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Heterogeneity of Japanese Epstein-Barr virus strains explored by viral genome
sequences
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Epstein-Barr virus (EBV) establishes lifelong latent infection in the
majority of healthy individuals, while it is a causative agent for various diseases. Recent studies
indicate that there are substantial levels of viral genome heterogeneity among different EBV
strains. However, the extent of EBV strain variation among asymptomatically infected individuals
remains elusive. We cloned and sequenced EBV genomes derived from human tonsillar tissues, which are

the reservoirs of asymptomatic EBV infection. Phylogenetic analyses revealed that Asian EBV strains
could be divided into several distinct subgroups. EBV strains derived from nasopharyngeal
carcinoma-endemic areas constitute different subgroups from a subgroup of EBV strains from
non-endemic areas, including Japan. The results could be consistent with biased regional
distribution of EBV-associated diseases depending on the different EBV strains colonizing different
regions in Asian countries.

EB



B X C—19, F—-19—1, 2—19 (@)

1. BB EFIDOE R

EB A /LA (Epstein—Barr WA /L R) 3% ADKI 5% TG L TWA LB T A VA TH
Do TO—FHT, VN, REMRAARE, a2 ERICEAET S Te MERFY A LA T
LD,

BB 7 A L A NS DB ARIIE, [EB VA VAR S A O X 5 IS Hsi s RS 2 D2
RIS H—F T, PEME - H 7 ¥ 7 Mz %mFLW@#AJ%\H$-ﬁEﬁE®$7
T HIKICE S BV TEB U A L ABSHE T/NK U o/ SHEFRSE | I NZFFE DB ZARAET 5
HLOBRHDTERMBENTWDEN, ZOEHBIIAHTH D,

WA, HAREHTHBESINIZ EB VA NVARD U A VAT ) AEIERFINTR b TEBY, 7
CTHIKD EB VA NVAKER T — 1 X e T AU T e T 7Y AHIROR L X R D RHEICET D
ZENMEENTWDS (Palser AL et al., J Virol. 2015), BRKIZEBWTIX, EB 7 A /L AD
HWHRBHIE L, EB 7 A /L A BIHUE EBE ORI DA B Vo RBRITIN 2, EB 7 A /L A B
ﬁﬁfi@w%%%ﬁémﬁﬁﬁgﬁ%ﬂt% BWTHMROMrENnTnod, LnnL, Z
hfif_ﬁ%éhtT/Y@EB?4»1%@7/Aﬁ%mﬂ%ﬁ®iah&iEB74wx
BHERBR TH Y . HARD EB U A VAR THEERLHI R IE SILTWDH DX B U o lH kD%
BR1BIORLTHD, LR >T, BARDEB U ANV ARDZERNESCRHE AT D 720121, +
DIBDOBARDEB VA NAKEEDDUERND D EHZZ LT,

2. WEEDOBRR

AR TIEARAREDN BB HND EB VA IVAKRD T A VAT ) AR ORI 2 RTE L,
HARNCESERMEICEGE LTV D EB VA VAKD SR Z O NNCT 5L & BIC . HADEB ¥
ANAKRDOSIT ) ARHNERET HZ LA B E LT,

3. WEOIE
(1) Rtk F ok EB 7 A /L A YLl i At N7

EB 7 A LA LIZBHRD 2R (18RRI OMEIR RF MR EBERE 2R &) CREEML 217 9
HANEB 7 A NVABEEYE NS, AT+ —h Fartr bEaHE 9 2 THRIEE Ot 5
T, MR ZRBREN TR T2 2 L1280, BB Y &S IEERER A R ik
(spontaneous lymphoblastoid cell line, sLCL) Z457-.

(2)&FEB A /LAH 7 5 DNA D7 1 — Ak

CRISPR/Cas9 IZ K 57/ MREEM A2 MWTZ@EER EB VA VAT ) LDNA D7 v —=2 Tk
(Kanda T et al., J Virol. 2016) Z V>, sLCL 235 EB 7 A /L A4 7 I DNA % BAC (Bacterial
artificial chromosome) X7 X —|Z/a—=1 7 L7z,

B) &R T A VA 1 DNA HE EEE A O E

BAC 7 v — At L7=WBEHI K EB W A L ZRRD 7 A L 24 ) 1 DNA Z KIGE A BAERI L, 453
e 7)) =R o —r =2 TRV ANAY ) DEERANZPE LT (—36, [EN2
BIRFWIGERT - Hl S ) DRATIFZE 2R & DL FRFZE)

(4) 53 RAEFAT

Bosl 2 e L7 Rk Rk EB A L ARR L T —F RX—=20 L HfS L7 S EB U A L AR D2
EUANVRYT ) NEHBS 2 HAWTh 1 RHEMNT 21T > 7=, Rapid multiple sequence
alignment based on the fast Fourier transform method (MAFFT) Z#fAW/=&E T A VLAY )
LYEFEFCFN DT T A4 A "%, Molecular Evolutionary Genetics Analysis (MEGA) X Z W



TRt & AER L7z,

(5) #H#a 2 EB 7 A JL A D FFAERL

sa— AL LT A VA ) 5 DNA RS L. HEK293 M R T v A7 =7 v a v LTLIE
OHIRE 2 8157 U7, BB AR 7 A LV REAEZHE L, BON-FHR YA L A%
kB ARAEI I S e,

4. WrIERRE

(1) RMRHREAE 3k EB o7 A /L R SRSl At <7

i R 2 BRUBRE N THER L. R I I RIS L T 5 EB U A L ARRIC X 0 RAEAL
SN2 Y IFERERRIRERE (sLCL) 11 Bk&1fG7z, VoA Z 7 my MEIZKY sLCLIZBITDH Y
ANABZ R EORBLART R & T A, BIREBRRFCRBLT 2 VA NAZ N IEDOY A X
WCARE—ERHREND ZEBRHLENE o7 (B1) &

L)
$ 2
Q@ & sLCL-

oS
ka5 12 3 4 5 6 7 8 910" 11*
100 < ™

T5- Wy »
—.- — —

—
—

EBNA1 - P |

100 - r
75- ~ - . - ’

EBNA2

75-

~— - —~
. - A_A-_

LMP1

1 RPHAAR SR U o SEFERERIIEIRIZ 38 1T DIMRIEIL T A VA 2 N7 B

Q) EBREEB YA /VAL J ADNA DY m— Ak

SLCLIZxf LT, UANRERRT ) & —» bl 275 7 LiRET 7 A B, B KL TBAC
JB—LATDIOD R —TFZAI REFFICEAL, BB UA VAT ) LDy u— A%
AITm, sLOL 11BEDH H T8k (SLCL 1 - 7) ICBWTARE T AL AS ) 5 DNA D7 a— Akl
RE L (X 2),

BamHI
-digested

X 2 BAEfE L 7= 7 8k BAC 27 & — > DNA O] R 1 35 B T i s



(3) &R A /LA ) 1 DNA Mg B A DY E

FFRLCHAS L7 T #RD BAC 7 m— 2 DNA Z RIGE N HRER L, H3 e /) —RFo—7
T % — (PacBio) Z HW TR U A WA J LAHEFEF| % E L7- (GenBank accession number :
LC573550 — LC573556),

FRLCIRE L7z TRRORHEE K EB 7 A WV ARRIZOWTT ) 7 — a VT 21T\, 7 A LA
A EIZa— RENTZUANVAEZ T E D4 open reading frame (ORF) ZRE LT, TD
TR MR & N7 B Td 5 EBNAL, EBNA2, EBNA3A 3L TN 3C, LMPL ICHWT T I/ BE%L.
BBl & HICRE REEEMENRD Dz, £/, EBNA Bia 1 OESIHEN S, RkER 7 ko 5
5 FR2SEBVLI B 1 BRZSEBV2 WL 1RSI Y 2 B F 0 RUA LA TH D Z &R ENT,

(4) 531 R fENT

JRPEHISR EB A N ARRE T — 2 RXR—=2A B HG L AR KOO EB v A VA0 2R
TANAY ) AEFREESE AW TCREB ZER LA, TOTDEB VA LVAKIZT —1 v
ReT AU B «TT7V A7 =T HIRICHRKT DL 1TR R 7 NV —T 2R L T, &
Hio, TYUTHIRICEB WX, BAZERHET VT OKIX, FEFEE - HE T T Ok E TR
HEDORI DT N—TE2ER L TCNDZ 2R LT (K3),

PSPHIGD EB T4 LAk
CEEH REPSFO G, o1 L 4 BAESORPITO

EBUAAK s u "uil s Js  EBOALRE

FSTHAOHIED |
EB 91 LA

00080 -
& %

3 BREB UANRY ) DRI D T X % oy SRt

(5) fH#L % EB U7 A L A D PR

s a— At LT A VA DNA % 22 E 8 L 7= HEK293 TGt o A LV A Z PEA L, Rk
SR A BYMET AN AL LCHEHBRT DN TE, Bl A VA% b B MRS
Bzl TA U RS BIS S 4L, 7 m— Ak L7 Rk EB & A /L AR DS RERY
ICEBRIREETH D Z LAVRE T,

AWFFRIZBNT, AARDRHEHEEB 7 A VAR TRRICOWTEE YA IVAS ) LDNA %27 1
— b L., BEESNEZRE LT, EORER, OB ARNTIAEGEMEIZEYE L T2 EB U A L AR
WCEEERSHDZ L, Q7 UT7HIEI—m /R TA VD T 7V H - A7 =T HIIZHFEKT
LDRRENTIRRD I N—T KT D2 L @7 T HIRICE WX, BARZEGLHET T BT



[EFEE - R T CTHRE R DI N—TEBR L TWDH I L ZRHLE,

THLOFEREL . EB WA L AR FIETE A ORE RN ERE - HEFT U7 Tl L 1B
W BB 74 /L AR ¥ ORIER A BAZ ADRT VT THN LS 2L 2 ADETER
HE, TUTIZEITD EB UANVAKROHUIE AT & EB T A /L A B B O 4R ks — 09 %
A D D = E AR SN, S DL I RIC R B S B B0l R R DL
WCHZ T, FOHIRIZOA TS EB WA L AREDE WL T T O EB 7 A /L A BB RN E D
W AF 36T 5 TR D — DTl B ATEIENE 2 B D,

AL, BI8B I A—F T AT VT OB A AARE (T D7 bR L PEEH - KT Y
TR WA OBIG TS EH SN L, TOBIG TS E EB w7 A /b A B oD Hi A
EORRIZHOWTHRHST LTV FETH D,



4 4 0 3

Yajima Misako Kakuta Risako Saito Yutaro Kitaya Shiori Toyoda Atsushi lkuta Kazufumi 102

Yasuda Jun Ohta Nobuo Kanda Teru

A global phylogenetic analysis of Japanese tonsil-derived Epstein?Barr virus strains using 2021

viral whole-genome cloning and long-read sequencing

Journal of General Virology
DOl

10.1099/jgv.0.001549

Misako Yajima, Mamiko Miyata, Kazufumi lkuta, Yasuhisa Hasegawa, Chitose Oneyama, Teru Kanda 7

Efficient Epstein-Barr Virus Progeny Production Mediated by Cancer-Derived LMP1 and Virally- 2019

Encoded microRNAs.

Microorganisms E119
DOl

10.3390/microorganisms7050119

Kanda Teru Yajima Misako Ikuta Kazufumi 110

Epstein- Barr virus strain variation and cancer 2019

Cancer Science 1132-1139
DOl

10.1111/cas. 13954

Misako Yajima, Kazufumi lkuta, Teru Kanda 10

Rapid CRISPR/Cas9-Mediated Cloning of Full-Length Epstein-Barr Virus Genomes from Latently 2018

Infected Cells

Viruses 171-183
DOl

10.3390/v10040171




4 0 0

Misako Yajima, Kazufumi lkuta, Teru Kanda

Whole-genome cloning of Epstein-Barr virus strains from asymptomatically infected individuals

67

2019

EB

33

2019

Misako Yajima, Kazufumi lkuta, Teru Kanda

Molecular phylogenetic analysis of Epstein-Barr virus isolated in Japan

66

2018

EB

32

2018




https://tmpukandalab.com/

(Kanda Teru)

(50333472)

(31305)




