE) 38.3 71.7 217 217
S. ixodetis ({&J2E) + penicillin  46.6 80.4 0/6 0/6
S. ixodetis (BiRE) + penicillin  46.9 86.5 1/3 1/3

[ ovatus \ZB\}5 Spiroplasma {=HEHHAT]

WEDOWFETEFRIZ S, ixodetis A THIENBILTND L ovatus ZF2ERY)
W FRBR AL L IS D Spiroplasma i %57, 2 DfE R 1FE 100%DOE K
C Spiroplasma DIGFE D HEGRINTZ,

[FLdlE5E]

INETX=WREATD Spiroplasma NEDIHIZEMN TIEHE  HERFSIL WD
WA T2, RILFRFTRICED . Spiroplasma % &FRIRA 95 I ovatus
WZBWTCL, SR CRERFEDE DLW TEBRIICGEAINZ, F/2. S. ixo-
detis \ZBW L, IRERDBLT XN TF < = ~IKENARTE LY DT LD RS T,

Hx O EDOWIRIZENT, ENO~F =M A 35 Spiroplasma DiEfn1H%
FARIZLZANFEAE DB FTINIIE E~F =FfEOMBANEL, BEARE L - THE
FFSI QWA I EWRER Sz, — T, [Fl—® Spiroplasma i&fs TN R D~ =
FEE THRESNDEFILHY  ZOERICHOWTIIRATH- 72, AELFRFFEICLY,
Spiroplasma DKFARFED FTREMEDN RINTZZED D, BRFUCEBIT HIEFHEAT =K L
FREA~D % N L7 b EHIRFTED,

Spiroplasma %, —EBOHE B IV THIFARHIE O EZ RO ZEEDN B
THRY, KGR RAE AR~ =28 T 5ZF ORREMENT 2D 721,

AbHEIE K K ] B GYE e A

/N7 B Studies on genetic diversity and transmission dynamics of Spiro-
plasmain ixodid ticks (% =\Z331F% Spiroplasma DIEEHIZARIELARTEENREIZBE
T HHZE)
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IR & ERF R Rttt & — LRI EREF

202245 H 23 H

PRIE S| 2021-3:[F-2
. - . SRR 2 —
72 37 RN Z= 3 ES
hF4E S P RS e ] NS R 2 wall |/
WFZE AR R4 "V T TR 5 WEZ L R ERED R EIba s R T EOFE B AR T
37
(;‘”” ;2 TR 0 5+
PRERE ZUHE 7K
s f;?a B R B R 2%
LY oA _ . L -
5[] v r—t.ﬁ ey,
P B R B SR Bh 2
‘:% L;;; RS KRBT R Kb
Wity
I R IR P I S R
il X
ol 202144 H1H ~ 202243 H 31 H
HMNIC BT DT R —DEAS THHIN NI T, BEEAYORBZOME
BEUII AR A RISA N T AT THD, ITH b RIT O a7 &B e L THhiv AV A
HAR IR BT DT T 74— L E U THERENN S H S CVVD, ZNVETIRFEEF L, b=
VRUTEN LI AV A B RGIEIZDONWT— B LI 5e a2t | F 04 B 72 BB
ZAtt FUZHE BRI TSI L CTE 7= (Sei. Signal. 2009, 2011; PNAS 2013; Nat. Com-
H- R mun. 2014, 2019, 2020; Sci. Rep. 2017 ; iScience 2019, 2020 ; JBC 2020)
RS

AWFFED BHIE, bV 7 I X< HBIERLTE ERNTOINa U RUTRED L7
BRI, T2 OBEOX L R E B U T Bz 7o EAERICBIL TSR0 iz
BDHZEIZHY, ZNETIT T CTEIPIT AV A B RGO HFZE & 0 Hh i a8 o FE S 2 5
D2 LIchD, T TR T, hMY 7T XA~ N EYSHIN ToW 1% GRA
TN —=Z U RTEROINa LRI T ~O IR BT DA L0 L OSHIRL A4 5197
fiENT A2 TN To T,
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N OHFFET — DX DS BTl 2 A7 1T RO 7T X< (TG L7/ ia N
WCBWT—HOEEINTLRUT B AREDIZEED ., R R BEAERANMTON
TWDER DML I LIRS T D (PLoS Biol. 2014), DA EF#R%E
A9 D702 ABFFETIXLL F D X7 FEBR A T2,

1) PE)IBFZe SR CHERIS N N 7T R~ 47 ) AOFIEE 7 (GRA 773 —) &2
0—= 7 U BT A7) — (FLAG 27 f+N) Z W LB iE (HeLa) (2385 735
AL, ZNDIBHIRN DI RUT IR REZ o Ye ik (Bt COX IV) 12 THLZE LT,
2) bit, 7T AIREMRLE MG (HEK293) ICb o 27 2o ar L, BEHILY
ra RUT 53 liaATV Sha RUT 5y 27 =A% 7y bk (BT FLAG) IZX0fiEfT L
77

3) EREDOEBRIZED ST RUT ~DFTEDR /RS GRA Z U3V E DL EFR Bk
(HEK293) Z#3 L7z, ZDOBIZIZZ 7 LT, Mye #7% =,

4) BISTUTo R B R BlR A T, S IR R ZBRA TV GRA U "7 EEF BAER
BRI IR R LT,

P IAFZE R RIS U2 3 17 fiE O GRA & s+ (FLAG #27°44) % HeLa #ll
REVZE AL, g Ye i iklzrn, BBL7-4% GRA X2 3 7Eg ORI R ERNT 21T -
720 TORER . GRAS K1 GRA25 IZB W TRIBEZRIha L RUT ~D S E D HER TE T2,

KIZ, GRAS }2 TN GRA25 DR BLFFAINAZNZ 1V HEK293 Ml ~N7 2 A7 =7
varl, ZO®BRICHIENOINa RT3l ZEITV), B35 -Iha s R Tl 4327 =&
s 7ayhE (B FLAG) [ZEOFENT LU=, ZOFER . GRA25 2B W TIHIER 2@ E
B CIFRUTH T HEL TSI EBBNI /57— T, GRA8 137 BLENE
FUTE LT <RSI Z L 7B F 9 D Z < S E HIZAFTEL T e, LA
EOFERNS, MY 7T X~D GRA25 135 ENIMa U R T @m0 E it R4 2808
RSN, ZZ T, GRA25 DFEMZRIMaL RUT RfERER AT 57012, ZDZ L8
7'E 12 Mye Z U R Z AR O 22 E 58 Btk A HEK293 Ml TRISZ LT, BisrL7e
LEFRBIIT, GRA25 ZFREBLIL TODLUAMIFHIREMa~DE BT A LTI,
RS o b — VR S KT Ao T2, RIS, 2O EFRBIME VT GRA25
AR EAER T 20 FMIRAN YRR T, EERTIEEL T, SELREREE W
TATW a2 HT Myce HUAZIRINL ., Protein G 74— ARG IZ CIHLou ik
M2 MR LT, T ORE R BHEOINa RUTHMES L RGN CWAZ N T aT
F— BEHTICE VBN o7, BIEIL, GRA25 Z KB LT/ R A ERLP T
0. S %ITFORBAFNTG 5D THHFREZED D T E Th D,

WFER R D
¥ k£

AR, FRICRL,
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HADIG TZITL

S NRGHENTIERT AR - =R
=S

)

MU 827
& 5

W ER RS B F A4 U 5 B

T ZHnH A5

B K 4 K TEHEMR — WG AR
S I8 R B K5 FERERRATA A— 7 W IR = - 0%

T LAVWEA)

o oy | EREREAER A 5 — i

W FE 41 ]

2021 F4 H1H ~ 202243 H 31 H

EESRCig=

~ZU7 R AT, FEEE R ARG BR - A I B 2 R D = — VA Bl D B
B ThHD, RWFFETIL, ZO~FV T R B DOFRNBIZAT — 2 OB GE ] ARIR 231
DINERA NI XTI ELO AN =K LEHLNICTHIEE B, EHRAA T — LN
DA E - BMEL(FIB-SEM) 2 HL . AT LIFNAL~ZU 7 i O A VT 37 =
WRICAEIE RN 23k D, EH T2~ ZV 7 R HIE, HEEE OABEIT/ERIZ B L= wT
b ~Z07 i H Plasmodium cynomolgi(Pcy-GFP) LRIt L X AI~Z U7 il
Pberghei (Pb-mChe) k& F L, B8 AFHIIRZ V72 in vitro &Y SEBR RIZ LD FHEE
LIzt 7 TR FRFENT 21T,

FEL TV E 2 OB R B PE R TOERFEOITH A bEIT, Hiflaary
AIVABIEIZEN AU T A DI TN 2247572 (2022 4= 2 H), WFRIZREL T,
B2 EmR Y IZHAT 32 Pb-mChe DOFATIAT — 28 1T A 5EE
WAV T R TR D = IR STAEIERENT 358 T L, A %1%, B R o il oA v 77
AT 1E % [FAROFEAT TGN, I IS 1T D4V 1 1T D3 - HEFHFEAE DY
FRIRBESRATO T IE T D £7-. Pey-GFP &L BRI Th BT ez Hli@mnic
WFFEITHE 2 Pey-GFP &Y\~ X T NHAREY A MBS 32 LT L, 2D AR
0 A8 AN TH L ~Z U7 JE O FFNI R T — 2 BT D5 - RIREA O /ERL (in
vitro) N5E T L= BAE, 2SR HiX, FIB-SEM fEMTICHET: , NERA LT R THEE D
AT ZAT > CUND,
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1. "HE{ERAI<FYT7EHE Pb-mChe @ FIB-SEM fi##T

mCherry ZEE LR AI<ZU 7 Pb-mChe ¥z~ AT, @G 4
INTH T I WL JE G S MR AR B L, ARE A (SPZ) & KEIZGHZE K
7o B L7 SPZ 1%, £58 AT iE Huh7 ~Eest, BRI O HT-2 48 FEf
% (AR O I B AME 2 (253 AT HE D ICEEL, R — W — 8 LB s 2 H

T mCherry ¥ 7 T /VIDOIEHERDNIE | (@1 pb-mehe FAmOEI & B A2 15 5 Wk

DY EEAT T, D%, V7 /WILE R e e R
%Eﬁ?%fﬁ%mb\f%ﬁﬁb ﬁﬁjﬁgﬁ”ﬁfﬁ 7_ E—HF & AT AR & BF R RAuwT L, MW (SUUECEE (Rt 1% =SR2 55 p
IVELNT B OFE B A 155 T Tk
CLEM ik ( Correlative light and
electron microscopy) % M\ T FIB-
SEM T AT o7, 5017 EEH D
R 7 =200, JR B ONEA VT
THEIED 3D LANEITHEDY | HEFEREC

—
%fﬁ@ BB A LA FTO F kT — T w—
D —WEAERT B L kT el
[1X 1],
2. ®WHLYN~=FY 7 EH Pcy-GFP @ FIB-SEM f##T
Pb-mChe IEH%LC‘ PCy_GFP HE%T [E2] Pcy-GFP AFAZI(E5EHA - (RIRER) DERER
jjbi—yi/waizg%éﬁ\ f#boniz SPZ % GFPERY A7 > U PR (Pey-GFP) Bits BE&OIEHIFMI : in vitro
B AT ~ e s, SRS L —F >
—HOCEREE A VLT GFP v/ u
DB RN E DO EEITo T2, B
DFEEDG GFP O 7 F R R EL
SAETE AR DN TR BAVIZ R R (HEFE ) &
GFP O 7 F D /NS0 E d (IRIR
) e Ho k- 2], 3]
16, SO UL BT BT AT
#lz2 . CLEM #:% /= FIB-SEM ﬁﬁrﬁﬁfﬂf&%é
2FR
1. OFRAERY. JIAR., AHZE B8, /IR, PR B E T AR —. Zilifk
[ FIB-SEM fi#hr e~ 7V 7 Ji MNERA VA 2T REE ORI | 55 44 [8] B A
AT (FRE:2021 412 A)
2. OFRAERW . JIER., A HZE—E, /IMRZZ W, P h L AR —, Ktk E 1
BASEE 3D HEIEMREAT 2 =~ T U 7R DAV 274y Bl O A 1 45 5 [0 H
FERLF D A A4 (JAMSTEC -4 542:2021 4 11 A)
W XK 3. ORI INER., A HFE—/ IRZZM, TR HRE T A —, ZRETE T

BAMSEE = IR A& RN 2 N e~ T 7 SR N L AT R & OfiR B ) 2 80 (Al
HAR A RS R H ARSI S (B R - A F742:2021 # 10 A)

4, OFRAERW G, A HZE—ES, /IMRZZ W, Pl A —, KiitdE 1
PEISEE 3D MWEMEHTE o~ TV T R DA — U AN - k% 5y SR O fiF A | 55
90 [A] A AFERFEEEERE AL TA42:2021 4 4 H)

SH H5EEARLEEYFES EFEHFRERE (JAMSTEC:2021 4 11 A)
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2021 F4 H1H ~ 202243 H 31 H

EESRCig=

B RE D BARBIEHTIF 22\ Lo CTENM I CH A — b7 7 ¥ — iR D FEAf 23 &

MZSNTET, il RACEBEAY THHRN Y 7T X2 ONThH, Shar RU T HERF
SOOI FN A — T 7 — OB B RIB I TWDH, LA 8 — A4
MEDIENINEL ZOFEMITIAY THD, AT TIX, HEEH DHBAFE L 7o SRR -
B SIWL 7V IEB L O B BAMEEHAIN A BE L MY 7 I X~ DA — 7 7=
Y — DO IE B L O ENEZ BT DR E IR E T 52 LRI EL . SHITHERL
THIRER T DR EEATY, TORFNFEDX | JRHIZBITDA — 7 7V — O REfR
HE BT,

IMC amm IMC MR

A 1 AU - BRI L ) i (QF- | e
FRL) 512 L > T/ U aY LIS E D — > ThhHHEAT 7 /
F Uk (PtdSer) D JHTEAMRFTL ., YL ) DR
Toxoplasma gondii ® RH ¥k &I 11 DK\ PLK #£
R CIEVNOHLZEEZHONZLIZ (K 1 O4anA
K)o, ABFZECIL, HEEERIL- T gondil % HLAKIKAE

HAOVITEY LTI A — T 7 —HERETO
PtdIns(3)P DOE&HSI AT DIFRENTEAT /2 ~T-, LN
O, FEREH DV IR R ML TRl I ik
B EEZ LA — 7 7T — AOTFEARIIIREIC CTERD T, S RIFSOICERIRE
BT HZEIENA— T 7Y —ATO PtdIns(3)P D RBEERFTTAHTEICLTWD,

E1. rFYTFSIT (RHE) RELBTFBFAT 7 F I Y OBE
Scale bar: 500 nm
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& IINEE OBMBTEEZONCTHIED, R E OFREZ M]3 570 12 ZH T
BHEBZ, EDTODFIEFRFITIE LU TE T2, 2O/ S, 20l - w3 HkrL >
T iEiE (QF-FRL: Quick Freezing & Freeze-fracture Labeling) |24~ CHEIEE %
Fr TR D2 EM A RE T A Z LA m LT, AP TlE, 2@ QF-FRL {EZ2 5
ZEIZED . T gondii \ITBWTIZUERIVIRE D D THLIHRAT7F U LEBI
(PtdSer) DIl o3 A 2 NI LIZ (K1) o T gondii 1233 T RH Bk LU PLK #RE
HiZ, PtdSer [THIAEME, inner membrane complex (IMCFEDAEDONEE, FAEELE
IZIFENHER TED, WTNOBEICB W THNED T RZOEEIXE LD TH-
720 LSRG, IMC OWETIE, PtdSer iﬂ% IRETHLOD, NEEIZITAFEE
L7aho7z, RH #E PLK BEZ L7256 WM OBRIZB W L NEICRETS
PtdSer DEEIZEITRONRDSTb DD, %%’C X RH #%D 57 PLK #EEDH A

EWHEDTH-7-, RH #i& PLK #ED1E Flla ~DE Y% b ~7- 4. RH D
jib)ml/\ ERREZIILTCND, ZDOZEND, T, gondii DAAKIED PtdSer DR HL &)
FDREGI N QDI EDVRIBES T, 512, T, gondii Tlix PtdSer 73 IMC fi&
DI TIINEEIAFIEL RN ZEM D, IMC

Ptdins(3)P HETET BN 7 )L

DONPELIMEEDORIIZ PtdSer OILE A1)
FATHNDOFREDRFAET HIEARIEI
7

FLARWETIEL, BHEERBRLE T
gondii DFIBANIZEITD PI(3)P DSy
fiz a2 EITB L2 (X 2), Lo
L7235, BLERIR BEH DV T E M AL IZ LY
F—hT 7 —iFE LTI T gondii |2
BWTH ., BEEH AT RS ST
BIESNTAR ZEEEEE LA — T 7
2V — LD HITIMEICBIEE T HZ LI T
7pinolo, S%ITA— T 7Y —HE 1T
FMERFIEATO, AT 73— LR
DBIEETEDHIH)TELTEY, FRFIC
PL(3)P DI 5345 DFENTAAT,

2. bRV TS ITREOMEIATO Ptdins(3)P DEE (BREER)

/NPT [ 6, 8 EEER T B4 ERE BRI —, e EBREE v iceh
MYy 7T X< RIS BT DR AT 7 F LU ORHIRLE. 45 95 [l H
ARAAL RS, 4R, 2022 411 H 9 A (T7E).
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IR & ERF R Rttt & — LRI EREF

202246 H 6 H

BARE 5 2021-#:[7]-5
. B SRR 2 —
RFZEER Y e 5 A 5T P A R4 25 I #
] R al—arhov itk
oI H
DRI A COBRIBINT T |57 R 5 7 O MR S
P 0 5
e 2 R
L AeEE Ko NBR A8 G E BE L [RIAF R T - Bh 2
7=
iRk
S ST R RIS —
gl E=3'd
il 202144 A1 H ~ 202243 H 31 H
I 7T X< [ ORISR T KB 72 O Tl 8 KD B PR AL
TNDZEVITFHESITND, IR DOMERFZ o432 )R BRI % [ & LYEH
2B 22 &3, IR O HERR SR FE (250 AL CRMRIE Y & il 32 k2o
A - RN D, — I MY T T DG BRI I\ T IR YL AL - HERF O e #4702 AR
T ECH BN Y AN~ AE KR IR KX IR YR T B IR
K DFEMT 215 1T TN D, Foex 1T I R R IO A FF o 7o i h LB AR oD
HEGENE: D 72 B A [F]—~ 7 AR CRHMEE 32 Z S L0 n T REZ RN 95 FIE O SL
ZHIEL,
DR RSEE T AR RAY 2 L — 2> AR TR
CRISPR/Cas9 % FuTZ Bs A Xju7- it U [ 2 SRR B TR S22 R DffENL %
AT, MY T IR BIZBN T 720 B CAERE A4 32819 % donor oligo ™
SRR A FE LT, NIV AT =72 a %\ ) ARENS T A SR AR L A
s BRARE 2L —2ar B IR CE ORI OG5 LT,
HFZEREE D R . o L . .
o m ONGS IZEARE 2L — 5 B FIEOMEST

WA — o —(NGS) & VT, B BARE B AR E DIRGEMIZHEIT AR =
L—ar BHEE T D FIEOMSL AR AT, T ET L ELT TgGP EinFich AL b
EEEL LU KO B RAE AL 2 BEOIREGER D in vitro 55 OY 7V EFIHL
720 MERDT=ONTS /2 DNA ZEHRIL, 28 SNP A& A HiEL NGS sy
KO ZBROE|ISEfRIT U,
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OE B s TR AR 2L — g fi FIEOMEST

7 MR EE T HN Y T T A R OFEE L T RIE G EBR R ML T D Pru
A ku80 A hxgprt #%7% 38 AL(Dr. David Bzik J0FF Al 215 Tl A 55 2E K 52060 ) 1| Bz &
05y 5-%%1H2), — DD T TAIRIZ Cas9:gRNAGEIR~— 1 —Z 858 LIz =
N 7RBLOH A4 DRSO HEH DNA K — A G b TERAELIE TR ~NEAL
7. Cas9 2K HEALOEPH 100bp DR —Z WAL T, Bin 8 A% DA
IR 1~2 T 9 B2 7= BRI E R NEA SN TN EEMERR LT, ST L72%
ERWTT I~ F o REHCBEDS 6 #Eis 1 (TgGP/ TgGWD/ TgPPDK/ Amy1/
Amy?2/ D-enzyme) D4 CIZOWT KO B HAE AT HZ LTI,

@ONGS IZLARE 2L — L g B FE O

TgGP @ KO ZRH LT ALV U NE BPNEASNIIRAEF DR 2L —aHE
Ba NGS 2 W T LI2E2A., in vitro TOMREIFIZILT T KO 28 Bk E| &
DA LT, BRI T TGP M E RSSO G MEIZE 5- L CWDZENH
Lt TpoT,

L SN ARE 2L —a B RIEE VT IBIRIBGDIRIED ~ T ZAD I H15 51
TV TN OfENT D T2, TgGP O MRS B4 A S - i B AR OIR S
Mz RERENIC B 5%, Bt 1 DA B OBGEG~ 7 A0 DRI L7z R CrEiE A
75 IR R AR R R SRR B AFEAEL TV DI LT k% 3 /v H B ClRig s
B B OEIG NEEINL TODE AN A DIV, B AER R d 228 BRI oL MR iz S
WTCR—DOEBRBEO I THL~T AT LIZIEL D&M AT, 125D FIKEL TN
FARA~F RSB AT T DB B O BB IAEN TOD IR ML Ry 70 B | 25215 C
WHZENETHND, 5% ITHRGTHFHROHEZCL TRV Ry 7 &8 50
SR BB b LU 5~ U ZADEIREATE 03 72 8L T K0 AR R
DR 2L —a W ZBIE T2 T ETh D,

FrRo s HRL
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IR & ERF R Rttt & — LRI EREF

202245 H 12 H

BIRNTE = 2021-#:[7-6
. L JR RS —
PASRvA Yu ASRvA S |
HFFEER Y TG0 E I A P oAy St [ 0 % 2 HigE 2ln]
WFERRE4, W =) F BT/ I T ANLDT AN T~ = DIRFE AL B AE T B
(;‘W;‘Z TR 555 T
e o
R JE VR e IR B R 52 - 0%
AR E
e p | WEEERERR C y—
ol 202144 H1H ~ 202243 H 31 H
X =L TED A AE BRI S 8D O - W IZHY . kIS {LEY
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Pathogenicity of the buffalo malaria parasites
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Name: Masahito Asada
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4. Research period (in mm/dd/yyyy, and total number of years)
April 1, 2021-March 31, 2022 (1-year continuing project)

5. Purposes and objectives
This study aimed to study on pathogenicity of Plasmodium bubalis infection in buffalo calves and its

vector.

6. Outline of research process

We carried out several surveys in Thailand i) from Asian water buffaloes in smallholder farms in
Nakhon Ratchasima in December 2019 (n = 22); ii) from Murrah dairy buffaloes in Chachoengsao in
June 2020 (n = 45); iii) in November 2021 (n = 45) and iv) from Asian water buffaloes in smallholder
farms in Nan in December 2020 (n = 65). All blood samples (n=177) were collected from the jugular
vein of buffaloes and kept in ACD tubes. DNA samples from buffalo blood underwent nested PCR
screening for Plasmodium using primers DW2 and DW4 targeting cytochrome b (cytb) gene as the
outer primers and NCYBINF and NCYBINR for the inner primers. Subsequently, Plasmodium-positive
samples were further confirmed using primer sets targeting the cytochrome c oxidase subunit 1 (cox1)
and 18S ribosomal RNA (18S) genes.

Naturally infected buffalo, which has already been confirmed by microscopic examination and mo-
lecular diagnostic, was followed up for 14 consecutive days. Afterward, the infected buffalo was moni-
tored weekly until day 56. During the observation period, the following data were collected: body tem-
perature, clinical signs, anemia, and appetite. Every day for 14 consecutive days, one ml of blood

samples was drawn from the jugular vein and kept in a tube containing ACD solution (two infected

94



buffaloes). Blood samples from infected buffaloes were examined by nested PCR and qPCR for each
day. Parasite burden was measured by real-time quantitative PCR. Real-time quantitative PCR
(QPCR) was performed using PbubCox1-F32 and PbubCox1-4B3 primers. Parasitemia levels
were counted from thin blood smears under a microscope.

A total of 1,652 female mosquitoes were collected from two sampling sites Chachoengsao (n =
1,571) and Ratchaburi (n = 81) (Table 5). Anopheline mosquitoes and non-Anopheline mosquitoes
were screened for the presence of malaria parasites. Adult female mosquitoes were grouped based
on their morphology. A total of 268 female mosquitoes (214 Anopheles spp., 24 Culex spp., 24 Aedes
spp., and 6 Mansonia spp.) were examined. Among 214 Anopheles spp., 133 were collected from a
buffalo farm where concurrently water buffalo samples were shown to be P. bubalis positive). Anophe-
line mosquitoes were carefully dissected within three days after collection to obtain the salivary glands
of each mosquito. Mosquito pools were made (head and thorax including dissected salivary glands)
following morphological identification and were subsequently confirmed by molecular identification.
Each pool was made up of one to three mosquitoes from the same groups depending on sample avail-
ability. DNA samples extracted from mosquitoes were subjected to PCR screening for P. bubalis based
on cytb, cox1, and 18S rRNA genes. Plasmodium’s-positive samples that underwent PCR confirmation
were subsequently subjected to sequencing. Anopheline mosquito species were conducted by se-
quencing the PCR products targeting cox1, cytochrome ¢ oxidase subunit 2 (cox2), and internal tran-

scribed spacer 2 (ITS2) markers.

7. Outline of research achievements

7.1 Detection of malaria parasite in blood samples

A total of 177 buffalo blood samples were collected and underwent screening for P. bubalis infection.
We found that 2 out of 45 buffaloes in Chachoengsao collected in 2020 (THBuff20_37 and
THBuff20_39) tested positive for the malaria parasite from day 1 after observation until day 49, being
undetected. Parasite burden was measured by real-time quantitative PCR. Parasite burden in both
buffaloes was detected as low as 15 x 10* copies per microliter of blood sample until day 28, as shown
in Figure 1. Co-infection was detected in both infected buffaloes. Theileria sp. and Anaplasma sp. were
detected in THBuff20_37, while THBuff20_39 was co-infected with Theileria sp only. All co-infection
were tested by PCR using published primers PanPiroF1 and PanPiroR1 for piroplasma infection and
EhrliAnaplas16SR5U-EhrliAnaplas16SR3U/ EhrliAnaplas16FWD-EhrliAnaplas16REV for Anaplasma
infection. We recorded that the buffalo which were infected by P. bubalis had no symptoms. Body
temperature in both infected buffaloes showed no significant deviation from normal ranges during the
observation period (Figure 2). During the infection, the trophozoite stage was predominated. Evaluation
of parasitemia levels Giemsa-stained blood smears were recorded as low parasitemia (<0.01-0.09%)

for 14 consecutive days.
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Figure 1. Malaria parasite’s copy number measured by qPCR in buffalo during the ob-
servation period (a) THBuff20_37, (b) THBuff20_39
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Figure 2. Body temperature malaria-infected buffaloes during observation period (a)
THBuff20_37, (b) THBuff20_39. Blue and orange lines indicate the observed tempera-
ture in the morning and evening, respectively.

7.2 Morphological identification of mosquitoes’ samples

Among collected mosquitoes, anopheline mosquitoes accounted for 13.01%, 70.94% for Culex spp.,
12.41% for Aedes spp., 0.36% for Mansonia spp., and 3.27% were unidentifiable due to body part’s
destruction. Among 214 identified anopheline mosquitoes, nine different Anopheles spp. were identi-
fied belonging to Barbirostris, Hyrcanus, Funestus, Ludlowae, and Jamesii groups. An. peditaeniatus,
which is a member of the Hyrcanus group, was predominant in the buffalo farm in Chachoengsao,
while An. aconitus was the most common mosquito on the Ratchaburi buffalo farm, as depicted in

Figure 3.
Mansonia spp. m " Unidentified mosquito 40 LT
(0.36%) (3.27%) = 35 I
‘f::;i’p- —— u Anopheles spp. o
{12.41%) (13.01%) 2 e
320 T
2 15 Ludlowe
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* & & B © & o & &
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K e'sb ¢ o o L # w s“'\*é
® Culex spp. W ¥ © 8 p"q
(70.94%)
Species

Figure 3. Chartillustrating the number of mosquitoes, according to morphological iden-
tification. (a) Percentages of each genus collected in this study as shown above. (b)
Anopheles mosquitoes collected from buffalo farms based on group and species.
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7.3 Molecular identification of anopheline mosquitoes

Among collected anopheline mosquitoes, 128 (59.81%) were selected for DNA extraction, which
was made up of 102 pools per species depending on the availability of mosquitoes (1-3 individuals per
pool). The number of each pool was subjected for sequencing and the results as follows: An.
wejchoochotei/An. campestris (n = 35, 23 pools), An. peditaeniatus (n = 80, 46 pools), An. vagus (n =
14, 7 pools), An. varuna (n = 1, 1 pool), An. pseudojamesi (n = 2, 1 pool), An. saeungae (n = 3, 3 pools),

An. pursati (n = 12, 12 pool), and An. aconitus (n = 66, 8 pools) An. sinensis (n = 1, 1 pool) (Table 1).

Table 1. Summary of P. bubalis’s PCR screening results of anopheline mosquitoes

collected from the buffalo farm

No. of positive No. of pools se-
No. pools quenced for mosquito
Sampling No.
Group of genes and
sites collected 18S
pools cytb coxl determined species
rRNA
name
Chachoengsao Barbirostris 35 23 2 2 2 17 (An. wejchoochotei
or An. campestris)
Hyrcanus 80 46 1 1 1 15 (An. peditaeniatus),
1 1 0 0 0 1 (An. sinensis)
Funestus 1 1 0 0 0 1 (An. varuna)
Ludlowae 14 7 0 0 0 6 (An. vagus)
Jamesii 2 1 0 0 0 1 (An. pseudojamesi)
Ratchaburi Barbirostris 3 3 0 0 0 1 (An. saeungae)
Hyrcanus 12 12 0 0 0 5 (An. pursati)
Funestus 66 8 0 0 0 8 (An. aconitus)
Total 214 102 3 3 3 55

7.4 Molecular detection of P. bubalis in mosquito samples

Out of 79 pools of anopheline mosquitoes originating from Chachoengsao, three pools were
PCR positive for Plasmodium. These samples were An. wejchoochotei/An. campestris (IDs
THMosqBuff20_P6_3, THMosqBuff20_P8_2), and An. peditaeniatus (ID THMosqBuff20_P20_3)
(Table 6). The MIR (%) was calculated at 5.7 (0.015-0.186) in An. wejchoochotei/An. campestris
and 1.9 (0.003-0.101) in An. peditaeniatus (Table 2). None of the 54 non-anopheline mosquitoes

from the buffalo farm were PCR positive for Plasmodium.
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Table 2. Minimum infection rates of Plasmodium bubalis from collected mosquitoes

Species Total no. Pool size No. tested No. MIR (%)
mosquitoes (range) positive  (95%, Cl)
pools
An. campestrisor 35 1-3 35 2 5.7(0.015-0.186)

wejchoochotei

An. peditaeniatus 80 1-3 52 1 1.9(0.003-0.101)

8. Publication of research achievements

Nugraheni YR, Arnuphapprasert A, Nguyen TT, Narapakdeesakul D, Nguyen HLA, Poofery
J, Kaneko O, Asada M and Kaewthamasorn M 2022. Myzorhynchus series of Anopheles
mosquitoes as potential vectors of Plasmodium bubalis in Thailand. Sci Rep. 12(1): 5747.
https://doi.org/10.1038/s41598-022-09686-9
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7o O —RIBIREE DY —REZFREL, 7V—2U—F (U—F%1:102,279,784)
EERLTZ, 22— U —R&ET7 R 7O AL, 8895 DL T 47 R4 LT-
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7 ) BB BRI IR 2AT o 1o 2l D | MEE 2L Z R CERD ST AIREMER B 25
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eNRIMEREIE. B, microti DYEHIC-OWTIX, SCID U ADFRIMEKAZENRIMERIZ
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WFERCF D
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RNAseq Ot ., 4 3781 &1, 93 BA&F72° 8 fifLh O IER p fEAY 0.05
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Table 1

gene ID

baseMean Log2 FC padj

annotation

BBOV_IV005660
BBOV_IV003790
BBOV_I11000050
BBOV_I1V002830
BBOV_IV003840
BBOV_111006480
BBOV_I11006230
BBOV_I11006220
BBOV_I11006330
BBOV_VI000020
BBOV_1005060

BBOV_1003000

2491.1
17.1
44115
1031.4
9.7

8.6

8.5

1.1
595
88.3
242
119.1

7.0
6.3
6.1
5.6
55
5.3
5.3
-4.8
4.2
3.9
3.7
3.7

3.3E-288 variant erythrocyte surface antigen-1, alpha subunit
3.26E-08 ATP binding family protein
NA SmORF
0.003809 variant erythrocyte surface antigen-1, beta subunit
5.88E-06 ATP binding family protein, putative
3.35E-05 Spherical Body Protein 2 truncated copy 8
2.09E-05 uracil-DNA glycosylase family protein
0.103083 RNA recognition motif domaining containing protein
5.27E-16 YT521-B-like family protein
1.02E-10 cytochrome c oxidase subunit Il
2.24E-06 ubiquitin conjugating enzyme, putative

7.61E-25 merozoite surface antigen-2a2

additional ves and SmORF, mtm, and hypothesis protein have been omitted

Table 2

gene ID

baseMean Log?2 FC padj

annotation

BBOV_IV012100
BBOV_IV012090
BBOV_IV000100
BBOV_11000070
BBOV_11007760
BBOV_I1007770
BBOV_1001380
BBOV_IV000110
BBOV_111011920
BBOV_I11000060
BBOV_1001310
BBOV_[1000020
BBOV_11007800
BBOV_11007840
BBOV_I11001210
BBOV_I11001290
BBOV_111002360
BBOV_111011980
BBOV_IV000210
BBOV_IV000340
BBOV_IV012120
BBOV_11004200
BBOV_IV005630
BBOV_1001200
BBOV_I11000010
BBOV_I1V000020

8.9

0.9
84.7
59.5
44.1
356.4
0.1
520.1
1973.0
10087.1
0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0
52.8
0.2
140.7
232.9
3875.3
123.3

-7.1
-4.6
3.6
3.0
2.5
1.9
-1.7
1.7
1.7
-0.5
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
5.0
-3.2
2.3
2.1
-14
0.2

3.568E-08 mtmB
0.137791 mtmB
1.75E-20 mtmB
1.84E-13 mtmB
0.000433 mtmB
1.22E-22 mtmB
0.672433 mtmB
8.19E-16 mtmB
0.020318 mtmB
3.49E-07 mtmB
NA mtmA

NA mtmA

NA mtmA

NA mtmA

NA mtmA

NA mtmA

NA mtmA

NA mtmA

NA mtmA

NA mtmA

NA mtmA
0.4222 mtmA
NA mtmA
0.009274 mtmA
NA mtmA
0.896661 mtmA

103



! e IR el = _BC-od - B - Lok =
L B vy BRI okved o o + oerez 1Y W oerTe L < Ll o7 @ w:l n—::E .
[ oery B ceven onre I oeso B | ol - or N WMo crnll —
o] ornl W ceres e R oeray [ | = L2 LT | | ot ﬂm wnu S

cerzz @ s I wer@ el oFa R .w ey - et T e ) ﬂ ]

| erng =T o @ -ﬂh -mmn WMo el
mosrez ::I |
] E. ax pseo  zw  [rmee P psos };u !u_*_ Bx [s5e0 ek mie [Pk [reee |0k 2 H i
2574k 2576 kb i 25w 2,580 kb 2582k T
I | 1 | | ! I | 1 I | |

6H
5A
5F
8D

;( vesl-alpha | | vesl-beta )'[

104



A& ERF R AR 2 — R RREE

202246 H 2 H

AR 2021-3£[7]-10
. . » JE R 2 — .
Zer FRAT R pay m R A=be 2k
I ER YL SRR Y ) Z ¥
WFEER A4 "V T X< DT T T DFMETEA T =X LEBI AT TR 5T
i B B 5 B
ﬁ%ﬁ?&% FX7ZIZ T=oDY
e 2ot R era G =
R e g B2 RS20 A W L0 - 280
ey
T 7% e ey , NP S TR
. WIS G PE R TR R e 2 — B
]l 202144 H1H ~ 202243 H 31 H
SRR R RO 7 a7 T AR SCAERE & SR N D Z 13, BTHAIR B R or L hE7RY
2D, RTINS Y T T RA~E Rt R EL ., Z ORI 7 F VAR5 0% H
HR-8E | 9ET 5, MRS TR LR T8 6 TaRtREL., 7/ AREICHE S/ v
TONRBREVEL T2, TEHES =2y 277 I NRBROMIR | FRC 7 17T AR IE~D R
BT HIET, YikiE s T 070y T LHIRE~D % 52535,
"V 7T X< Mt BB n T A R L. T OB R EZV T /VZ AL PCR (2
TEETHILET, INLBEIn F AU BEE T2 Lo MRl T,
INDEGE /I TUNT 5120, Kilin+OFF R guide RNA Bl a+E AL
CRISPR/Cas9 ~/ 4% —#{EHIL  hrY 77X~ RH #RICE AL, L L, W
B o B FHIFEC KO TEeho7=Zeh 5, guide RNA O FaRFHI LD iR E 33 ANT
*;; ’i; INEED I H BB DR B EE — B S5 T avs4vat v v r7y

MEDENLSEEEE 2 BT,

~IVT AT TERSN W3 T gt )V /)y 7T UMETHS, glmS VAR
ALERHNZ AN FIEICER L, MY X< Th ATRENE D E B LT, Lol M
VT TR TIIARFERR D) EODRUWVATREMEAV RSN, aam T # CORBEHI RO 7=
O, BELEIIIA—L TOHFRDORLDEVIZ L LRI TEL 22572,

105




MR F D
B o

IZUOIZ MY 7T X< M fa st B & s A R R LTz, 7 —#X—2Z ToxoDB K&\,
T TICHRESNTWD I Y 7 I X< lifd SE B & a1 12 B 3% 3C (N1 Nyoman et
al., Apoptosis, 2013) %% |2, PDCD2. BI-1 X! ELMO1 (Z{EH L7z, Y7 TR
~ RH FRICHIBRSERE EERAI L L CTHBNDAZ T BARY TR, DG - D%
BEZITNZAL PCR ICTEEL-, TORER, WINOBEMLE BRI LANEDS
niz,

INOBIRFZ2 /7T INT 510 FBIEFORRE) guide RNA EFIZ4E AL
CRISPR/Cas9 ~7 4% —aH4E 1, Nucleofector 2b #HWCTE AL, LixL, BHID
27T I NRBRERDZENTEIR) -T2, WIT, AHRFHZ 2 H DL v 7T MNEZF
HEHBT, XU H—EHEZEL . ZE Nucleofector 2b & HVWCTE AL AN LD E
AT, UL, 8 EORRZTHL D 0L T, HIO /7T U NR M ZFGHZ LR TERD
27,

AN D A H B 5T DR &L — @I S5 BT, a7 vat
I T I NEDOWESI Z i I T2, glmS VAR YA AfLFI%E B i (s - #&1Ea R B AL E
THaALT 4 a N v T UMER IR T X~ T E i Al RENE I REET S B Y
T, BifE, EGFP EE1IZ glmS VAR A LESIZA LI DZ2 R BS LI T TAIN
EREEL, MY 7T~ RHMRICE A - /n—=27425Z LT, RH-EGFPgImS ¥k 1E
HEF ATz, LivL, B2 L7z RH-EGFPgImS #RI12, 2T 4 at v /oo 7o g ER
HTHDHIT N A% G EME~OBIFEELL T O 2 2R ETHRMLIEZLDOD,
EGFP OFRIAR FIZADNI2 0T, ZDT2h =TT 0N T CTHAE/R AT 4
TN I TINETHS glmS VARV ALEL, MY T IX<IT# 352 LIX N T
SO RSN, 5% I1E, MY T IX< T CICHMLSILTWD A —F v ih i
FruAEEREAL, Binfar T4 at o /v T NE RO Z BT,

72l

106




IR EER PR Rkt ga ko & — LRI &

202246 H 20 H

AR 2021-3[F]-11
- . . JR RIS 2 —
7o =1 % Ze ) —
ST Y [E] B A 2T Y oy [ 2% 2 FRE E
WA Bar-seq &\ 727 2 3O T R BJR N ZE B R T DR E
i Y 055 Wi
ﬁ%{t%% WLEE 7270 UA
IO 2N R =
Fl el 0 A KTy - G = A ST P - e R ZE B
ARz BT
PE— R Ry R BAHY = AR ZE PIT « 0%
WFgEsy 4
BT FXOL e e e
R eI E R IR gE o 2 — « HE B 7
]l 202144 H1H ~ 202243 A 31 H
Babesia bovis 137 ARMERICEFET DR THY, JEYlE FICRE, A, A
JREWVSTEIRER B E L3 Z e BER E F IR B W TEDORIEAFREE 72> TN D,
LSRN TIERIR L TET I F LRI P DA MEHSN TV ALK&
OERAN MR B H IR OV R 7 LW o= E D R T RARPUR A ERSU 7T
DTN RDOILTND, SR TJRHRIT AR 8.2Mbp 136725 4 DOYEIREFFD |
3700 HDOZ LRI EEa—RT 5861 2H L TWD, 15 EICREL 5| Xk Z 9 7RI
HARJ-HRE | BREICBW TR TS, F R DR B OATEIT U5 IXIRERESCT 75

DFERI S ?kb’(ﬁtﬁ’fi@é ZDT= IR MERHIC féz/ﬁl_fﬁ%’%ﬁﬂﬁﬂﬁ ZTHTE
LT S ST IERI R AT 72 R ot & L CRE R B WA R, AR TIEIRAI~
FUT R B D& s AT I B W TREICHE D H D Barseq 7417 7V Hi
(Pfander et al, 2011; Gomes et al, 2015; Bushell et al, 2017) % /3 7 JHH~L
JEHTHZE T, RIMERIICBIT AN T RBONERE TR FAETEHILE A
92

107




VA FE VX IE R FEE T2 R I Je 248 J BB Ch oI TR s 7 DNA @
PPEA 2T T2, NSO TR DNA 23 U0 2% FIV T, R8I 7-1% 12 pdazz ~_7 %
— DO ANET T, o —2— G ARIZED 1000 7 TAIR O 2 S hE 35
IZH720, $abh 3 D EHMFRF X X7 X —E2 WD Z LR B IEO B FIE SRR
RDMEUTC o O AR ff i 22— RE R L Cuvd,

BB RAL TODN—a—REESIZ /G 7% PlasmoGEM 747 7V —# 1%
CRISPR/Cas9 AT ANRTE a7 L7 CHESND LRI 72 FETH
Sfc, WHESTIT R MY 7 IX< il AT To CRISPR/Cas9 RH3#
HEN, MY 7 IR~ R BTl CRISPR/Cas9 747 V% - KB 8 s 1 448
PR O HBARFIERED AV ) — = TRT IN B S Tz, — 07, v FUT RS
TR T oo NHEJ R4 KB L WA B s - OBEIZIINF—ES| O 523
WL,

KX FEOR T —FF DR SIE—%AIIZ 500bp L RKBIUEAZ ) — =0 Z TS/ R
EDRMHLE Z BTN, Fox OIFFEE T 50bp VWO EEHO R F—ELH DB E &
BIZHR THLEVIFIRZ R LIZCERRER 1), SHITLARIG T OBREMFIT A2
— =V T EAREL T AN T X TR ARGRAR T /o I T FIEL NI LT (PR R R
1), ¥ ZVU7TJF T CRISPR/Cas9 RIZBIT D51 AN FEFRI NS TR R OBIE A7
V== 7 FEISHATRENE DD 2 Fio, REVARIKEL X SHIkAEF T 577 AINE H
WCBAR FHREED FTRED 2 &V 2 mAEFEBEO R Bad AW THREILIZ R ICA R D TR
TErERRELZW, £, FIEOKREILEZHRFTT512H720 PlasmoGEM <
CRISPR/Cas9 2% MW ol iR 1~ genetic screen (2B 25 A E OG0
WP CEERFR L 1,

WFFERR D
¥ XK

e
1. Ishizaki T., Bushell E. An effective CRISPR/Cas9 system using short length
homology repair template for genetic modification of Plasmodium bergher. Bi-
oMalPar XVIII Heidelberg, Germany, May 2022

<FEFhm >

1. Ishizaki T., Hernandez S., Paoletta M.S., Sanderson T., Bushell E.S.C.
CRISPR/Cas9 and genetic screens in malaria parasites: small genomes, big im-
pact. Biochemical Society transactions. 2022 (in press).
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#% T, HECHRBUIEIMULIZb DT 101 f#, BB L7-bDIE 64 8, #METITFEBLHEM
L7=bDiE 141 il BB L7cb D 114 @72 -7,

AV xriar 24-72 FEMHZIZB W TR BN NTHBURD Lz BAr 10
BB T HENENADE, BAS TREREDRION L2 TN DN E DT,
ZDTEND, MEETEB O REIBIE T DS BERERIA THLZ LRSIz,

It A. stephensi \ZEWT P falciparum DOH =M A MBIV AT —bDAL TV
Jvartk 16 H H ECREDER SN, SBIT, HA =M ARDA T =ri a1 Hi%
L~ 15 H2IZIX P falciparum @ DNAZENENIL TV, ZIHDOZEND, [ A.
stephensi \ZH A— M ANELIZV AT DA T/ a ARSI A — AR
W TAREY ARSIV TS AIREMES RS U7,

KEFEIIRFTTER DB ST208, Web BLOA— VL TOTF A AT a2 ERL ., ke
(BT R B AP FE AR A T By R B KO FTERE SR O A ICE B L=,

WFER R D
¥*® K

%5 164 [0 0 ARERE 22T ES (2021 2 9 H)

MR N~ 2 F 72335 % Plasmodium bergher &5z D L

A A 88K Zheo, M B FEIR ML Pl Rz, AT e, F)I ek,
AR TR, S ZE

% 67 [l HARTA B a - HARB A Y2 LA ASGHEFRIRE (2021 4 10 A)
e~ T % T P]asmodzum fa]czparum oocyst FZRK D FET
JEE R FEIRE ML TRl R, PR BeSEL, FORIE TERL I KRR

55 91 [A] H AR A P K42 (2022 4 5 A)

Plasmodium |5 5 Gk DMERE N~ 4T J1 D 5 - R iR AT

RO R, mE B R ML TP R, AT BEE, I Bk, EARE TER,
B RE
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WFEER A4 Deciphering trypanosome parasite tissue tropism and sequestration
PN
i B 5 3 5 T
WFFEAFRE
Jack Sunter Oxford Brookes University, David Fell Research Fellow
e HE
| IR KR e 5 — S T A8 B
R
TS EHH] 20214 H1H ~ 202243 A 31H
T Z7VAEN S —<RER R O Tho LR FEMEN E L o fFET 7Yk
Y )—= TR TR EE R L TR Trypanosoma congolense % xt5:L1C,
A S BAR AN X )Y — < DL B L O 2 — B TE B Ot 2 BN &35,
7| KBTI T congolense ORAT — VAT BIR MBS T VA5 5
(2L DFZEREE DEAR TR R <Y — AR 7 T AN OREFE LR HEAATH, DTS
HFNL 5T TAINEL BB S TR T congolense DR NLA BT,
iesume | COVID-19 DESEIZLOBFIEARHA OB IR B S W TH >, HITEIURE DR
g g | TRBEOUIE AN )Y — (R T AR R B T 5075 SRR A1
LI A AR IR N X)) — < DHEFRIZ S DT,
T. congolense TOBInTHELN X ) —~<DIERZE B L C, S#NTIEM B T 2%
WFFERRD | FFUTz, AR R B TR RIS BT 2B O BIZ 2R E T 028 kT, &
L2 HIZ, HEEE DT R TIERIBIE FITHT DT TAIRA AN VMGt - T 7 Th
D, A% ILFEFZEEH ~OEMEZ T EL TS,
zo = )
H;g Ekii Friz7el,
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WFEER A4 Development of antigen detection rapid diagnostics for equine piroplasmosis
(50B72) e
5 FITIB  5 55  TA,
WFFEAFRE : X ;
YL IvA =)L ICAR-National Research Centre on Equines
Sanjay Kumar Principal Scientist
GV E =)L ICAR-National Research Centre on Equines
Rajender Kumar | Principal Scientist
e HE
RIRE ABDE |
KL 7 IS PE R IR MR gt o & — -
TS EHH] 20214 H1H ~ 202243 A 31H
Theileria equi t Babesia caballi DJEYIZL-> CH|EHIENDEL 07T X<IHIT
i S R CRA LB E 72> TND, 22T, ORI A B Tl I B C& 5 b
T BB Y T IR RIS AT N RIS T D, AL AT MEBIFTEE, KO
[E| PR B R O YL S O R 38 OB IR Bl C O IR DS FTREE 72D,
Bre77X< (EP) X, K. e, o~vu~ I\REDy~BE#WA Theileria
equi & Babesia caballi D& L > THIEEISND~F =N EEBTHD, £D
EP (3T AT TR R EREIZZ RKARFE I E L KIEL TW0D, FrIT, gL
RGERRIED | 2B T — L7V~ X = DGR E 72 D2 LD IR B B E O R &L
W E | o TWD, AUROBETHL AT I EOZFE B DRI TIIEE~ 22~ =AM R

RIZEDEGENHOILTCNDN, T equi & B. caballi |\ KDY FEREIFAV T BTl
KIFHDOEETH-T, 22T, AT BEFE UV e A E 1T, T equi & B. ca-
balli Z T D5 T2 WiEE O Ol YYE A2 L L7,
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AVZ2770 Mannar #1[X (n =100) & Kilinochchi #1[X (n = 11) ®w 3G 111 A0S
MY 7 NVERE LT, £ MR 7 b IMR S AR AR Z R PSSR A%
1To7=, WITIHED B DNA ZEE L, FRFRA) PCR 2 HWT T equi BLWY B.
caballi JEYL DAY — =2 T LWk T o7, TORER. 64 FH(57.7%) BL* 95 §4
(85.6%) DE/AND | ZNZE NSRS LN PCR MAEICEY T equi \ZMEZERL
72 —H T B. caballi I ZT X TOIKTIEMETH-T2, F72 T equi ® 18S rRNA A%
DRI, C & D D 2 DORLRLEURFRIBR SN, ZNHDMERIE, AVZ
CHETHA L THNDEAD T equi 1285 EP O =XV 7 OEFEMEZIHLIT 5
DElpoTz,

Believe Ahedor, Hemal Kothalawala, Ratnam Kanagaratnam, Singarayar
Caniciyas Vimalakumar, Davaajav Otgonsuren, Bumduuren Tuvshintulga,
Enkhbaatar Batmagnai, Seekkuge Susil Priyantha Silva, Thillaiampalam Siva-
kumar, Naoaki Yokoyama: First detection of Theileria equiin free-roaming don-
keys (Equus africanus asinus) in Sri Lanka. Infection, Genetics and Evolution.
2022 Feb 9; 99: 105244. PMID: 35149223.
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NRCPD-OUAVM Joint Research Report

Date: May 23, 2022
Project no: 2021-joint-18

1. Principal investigator
Name: RNDr. Daniel Sojka, Ph.D.
Position: Research Scientist — Laboratory of Molecular Biology of Ticks (previously Laboratory of
Vector Immunology)
Affiliation: Institute of Parasitology, Biology Centre CAS, Brani$ovska 1160/31, 370 05 Ceské

Budéjovice, Czech Republic, Europe

2. Project title:
The development of a DiCre recombinase-expressing strain of Babesia for the creation of condi-

tional gene knockouts.

3. Collaborating research group members at NRCPD
Name: Prof. Shin-Ichiro Kawazu and Dr. Masahito Asada

Position:

4. Research period (in mm/dd/yyyy, and total number of years)
01/04/2021 -31/03/2022

1 year

5. Purposes and objectives

The major objective of this project is the development of novel functional genomic tools for tick-borne
Babesia parasites, namely the creation of a stable transgenic DiCre recombinase-expressing strain(s)
of Babesia. DiCre conditional recombinase system enables functional analysis of indispensable para-
site genes where conventional non-inducible knock-out systems cannot be used. This technique has
been previously applied to Apicomplexa model species Toxoplasma gondii and P. falciparum but Babe-
sia recombinase-expressing strain has not yet been introduced.

The individual objectives of this project include (i) the design and cloning of Babesia plasmid con-
structs allowing for the integration of both Cre subunits into the same genomic locus of selected Babe-
sia species, (ii) generation of “parental” DiCre parasite line(s) incl. optimization of transfection strategy
for Babesia, (iii) implementation of the loxP sites into the parasite via the both episomal and intra-
genomic approaches to verify recombinase activity, and (iv) performance of conditional knock-out(s)

of selected Babesia target genes.
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6. Outline of research process

no progress (no visit) due to COVID-19 related restrictions in 2021

7. Outline of research achievements

no progress (no visit) due to COVID-19 related restrictions in 2021

8. Publication of research achievements

no progress (no visit) due to COVID-19 related restrictions in 2021
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R 4, Isolation and In vitro cultivation of Babesia bovis, B. bigemina, Babesia sp.
LIRS Mymensingh, and Babesia sp. Hue-1 from cattle in Vietnam
(507372) e e
K4 T I 0 Jey 2 - ik 4
7 o e s
Kb I e Hue University of Agriculture and Forestry
Phung Thang .
Associate Professor
Long
74 F vvF v | Hue University of Agriculture and Forestry
Dinh Thi Bich Lan | Associate Professor (Visiting)
W5
LIRFE RdshE e A e T s 2 e
KL IR ER TR Bwa e & — - B
eI 202144 H 1 H ~ 202243 H 31 H
R SR T IR TR TR AEDNRBO LIV, NN AEIZIZZEDOREE R ThD 4 Fl
$DH/3_L 7 (Babesia bovis, B. bigemina, Babesia sp. Mymensingh, and Babe-
A s sia sp. Hue-1) D33 ABNEZ2 > TS, ZZTAMIZETIZ, TNH4 3T D
T AR B R A BN T A A B INE LT, A BEEEEMRSBL CX LT, A
N TIROZW B8R, KO TRICBE T BB 0 22 R RE D A 73
FEERNINE T D ENEREES NS,
SR TI s TH RSB AN TR, BEEIC S RAREF RS 5
ZCND, FAARUT IR G2 EDEDNDIE ENDL BRI TEBY, 225
WFIEEsm o VX 2| THRIBRE T D ATREMES GRS IV TS, D720, 4721 T 4B LIS D
*;;’*; FEEICBITBE AN T ORI BT BURERDD, 22T, TLD L EDTI X %%

LT, BN OENLE EICHRIBSNIZBIR FAICEER 3 MOF AR T
(Babesia bovis, B. bigemina, }35 0 Babesia sp. Mymensingh) D&Y% (2D TE
FIMAEIToT,
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WFERCF D
B =

EUANERND 6 BOT X E 305 BEHERIL 71K DNA 7 W2 o0, i
AR PCR EAHW TR — = Tl Z T oo, EDOFER, B FNVEDTIH
I AELE 3 T R CTOF N TR L WALV LT, B. bovis, B. bi-
gemina, BJX O\ Babesia sp. Mymensingh O KGRI Z N1 32.1%. 21.6%.
24.3% THY, BRI RN D 52.5% 13 /D7p<Et 1 FOF /SR TITEGEL TH 5
REMBAGIN o7z, BT VETIRIBE LT 77 Bz 3G L Tlh, &2
FHET DX =TT VIO FHET D, TNHOWE TN, LT 77 DM T~ H =%5
LTS T DARFEDEZ > TOA ATREMED RIS LIz, LTZ3-> T, BEIVEICE
FHE AR TIRORGRERIE 21T, G2 X2 BT DN T YOt o e b DB
DD,

WFFERR D
& XK

Davaajav Otgonsuren, Thillaiampalam Sivakumar, Tovuu Amgalanbaatar,
Batsaikhan Enkhtaivan, Sandagdorj Narantsatsral, Batdorj Davaasuren, My-
agmar Zoljargal, Dalantai Munkhgerel, Batbold Davkharbayar, Enkhbaatar
Batmagnai, Bumduuren Tuvshintulga, Believe Ahedor, Punsantsogvoo Myag-
marsuren, Banzragch Battur, Badgar Battsetseg, Naoaki Yokoyama: Molecular
survey of bovine Babesia species in Bactrian camels (Camelus bactrianus) in
Mongolia. Ticks and Tick-borne Diseases. 2022 Jan; 13(1): 101871. PMID:
34814064.
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R 4, Investigation on the presence of tr.ypanocid?l. dr.ug resistance used for water
buffaloes in the Philippines
(50772) e
5 TR 7355 e
ZEfk
R — Philippine Carabao Center, Senior Science Research
Marvin Villanueva .
Specialist
Claro Mingala Philippine Carabao Center, Scientist 111
Gabriel Alexis Livestock Biotechnology Center, Science Research
BEge sy i Tubalinal Specialist 11
WaE o N e e S e
TORE VT R R R 4 — - S T TR A - B
R
TS EHH] 20214 H1H ~ 202243 A 31H
T4V ENOFEIZBWTC, Trypanosoma evansi JEHIE (A—TF958) DT I L
AV DLHERE S, B EFEN AR TSH A RERER LS TND, EDTD, A—T
Q- | POTY PR AR AVEATET L ERIRBO T ICREE DR LT D, 3¢
T HIHR BT R BRI A— TR EI DT R LR DM THATL TS T ev-
ansitR O FEFNESAE DA HIVZE T D, AMFFERRE TIIAFIE /0 8 OREEL - 3KA4
TS MERRAT R 2 SE R EBEEH O R ICHINTB IS 522 HIE LT,
COVID-19 DOEIEIZIVIFFEARE OWFFEIEEN SN EECTh o7, WFFERERE DBFZE
WFERGR D | FEBRTE DO F ARV EERBAAAIZE 72 2, WFFE o B I IR SRR A B 55
M = TeOIZNIN ) — < DEERHERF IS DT, =74V ENL AT LI 7 vz v
TRI R =BG DY AT R 2R R LT,
BB JE DAL REL T, 7AVENNZBITDAAMF 2T IEBIOTUICRITD T ev
ansi DIEGLIR U DWW TOEFAEREINE LT, fEHR. RR— IV EDOT7 4V T34
MERFED | B Z—BIOZOBHTHEHIN TOWAEEFE L0 MY 7 Vs T evansi BX
B = W T (Megatrypanum) theileri DIBE AR LT, Fi=, ZNHDOR R —< %4
I3 D0 AR S B DS 2 <FEASN D EHER SN DRI RN BIC EA352
s, EIZE ORI EEAIRE 5728 O3 IR DM CTHLENH LN ST,
WHIEE R D | Elata A., et al., Molecular detection of animal trypanosomes in different animal
Sy species in the Visayas region of the Philippines (& SC# & )
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PRI, I International collaborative research on the diagnosis of Dourine between the
U NRCPD and HVRI OIE reference laboratories
(50772) R,
5 FITIB  5 55  TA,
WFFEAFRE
Zhe Hu Harbin Veterinary Research Institute, CAAS
Cheng Du Harbin Veterinary Research Institute, CAAS
e HE
WaE T . e e e
TRRE VT s SR R S — e T DR IA R - B
R
TS EHH] 20214 H1H ~ 202243 A 31H
RGO OIE V7 7L AZH8 7k — (Harbin Veterinary Research Insti-
tute) THY, 7~ DRYEE LI ZEL TONDHFEE OWFZEE ~, L[ENFZEE ONF5E
HEJ-BRE | B CHESLLTAERE ) <Y — < oy - BB A B KON~ Y — < JEZ W Bl A B s
THZEEHELTZ LR BT 5, SbICBIRS o Eilia H T, FEICE T
LU~ NIS Y —EDE A ZITOZ L A& LT,
COVID-19 DEIEIZLOAFFEAERE O FRIEEN K CTh -7, BFFEAERE DO
e D | B DT A0 e EERBAAAIZZ /2 2 FFE 0 HE L web CTOEERN )Y —<45
M = HiE - R BN OFR R L ST HPURBIOIRLE DNA OMEILRLRI N Y —~ DR
MeFFEAT ST,
PR 0 BIEMFFE DR EL T, U~ RN — < REDFATIR IO F6 J OV Y 22 fif it
g g | ERRIELT ST T ATBIBY )Y SRR R AL T, ST
IR % A% OILFEMIEEEICB W TEH T 5,
Suganuma et al., First molecular survey of animal trypanosomes in Paraguayan
R horses, Veterinary Parasitology: Regional Studies and Reports, 2022, 27, 100664
¥ K

Yamazaki et al., Risk factors for equine trypanosomosis and hematological anal-
ysis of horses in Paraguay, Acta Tropica, 2022, 233, 106543
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