SRR 2 b AR ERA S ER SE I E B &
A v S - FRUERYYEMTEE
TUE « ERARERS ) MMENTIEZ B L U RYERR R v U — 7SI 258

ﬁfﬁﬁﬁﬁﬁ%ﬁz

M EE

N BAE B D I AR AR > D D 7 HLIR R A R

(B SL RS ERT FERT - IRASR AR

MR AIE A B, EEET. BRER KRR LE TRAT. BEIFH (E D% -
SERFIERAT - BRUWRERLE) . ARGList, epfiir, A E, BERKRE, TR
(ESERERMEE 2 —) BE K BEERIL (ESLERYYENZERT « 7
BURS ) DRSS 7 —) . & Rk (ESLEGHERTTERT - v A VAR5 2

N

MREE

WAREH (ERERKE). B

A% (BT RESER)

JRE A C &b o 7o BRGLESE ] DR AR IR 2 5t 1T, MR Y A VA B FREEEZ H
W, BERoORREERFERETS2Z2 L, BEIO, ®RER—T7 = —2HWT,
KAMOBFEEBLETERET DI EEENE Ui, 2013 FIZESLREGUEN FLAT RS 2
HWica s b shic 23 BIORBHEBIEFNC DX, 163 D U A /1 A % [FIFFIZ R
AR FTBE 72 multivirus real-time PCR # AV, JRE U A VA DREIEZRA Tz, £ DOFER,
8% (35%) TR YA /NVAMNEE S, multivirus real-time PCR 3R R — 27 = 4
—EITORDAT V==V TWZEMNTH DT EBNRB I NIz, F72, multivirus real-time
PCR CbHHER YA VAN Shinote 3 EFOREREICO X ki —7 =
VY —TOMEAT TR, BERUANVAIHREEN 2D o7z, —F, 2012 FI20H
REBENPOEMR S — 7 =P —Z FWTHH S 47 trichodysplasia-spinulosa associated
polyomavirus (TSV)DFENT 24T > 7=, ¥3%BE O LA O TSV OLRBEFDO 7 v —
=TS L, TOEFEERSZREL, RT3 HEEOKE LT GenBank 28 L

7’9—
“—o

A. WHFEEAY

KRS — 7 = — TR GEREIZB T 5
WEMBETFERET D BOTHENRY =L TH
DT —F R RTRE STV DB O R KE
BFELAN DM RE DR FAR D BB b iR 5
THZLNARET, Lvh, ZOREITIPCREIFIE
F%ECThd, FFE. BRINEFHFLNIAVLZADE
SHEHERERY—7 P —ZHWTER ST
% (Merkel cell polyomavirus, human polyomavirus 6
&7, Lnl, Wy —7 = —DfEFTICIX
BEERT = T ar MR B —EDT Tl
DTEL DBIEFHERPELND Z L0 b XD
WCIZBERNA T A T T 4 7 A0 E
B2 ZE L, BOREA»» 5, Z0k), BFET
T _TomEicos  RERY —7 =P —Dff
WraiTH 2 LITBREN TR, KERY—7 =4
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—DFEWTICS SO LWEF Y TV THDENE S
2E. ZL OBRKRERETED, BEOWRE, ER.
BAME, YUV ofEE, RE EE»OREHIC
HIHrT D2 BRERD B, B, + o R MAEMFORE
BRI TNDE NN, BERKRTHDLH, TiE, &
DX BRBRBENFEINIR SN TOFIUT WA 1T E
HEDI RN,

] 37 JR% Y iE AF 95 T e R 7 B R L X R R ML
MBONIRH B | ERBE M5 AW ERT TR
EDEE T E e b0 o R RGER S, Z v E TR
BIER LN RO b JRE R L TRUVEEAD
JRERRR RN BE, ik, =T —a vl
LTELNTETWD YR Y 7 7 L v RE
B, bhbIZhbDEGIC>E, MikEEE
BB ROk, PCRAR &, ¥4 7R FIEZBE
fE L COREMAEMOEBSERORE LR TE



Too FT. BYYREE T, 160 ELU Lo v A v
A & WBRERYI T H T & D Real time PCRY%E (multivirus
real-time PCR) ZBHZE L. T b DEREDREE OME
IO TN AN EARLE LTREAHOEETH
BIEFI A S0, ARG TR YR ERER I 5 S iz
JEL PR R B 00 R YW R FR D IR BRI & S BT L Wkt

V= oY —TCEBERTERRT DL T, R,

H2oWIE, BERMOREEEL T ORI 2SR T,
Flo. Db 2012 FI1Z 0 RO LR Y
7" Jv M b | trichodysplasia-spinulosa associated
polyomavirus (TSV)DEZEEWT &, ittty — 7 =
Y —IC LV LTz, TSVIX 2010 g —m
NRCEREREHFLOE MRV A —<= T LAT
Y. BFEHDOL PRI A=A L2V T &
»bHb e MA VU A — < U A ) X 8 (human
polyomavirus 8, HPyV8) & & FEiT 5, SFFEIT A
JEGI G, TSVOERBEFEZ/n—=r7 L, &
B FECH &R E LT,

B. #FRHE
1) FERPRIR{E
2 [E O FE R E 7 i 5 R AR SRR H B I
J7 BRER T 25 AT & 7o A B RR GY I 955 FB 0D 7 B AR AR &
R LY, ZhCiEAr <l VEENRT 7 4 aiE
BEANEEND,
2) BgHhi
R= U VEENRT T 4 RN D DR
ffl i 1% Qiagen DNeasy FFPE kit (DNA)# L O¢
Invitrogen PureLink FFPE RNA extraction kit (RNA)%
AWz, 70, fER, g, SEEER <
W, R, B S O IX Qiagen DNeasy kit
(DNA), RNeasy Plus kit (RNA)Z v 7z,
3) real-time PCR IZ L5 U A /L A OB HE
t MIFRERMEEZFOEEZ NS 163 EEOY
ANVAE 96 RTL—NET—FEICHRETES
real-time (RT-)PCR ¥ AT A& AHFZER T E 2B
FHEL, ZHICED RNA BEZUDNA o7 b
UANVADRHEERA T (Katano H et al. J Med
Virol 2011), & D7 A N 2R3 5 E&H PCR
1L MX3005P (A b7 % ¥—4t), % 7-1% ABI Prism
T900HT (77T A K« NAF VAT ARt E
TIT> 7,
4) WY —7 = v —iZ L DB E T (%R
WA EWELIZED): RNA ~10ng &b LI
ScriptSeq V2 RNA-seq library preparation kit (Z T

FERSRRER DT A4 77 U — & AR LT, HEE L 72
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TAT TV —% XUF by TRKMER—T
H— MiSeq (2T 150 mer x 150 mer OX7 = R
IECHERHE LTz, M &7z U — RiX megablast #k1Z
T NCBInt ¥—#& _X— 2 |Zfi %4 L. MEGAN 5
KCTEY—FE2EYREI L ICHELE, & MEETF
FRE MO TANRY ) MHRIMED B B R
A L7z,

5) TSV BETOHMIEL 2EBETFOs n—=
ﬁ

O FF B RR 2 S L7z DNA %8781
Toyobo KOD-FX % V>, long PCR 4T 57z, HEIE
Shiz TSV O&RBEETIE pCR-Blunt 127 v—=
> UTe, EES DO PR E L Dye Terminator 5(Z X
D, BEED DNA V—7 ¥ —2HNTITo 7k,
TSV % 4RI T 5 real-time PCR TiX, TSV
® VPl fEI T»H % nt 1,841-1,923 (GenBank
GU989205) % R & 9% Taqman PCR 1T -7z,

(f B ~DEE)

AAFFEET L E LR GERF SRR & RS LT
DEFMAGHEEZERIZITEARBE TH D
(H25/7/30 No.417), #UEHEHE OB AFHRIZ. &
B2 T 5 EEREEICB O CHIBR S v, 30BN
B ID B2 BITIREE CRGIFIC M S B,
BAZFEET DD DOXIS. RIZERERESRE T
% GEAEFREEA), Lo T, MEFEEE M
AREHEREBEALRET D2 LT TE A0,

C. WrsHER

1) BRYREER Y 7 7 L AERNC I T A BEM, F
T R A D R ARG T DR ER

2013 4FIC SR BRI I R GES & L TED
NTEHRBERMRAED 9 5, multivirus real-time PCR
RN LTIERNL 23 BiTHY, 20260 8 4
(35%) T, KRERIZLVFR VA NVAEFET 5
EMTER (K1), RHSNIZTANVZDHR
WZE AL A T A V2 2B KERIRRS T A L
A, Al Y oF—UALNAACTH, a sV F—17
A A B3 B2 Bl), BAMETAVATHT,
multivirus real-time PCR Tix, TTV b FNEME L
A NZADBIBTFRRESNDERD 7L 72
W, ZIHDUANVABETITE N OREEE R
HEMPL BRI HOTHY | HETIERW
EfE. VANV RADE TR EMABRCER, HIBR)ICE
WC, SRR RIS R S 72 b O T LR
WREREEBEZOND VA NVATHD,

o



X 517, multivirus real-time PCR THER VA /L
AR SN o T ER] 3 BINZ DV TR ERAR
RS L7z RNA IZOW T, kit — 27 =
P — DN EIT o712 (F2), REOER.FERY
ANAERBRETHZ ENTE R0, R2ITRT
5 2 Tl Avian leukosis virus OB {xFWr 7 A3 H
ENTNDR, Zhi, PEFEHRIZENDI D
THY . BRI LOTHDZ ENHHALTNS,
£7-. 3 GIE X EBV 3EET 2 Z R8T TITH M
S>TEY, EBV DSHOT A VADEEZ R LT
B, BERUANVAFIBREEN R T,

2) LRI B &7 TSV DOfEEt

2012 FEIZRYLFHEEICY 77 LU RER E LT
TRMTRIE D & - 72,0 BRI DL EHRIEFH> & IR AR
—J U — DI LY TSV OB AW 8
M S ie, S EE L - OO OBRFERE» S TSV
DOBEEFEHEE L, ZOLRBEETFORSIREEZIT
o7 DD B L7z DNA 551 long PCR 12 &
D 5.2kpb I23 & 5 TSV DL EBE T OHIEL AR
Thotz (K1), PCR E¥W% pCR-Blunt X7 ¥ —
sz u—=v2701, TSV ETFOLEE LIS
FRELE, — 7 T A LT EEFERINIEERE
C D2oOD TSV & 9%DOHFEMERS D, thoe bR
U F—< A NALOMEMEE, HPYVY & 52%.
Z DL 50%LL T CTH Y . KRB FEFIN TSV T
D ENFER S, TSV-TMC # (Tokyo
MyoCarditis 28 3) &4 L. GenBank (Z8 &L
7= (accession no. AB873001), TSV-TMC £RITL SR T 3
FHICHE SN TSV O2EBERTFES 2072,
FIEFNTFIRBICTH 0 | ME R IZET XTI
BERFEBRENTWDE Z b, JE#hl 0 TSV &%,
TSV Bz & B EMIZHEH T 5 real-time PCR IZ X
VHRIE LTz, ZORER, DIRIZ TSV M RME ST
WARZERBHLN IR (B 3), &b,
TSV-TMC ¥k 6. VPl OBETHIEE L. B,
VPl k35 7o —F iR aER L T3
(BB IE BHIZLD),

D. & %

RBRRRYLIE (5] O — R 72 B R ITAFEE T ke
EREE D% < OERIL, RAREES & S DE
% B AR L T\ 5, ZOHIZIE, BIEDT
D, TORBAEDREN L ENDANTER L, KA
B & SNIER S HE, BEEA TS E I ERMW
EYRENR ENTICE 0L 6T KRR AR T,
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FEBIGEG & SN TWAEMGH DL THA D, #l
FEAEM TR S D DA IR RIKE N 72 ST E
B, Al E U TR LWAEMITHRT T DR D5
TLTWB LD TH D, Kty —27 =P —Dfif
Wrix, Yo 7V EEN D TR TORBFIEREME
FTHLOTHY  REMEDOBEFHEEND
BAWIE, DR EWERTHREETH D, L
L REHRER O+ _RCORER 235 Z L 1%
FEMOICH, FHEMICOAFAETH D, RERIE
B, & OWAEE R Y — 7 = — O 21T
DM DN T O— RO 72 IR ELE NI TELE L 220 8,
HEZLRHMERA 7 ) —= U TERFEET VL,
ZhEREY L A N FTRED> & AL 72 ), ARBFFE Thivo
LS VT2 multivirus real-time PCR Xk R — 7
TP =L D BPRIZ, KTFET, Z<DUA LR
EHEBENICA I ) == T TCEBVATATHY
WY — 7 = ICEDRTOBRE & L TITiR
DTHERRARZ V== TEEEZDND,
PRONNFREOBREEZREBENGRE LTHWDHHE
HiZ 2255, — DITFEREIL T CITHEBERZ
WA AN TNDHORIEEAETHY B 5 7R R
YIELINDRBERAT D LM TELRTH D,
MBEORBICLIVFREBEBECEFENLTND
238 5 b4y B AT R RRGRAE DO RER IR O
TEHMTHD, bH—>DHEMHBIE, multvirus
real-time PCR LR AT —7 = —ThHiiEh
RN, BRIz LTRRMEN TH L0289 k&,
FHER IR - C R EMABFEOICREN R TH
HRTHDH, Mk EDEEY 7 TIERER
P % B L7 fE RS b T BB 22 b Ra 28 72
W2 ERSNDIIH L, RERRITRE & B,
FAFR 22 SR RR (L 220 in situ hybridization 72 &
THET 5 Z LI X0 RINED RS & B
WHoTINE I, FERPEDILDHEERNE Y, I’
JFARE T & BT 2 MR A Y B E & FH
L7ZBRICiZ, PCR bkt —7 = — 1 Mo
TREDHWHETHH-OI, BETRWIBAEY
BTN LIEUIERE Sh D, mEREIN DY
TFATIEZDHERDLTHLL, 4%, 2L OH
FNERET D Z LI R SN MAED IR
RAEMTH DN E D NEHET HHE, ERY
VTNV EBIRT B FEBREBEIZA GRS TW
ST EMnHIfFsLD,

TSV iZohETne A, EEEREOREAE
T 5 trichodysplasia-spinulosa AAMTITZEE & DB
BTN EN TV, SEOLFHRORER] T



WD EIZ TSV BEM SN TWD Z & LE» D
TSV OERBEFBRHHS L TWDZ &, £,
Ori AT T4 ~—TPCR 2{Tolc b 25 1
BRFRETH o TmZ & (T —FIIARL TR B
B, DIBCIEBRIR D TSV BFFAE L T 2 & AR
Eh, ZHILLIET, TSV OBEEINE & Tz
REEETRB LTS, ZILE T, TSV OHRERNIL
FEAEBREBIZREZIVTEY D GRS
Niz LT 2HET R LDHROER Y A VA ITT
YT RYAJARNVNRAT A LRI ERFB I
L, BRYREHO ) 77 LU AFITEH, < D0
R DREFI B RIRMAEHAATH Y . TSV 1 3H7z
ROHRDOBR T A VATH Dby, 5%,
PERR R D HUE % O T AR F R R DR R -
NHEZATHD,

E. f#
A B GLE 1) 0D 73 BR AR ASAR I8 % 5o 8212 multivirus
real-time PCR & AV, JREK 7 A /L2 DIEFE % A
SR LIEB D 35% CTIRE Y A VA &2 RE Lz,
Multivirus real-time PCR | IRk R — 2 = P—%
TOMEORT )V —=v 7¥EL LTEDRFET
bb, Flo, 3EFAOREBRIKICOE, WA —
7Y —TCORN AT o Te S HBIR T A VAL
Bt Shiginodz, LEHRIER G TSV DeRiE

24
[HiE]
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fefnrsu—=27 L, @lRERFEZRE LT,

F. fERtfapifs
iz L

G. Wrg3E

1) FSIHER

2L

2) FRER

() FEREME., EFERT. PR EARRE, &
ARER, BETR. BEA)IFHE WEBREND
DORBFEFEERHEEOREN UV—2riay
7 TR OHRER] £ 102 B AR
R, FLR, 20134,

2 HEHRT, FHEE EEMPCRICLDUVA
IV A DRI L S RERIE~DISHE v
YRV A3 REEROR LORENE F 18
B H AR YE F S REFiTES BiE
2013 4F 10 A

H. g9 EEMED LRE - BRI (FPEEXET)

BAY A



# 1 2013 42 Multivirus real-time PCR T3 L 72 REMR A OFEFR. HSV: herpes simplex virus, VZV:
varicella zoster virus, Cox: coxsackievirus, JEV: Japanese encephalitis virus.

B R 2 M 1 SR B4R T A v AR HAE B 5 BT A LR
Mige . BEMER 9 4 HSV-2, VZV, CoxA6, JEV
TRy 7 3 CoxA2, B3
U o iR 2 0 -
1 B R AR 2 0 » -
F DA 3 1 \AY
&Rt 23 8 -

F£2 2013 F RIS — 7 = — DT EIT o T JREEM K, SFTSV : Severe fever with thrombocytopenia

syndrome virus, EBV: Epstein-Barr virus.

No. KB4 Edn . MR R 8 R
1 AL 10 mEft otk EillEs ik BRMAYRETIIBRE IR,
T e B =R ER OB BERMAEDBEFIIHRE IV,
2 D'L‘f//\o,,,, e 50 Bt Bk U »oREiER, (Avian leukosis virus
DS SFTSV [k, W B EEFRENE )
FEIFMR Y . , .
3 I 60 it Bk EBV B, EBV D Zx,

#F3 TSV-TMC R & BEHRED TSV B L OO E MR Y A —< U A LR L OFFEME, TSV:
trichodysplasia-spinulosa associated polyomavirus, HPyV: human polyomavirus.

Virus gene (GenBank Accession No.) Homology (%)
TSV (JQ723730) 99.4
TSV (GU989205) 99.4
HPyV9 (NC_015150) 52.0
KI polyomavirus (NC _009238) 49.88
JC virus (PLYCG) 49.53
BK virus (PLYCGAS) 49.39
Merkel cell polyomavirus (NC_010277) 49.34
HPyV7 (NC_014407) 47.70
HPyV6 (NC_014406) 47.55
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RE M
l .

BEFHEE, fEASILEE.
HEFHBR i
Multivirus real-time PCR
BERIDVANADER | osmmpr 1 smesi-
A4

RHEDRFRFEEFDOBRR

RER—FoH—[TkD
BEEDNAY—5 A

X1 AFRIZB T 2 FERERRIER OREMAED OB OB E

JRRASBHEGI O HER AT, £ HE Q@72 E ORI 72 S i, B O 2pREWE DS OB BT s D, Fie.
BIERICHERREENENE 5 b, HEFHICRESND, SREOICREEREDN S RIETIE, EXAbhAMeNE
BT 2RERECHBREAELITR O, BEILY, EFEBETUAN AR T EEBET D, MRFERICZT ANV AR
BEEDLND OO, FHHEMEBFHLBRB TRE D A L 2 EFE TE 2027 V%, multivirus real-time PCR IZ XY 7 A LA
DHBFEAIMRZE % 1T 9, Multivirus real time PCR (X, multiplex Taqman real time PCR % it~ il U 7= M8ZERT 7 A L R H S v kT,
JRESREREL T E I B L7 b O T B (Katano et al. ] Med Virol 2011 83:322-330), % 7 4 /LA D probe-primer & > b % 96 7%
ZL— MZBEL L, Fam & Hex D 0D ®EHAEH T 0 — T 2 FEHT B2 LT, OE2D well C2RIEHO VA VAEBHTE S
LOBRE SN TVWD, £/, R—7L— b ECEEREER L, EUANLAEBKRENICEHUTEETH D, 4 probe-primer
Ty NI 100bp DT A VAR AR TED LSRR EINTEY . T 7 0 UM ORI LR 2 & TR L7z
BRI b3S FTRE T H %, Multivirus real-time PCR T JERE 7 A VA DR EIZE b 2 WREN R IR o — 7 = 2 — O
KL B,

Long PCRIZ& 3 . TSVEEEFORIGRE

1
{%T

_ EROBE

pCR™_Blunt
vector[ZTHE— |

=27 TSV-TMC
AB873001
A 5232 bp
KOD-FX
(Toyobo) {Z&3
iong PCR

2 TSVOEEBETFOI a—= 7 RS OWRE

DAERE > Gl L7z DNA £V longPCRIZL Y, TSV BETOLEE (5.2kbp) OMEIENRFEETH o2 (X)), PCRE
¥ % pCR-Blunt vector IZ 7 7—=1 7 L TSV BEF DEE OEERS % BRE Uiz, BERFIIT TSV-TMC # & L T, GenBank '
I8k L7 (accession no. AB873001), FHRIZIEL TSV-TMC ¥R BTS2 RT, BERED TSV L BETHEEREDLL R
AN
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450.0 -
400.0
350.0
300.0
250.0
200.0
150.0
100.0
50.0
0.0

3 TSV 2MgH S LB R EBE OXRIFCBIT 5 TSV BEOER,

TSV @ VP1 Z 4 RANTHE T D real-time PCRIZ &V, A2 A L7z DNA Z#5R L7z, #tfliZ DNA 100ng H729
DTSV 2 —#E2RT, LESED TSVEOEWESR TH Y . LDk OBERRBIND, LR &M LUNI AT 7 4
YR ABRETH D,
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BEARBREHRERMBE (FEA VIV U PEHE - BRREMEEE)
SEBTREERTHREE
BE - WREERES ) AR EEERLE LEBRERRR Y N BECET A
~WRREERBRBTFHRTEERIC L 0T 4 — AENIC X PRI & FRRREREED

BA &
g e 7 BRI SR 2 EF RS
I 1% AR EF BT SLR R E A 5

WREE FFE, RERERY —7 32 AW ETE - FEEGEIC T D A 25 7 RN AL
Bz B A D REESLHE ORI EAL TWD, KT v =7 FClk, MERETRITZ B L L
RO T a7 A — T2 EZf L, ZhEEEE LIRSS T 2 EREZNNEORREE B
LT3, MREELRFIFRICES S AN AGURDIENTL T A VA Z 2327 B OBERERATEIZ D0
T, 2 LAXFEMERE RV BEERREANEZT 2T A I 7 2AERT 5, AREEZHBEKRME
Trichodysplasia spinulosa-associated polyomavirus (TSV) @ VP 1 % > X7 &%, 2 AXEMIAR %
AWTER L, AFFICHT 5 7 o —F AHEOERERS T, APURIZY A2 T my MIB
WTVPL Z U 7 EB LY A VAR T 2 FRCER Lo, AEZAWS Z L TTSVICHT S
iz e REEPRENEDHRBICHE S b0 EEZ NS,

A. BIEBEH B, KIBESCREMRA~OBEFEAZLY Y
BIEDFENDOH D ARPRESAA AT B, B ANVARZ U RIBEOERBERTHY | MlaEME
B BEUBGYER EICL DT U M T b A 7RO WHR L, DOAEHDIEN T A VAR SZ Ry

e DRI - MREIVHEFRAEBITE L BER S Lo HoFRICERmE Thote, 4R, Fxlx, =
WERNE Xy T — 2 VAT AOBENBEET  AFXEMY L BERRE AV CEERRE
hob, 5T, BPEEDEREVOHLRHERSED (KO EEZ VN7 BEAERL, 2z
7o DRI - MRAOFFEEMTEE LT, a0 L LTHWAZ LT, SEEm2 iRl A TR
AFEOBRHRMIET OF T A L AFUEOEE — BREDE /) 70— F A HEOER AT -1,
HEEBHETHENNELRD,
RS = 2 T OEBRIEE-> TAEZY B . EFE
J LD BIIRE KR L, RABMEDOR 1. a AXFEHRRIZELS TSV UA LR EZ R
FARERD T ) LR Z8BHT 22087 ZJEOERK
HBThsd, LLAaRs, RERKIIEET LS Trichodysplasia spinulosa—associated
J LR DHTIE, SEHRAEORBFRK S OB polyomavirus (TSV) 233 — 33 VPl #EEF%
BIZOWCTHEET D Z &3 # L <, HBRAE S PR EZ2AVGTHEEL, Y X0 BB
1T L CRBIRSRICB T 2R R BT OFER X 2 % — pEU-bls-S1 (bls; biotin ligation site
OVE I O BEREBRPFIAEOEFEAELFEH  GLNDIFEAQKIEWHE,  S1:  linker  sequence
TRETHD, £ODITE, WEEMEFERRT  LHPPPPRIS) ([Z#EA L7z, {ER L7 pBU R & —
RN 2 FBIZ L7 u T A — AR L D HR Z MU SPu primer f UF AODA2303 primer % ff
FEMT & TR R AR EIE OB R ULEATH D, WT PR IBICX VG Z/ER L, SP6
VAR, BTHL - FREUSYEIC KT A PR - JLiARK polymerase & FV N2 BR B RS X 0 mRNA % A K
EORBENELTND, LPLERRL, EROF GV Ta AFXFEMEGHCR - EEEICLY ¥ o3
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JBAREIT T, BRI EOEEF I
TRIZa AXEMINE TER LT biotin ligase
Inl (~50ng/ul) BL O FKIBE 0.5uM Biotin %
MzBZ izl 0iTol, ERREOERIZE
WL, His # 7 &M L7 VPL & 37 B % |
TANAE NI B ETLESE D729
R ETEPERITH 5 Brijss (0.5%) FIETFIZTE
%78 . Ni-sepharose B — X2 & 37 B2 #E X
¥z, BT 5% 8 MDRFEZ GLWHERIZT2HE
P L7z, 500mM oA X &Y — Ny 7 7 —%
WORESRLZ o B R LT,

2. B/ 7 m—FNHEOER

A AFEMPRERANTERLEZ Y A LV ZH
| N 7 B I keyhole
hemocyanin(KLH) # £ F#H & S &b 02 RE
Re& Lz, ZiE 6 #Eim® Balb/e =7 AT foot
pad{ET2HEMEXIZ 147 AMRE Uiz, &%,
U ARMEERRL, vV AI e —<#ifla T
»% SP2/0 & PEGIETRIE LNAT U F—~%
TR 72,

A

limpet

3. ELISA:

96 well plate |ZHJEEE T 50 ng/well OHIR %
—We=m— h L7z, BUSE, Ny Ty —KERE T
2y XU UHIEMACRRTIRERGFE L, ©
D% PBS T 3 [MI¥EiE, HEMMLINA 7Y K
—= BiE& M2 =R T 1R RS & 872, IRIT PBS
T 3 [EWEE % HRP ARGk T~ 7 A TG HLiE 2 EE T
1 BB S /72, 2% PBS C 3 BIFeEE I A
EEEZMZ, 3045% INB TR nZEL S~
A 7a7b— ) —F—TRHELEHE LT,

(B~ DELRE)

KBTI NT, BiInFHEBAEREZANDLZ L&
DD WHFEEDETR T DB DR 2 DNA FEBRE
2EEL M FTE—T7TF 1 EEEL, BWERSE
B2 EFMIAHGEEZESFOER - BAE2ET
EREIT o7, o, KEEITE MaEE#ERL
T EBREFE L TWARWA, BRY 7L O
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BT —ZDRFRICHTZ> I, EEESOH
Alico o b, HeZEE (BREE) OREBEEZHBS
FETHD,

C. W R

1. TSV-VP1 # > X7 B DA

O AFXEMIL S N BARBRE O TER
L7z TSV-VP1 & R 7B, BhaREs v Ry
B Thole, LALRMEL, BREOSKTICRE
TEMAID Brij3h 723V AR Y —LA&HRMT 52
LT, FAMEERNBEEICLE L, Th DR
fb& o R BERBRL, £/ 70 —F LV HiEER
DI=HOHURE LTz,

2mww1%/ﬁuw+wﬁwwﬁ%

W CTERL L 7= PR & //\7’%’2 Balb/c =
‘7% foot pad £ T 2 MM E X2 2 [EfE LTz,
1&H%7WX®%M@%%WL\?7XiID
—<Hifa T D SP2/0 & PEG L THIA L 48 FE¥E
DINAT ) F=<%fBlz, 1 RAZ Y —=2 Tk
U TCELISAHEZ W TIEME 2 MR Lo/ R, 48 7
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SUMMARY: Next-generation DNA sequencing technologies have led to a new method of identifying
the causative agents of infectious diseases. The analysis comprises three steps. First, DNA/RNA is
extracted and extensively sequenced from a specimen that includes the pathogen, human tissue and
commensal microorganisms. Second, the sequenced reads are matched with a database of known
sequences, and the organisms from which the individual reads were derived are inferred. Last, the
percentages of the organisms’ genomic sequences in the specimen (i.e., the metagenome) are estimated,
and the pathogen is identified. The first and last steps have become easy due to the development of
benchtop sequencers and metagenomic software. To facilitate the middle step, which requires computa-
tional resources and skill, we developed a cloud-computing pipeline, MePIC: ‘“Metagenomic Pathogen
Identification for Clinical specimens.’’ In the pipeline, unnecessary bases are trimmed off the reads, and
human reads are removed. For the remaining reads, similar sequences are searched in the database of
known nucleotide sequences. The search is drastically sped up by using a cloud-computing system. The
webpage interface can be used easily by clinicians and epidemiologists. We believe that the use of the
MePIC pipeline will promote metagenomic pathogen identification and improve the understanding of

infectious diseases.

Next-generation DNA sequencing technologies have
led to a new method of identifying the causative agent
of infectious diseases in hospitalized patients and during
outbreaks (1,2). By directly sequencing millions of
DNA/RNA molecules in a specimen and matching the
sequences to those in a database, pathogens can be in-
ferred. The analysis comprises three steps. First, the
nucleotide sequences of the specimen, which includes
the pathogen, human tissue and commensal microor-
ganisms, are read using a next-generation sequencer.
Second, from bioinformatic processing of the reads, the
organisms from which the individual reads were derived
are inferred. Last, the percentages of the organisms’
genomic sequences in the specimen are estimated, and
the pathogen is identified. Although the first and last
steps have become easy due to the development of
benchtop sequencers and metagenomic software, the
middle step still requires computational resources and
bioinformatic skill. To facilitate the middle step, we
developed a cloud-computing pipeline that is easy and
fast.

The prototype of the pipeline has been used in our
metagenomic search for pathogens in various clinical
cases. We have reported metagenomic analyses of clini-
cal specimens that successfully identified Francisella
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tularensis in an abscess as a pathogen (3), Streptococcus
spp. in a lymph node as a possible causative candidate
of Kawasaki disease (4) and heterogeneity of the 2009
pandemic influenza A virus (A/H1N1/2009) in the lung
(5). In an outbreak of 22 adults with myalgia, the
majority were infected with human parechovirus type 3,
which typically causes disease in young children (6). In
recent food poisoning outbreaks that were due to raw
fish consumption, a flounder parasite Kudoa septem-
punctata was discovered as the causative agent (7). In all
cases, the pathogen identification was primarily due to
metagenomic analyses using next-generation sequen-
cers.

In the workflow of metagenomic pathogen identifica-
tion using MePIC, the first step is performed by the
user. DNA and/or RNA is extracted from a specimen,
such as sputum, feces, an abscess or blood, and a library
of DNA/cDNA is prepared for sequencing. The library
is sequenced using a benchtop next-generation sequen-
cer, and the sequenced reads are uploaded to the MePIC
pipeline via a secure internet connection. The pipeline
accepts input files in FASTQ format, which is the stan-
dard for next-generation sequencing analysis. When
using Illumina MiSeq sequencers (San Diego, Calif.,
USA).

In the second step, the uploaded reads are processed
by the MePIC pipeline (Fig. 1). Unnecessary adapter
sequences and low quality bases are trimmed off the
reads using the fastg-mcf program in the ea-utils
package (http://code.google.com/p/ea-utils/). Human-
derived reads are detected through comparisons with
the human genome using the BWA (8) program; the
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Fig. 1. Screenshot of the MePIC pipeline. In box 1, the user specifies the next-generation sequencer reads for up-
load. In box 2, details are set for trimming adaptor sequences and low quality bases from the reads. In box 3,
criteria are set for the exclusion of human reads. In box 4, the user chooses the program for searching the database

of known sequences.

number of human reads are counted, but the reads
themselves are removed from the downstream analysis.
For each of the remaining reads, similar sequences are
searched in the database of all known nucleotide se-
quences (NCBI nt) using the MEGABLAST (9) or BWA
program (10). Based on the information of the database
sequences that match with the read, we can infer the
gene (e.g., virulence gene) and organism (e.g., Esche-
richia coli) that the read is derived from.

The run time of the pipeline is primarily allotted to
searching the database of known sequences. The re-
quired time can be drastically shortened by splitting the
job and running in parallel using a cloud-computing
system or local server. Respectively, it takes 10 h for one
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core of 2.67 GHz and 6 min for 100 cores to perform
MEGABLAST search against the nt nucleotide data-
base (as of year 2013) for one million reads of length 200
bp. The run time varies according to the sample source
and condition. In blood samples, >90% of reads are
derived from human and removed in the preprocessing
step, and accordingly the time for database search of the
remaining reads is reduced. Human derived reads are
less in sputum samples (60%) or normal feces (~0%),
which accordingly demands more database search time.

In the final step of the workflow, the user downloads
the database search result to a local PC, including the
reads annotated with the organism and gene function.
To summarize the taxonomic and functional informa-
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Fig. 2. (Color online) Analytic results of a case where Saffold virus was detected in a pharyngeal specimen. DNA
and RNA were extracted from the specimen and sequenced. (A) Taxonomic view of MEGAN software. Saffold
virus was detected in the RNA-seq reads. In this case, 0.4% of the reads were derived from the virus, which was
sufficient to detect the virus in this patient. (B) Reads mapped to the reference genome of Saffold virus. The
horizontal axis represents the position on the viral genome, and the vertical axis represents the abundance of
mapped reads. The reads cover the whole 8 kb genome. Colored bars indicate the nucleotides where the patient’s
strain and the reference strain differ. The plot was made using Genome Jack software (http:/www.mss.co.jp/
businessfield/bioinformatics/solution/products/genomejack/).

tion over all reads, a metagenome browser can be used,
such as MEGAN (11), which is one useful free software
program (Fig. 2). The existence and quantity of patho-
genic organisms and virulence genes are inferable from
the number of detected reads, which is proportional to
the number of the corresponding nucleotide sequences
in the original specimen.

We developed a simple metagenomic analysis pipeline
for removing ambiguous and host-derived short reads
and rapidly identifying disease-causing pathogens in
hospitalized patients and during outbreaks. The MePIC
pipeline has a webpage interface that can be used easily
by clinicians and epidemiologists, who do not have
bioinformatic skill. The locally required equipment in-
cludes a benchtop next-generation DNA sequencer and
a desktop PC for viewing the results. The adoption of
cloud computing for metagenomic pathogen identifica-
tion was proposed in the PathSeq software (12), which
required bioinformatic skill for cloud computing. The
M¢ePIC pipeline, in contrast, manages the computation-
al aspects in the background. The sequence similarity
search of the database is the most computationally
demanding step of metagenomic studies, and one solu-
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tion is to thin the database. Using such an approach, the
MetaPhlAn system (13) can speedily identify bacterial
and archaeal organisms. However, we opted to main-
tain the entire database and rely on augmenting the
computational power to hasten the analysis because
clinical applications require finer taxonomic distinction:
for example, the distinction of eneterohemorrhagic and
commensal E. coli is critical. Within the broad possible
applications of metagenomics, our pipeline is tailored
for clinical use.

Metagenomic pathogen identification using next-
generation sequencers surpasses conventional detection
systems in sensitivity. The approach of directly sequenc-
ing nucleotides of a specimen is particularly powerful
for unculturable or slow-growth pathogens (e.g.,
Mpycobacterium). Whereas conventional PCR-based
detection can miss new variants of a known pathogen
due to mismatches of pre-designed primer sets, the de
novo DNA/RNA sequencing approach overcomes this
limitation. Metagenomic analysis can also identify a
causal agent that was not known to be pathogenic (7).
As for quantitative sensitivity, the metagenomic ap-
proach has been shown to be comparable to RT-PCR in
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virus detection (2).

The major drawback of metagenomic pathogen iden-
tification is the cost of next-generation sequencers and
reagents. Although the sequencers remain expensive,
their versatile clinical and research utility (not restricted
to infectious diseases) is pushing their widespread im-
plementation in research institutes and hospitals. The
rapidly decreasing reagent cost has reached approxi-
mately $100 for one million reads, which would be ap-
propriate for pathogen identification.

The current methodology of metagenomic pathogen
identification is based on sequence matches with known
pathogenic species/strains. To enable detection of
unknown pathogens, an abundant dataset of ‘‘disease
cases’’ and ‘‘normal flora controls’’ is necessary. If the
number of reads of an organism (which is proportional
to the amount of its DNA in the specimen) is much larg-
er in cases than controls, infection by the organism can
be suspected. The development of such pathogen dis-
covery will require the accumulation of metagenomic
data for disease-causing and normal flora and the inven-
tion of analytic tools. We believe that the use of the
MePIC pipeline will promote metagenomic pathogen
identification and improve the understanding of infecti-
ous diseases.

The source code for installing on a local server is
available from the authors upon request. The website of
the pipeline is https:/mepic.nih.go.jp/. The sequence
reads of the pharyngeal specimen that included the
Saffold virus are available from the DDBJ Sequence
Read Archive under accession number DRA000973..
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