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AR 15 2018 4, BRBT v dph X Z Ak, S E by
AR T AHST AR L X, mg AT X 78 B e 5
X, ZAmAE o A AU 10%0L |, Hop
S TR A HL B T R R IR 100%, HAURSE 4
oo HeAh, ARG F AR, aniRa . BORAE,
Yh WIS, HAWIROICESS . B, #is
AMFE A R ik 670 RTH, 208 EEE K
R R DX IR O R S RS A 2 — o A
RMES, ZhHE DR M ERERE, &4
XoF i A £ 1Al e A A BT ™ U
FEATTHE A 1 AR R ke PN 268 7 38— o i IR

LS PR 8 (Emaravirus)ig a, % Hol ]

RE A A, -4 Hoir 44 Sy v ) AR AR 1 B g
#£(CDMaV)., Emaravirus & 2012 4E LIk & B —
ASHTRAEY B , A 025 A Negarnaviricota
I"], Polyploviricotina \V.[], Ellioviricetes 44,
Bunyavirales H , Fimoviridae F} . % J&@ 5 5 L BKE
SMEREE I, BERAE R S 48 M R
B RNA, I8 R 5E A1 44 FF European mountain
ash ringspot-associated virus Al : ZHEE A 4 %
T SCHEE RNA, 735l 4 8 RNA 19 RNA R4
fitf(RNA-directed RNA polymerase, RARp). %A
£ JEHE 2
(Envelope glycoprotein, GP)flizsh&E 1M, Aip
SCiE XS CDMaV By LA T, UEWH A
Emaravirus J& il it 5 1EAR A AR A (4 Py
Kl E] 7 CDMaV BE[RIZH, £F5 1% 8 5 Hh B
PHERE I FEHEE®

7% 1 (Nucleocapsid protein, NP).

1 AR %
1.1 TR B 517 AF
A (Ziziphus jujuba) it F FIFCR T 2017 4
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9 F 1 2018 4= 9 H HL A Bl v 5 Tl &k A el
A R AR e D) izt . AEHE-80 °C
UKFEV RORAT
1.2 /N RNA WlIFF 5 RNAseq

/N RNA 776 A 3 v A PR A BRZA 7] 58
B, FES R R R, FRETH BRI R 4
ﬁm%ﬁmm W EF-4 4 1llumina HiSeq 4000

I FAL, DR S B 50 nto KRR %L
%%mkgﬁmasmmﬁu,f%ﬁ%ﬁkﬁ
S HFS, i@ velvet #EH1 PFOR2E G 40 Fr
G PHE S K ) contigs, fdi ] BLAST 7
GenBank Virus RefSeq S8 £ 4& 22 H Huxt, AT 7
JP3IME I . RNAseq TERE R EERHEA T, FE il A
AR R, LR MNH R FIBR 2 UE RNA,
-4 A [Hlumina HiSeq2000 i &l P {Y, 352K
7 200 nt. KBk rRNA R M SOE TR R
FBRACT R PS5, i/ Tophat 1 Cufflinks 14
PRt A, (f ] BLAST 347 Hext . e e B
R BER AN P, R R E .
1.3 5|t

Z: /)7 RNA il 7 Al RNAseq (04558, %3151
Yy COMaV , Hh g 1y B K 2H i RNA2-RNAS
FECA K 7775, RNAL RSB 1, 519
B AR 1 R B K. TS I 1,
1.4 YR RNA RIHRE

B 0.5 g It sl R A, TR SIS 5
BZE 1.5mL &0, ilA 600 uL PureLink Plant
RNA Reagent (Cat#12322012,
BRIR Y R SRR 5 min SRR T2 5
(12000 r/min, 2 min)Z&BRUTIE, 76 BiE ARG
100 pL 5 mol/L NaCl #1300 pL 515, &.0EBE
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Table 1.

Primers used in this study

Primer name  Primer Sequences (5—3) Application
RNA1-1F AGTAGTGAACTCCCTAAGAAACTA Amplification of 1-1541 nucleotides of RNA1
RNA1-1541R AGTGTAACCACATATCTCATTAT
RNA1-1492F TAACTAATCCAAGAAAGACTTAC Amplification of 1492—-3019 nucleotides of RNA1
RNA1-3019R ATCTTATTATATTTACCTCTCA
RNA1-2950F TGGAGAAAAATAAAACTATGGGA Amplification of 29504550 nucleotides of RNA1
RNA1-4550R TAAGATGCACATTTTGATGTAG
RNA1-4479F GACCTGATCAAGAAATATTTTG Amplification of 4479-6007 nucleotides of RNA1
RNA1-6007R GCTTCAGCCCCTTTGCCTCCAG
RNA1-5948F TAACTATATTCAAAATCATTGGC Amplification of 59487160 nucleotides of RNA1
RNA1-7160R AGTAGTGTTCTCCCTAAAAAACTG
RNA2F AGTAGTGTTCTCCCAATAAAACTTAAAAA Amplification of 1-2224 nucleotides of RNA2
ATAAAACAAACTTGAATAATATATAATTTTT
RNA2R AGTAGTGAACTCCCAATAAAACTGACTATC
AAAAACAAAACAACACGAAATATAAATATG
RNA3F AGTAGTGAACTCCTCAAAAAATAACCAAAC  Amplification of 1-1230 nucleotides of RNA3
TACATCAAAATCTTACAATCTTACACAAAT
RNA3R AGTAGTGAACTCCCAATAAAACTACCAACCT
CAAACCTTGCAAACACA
RNA4F AGTAGTGAACTCCCATTAAAACTGAATAACA  Amplification of 1-1493 nucleotides of RNA4
GCTACAACCTAAAAACAAACAATCAAATA
RNA4R AGTAGTGTTCTCCCATCAAAACTGCAAATCA
TACCAAACAATGTAAATTAGTATAAATAA
RNAS5F AGTAGTGTTCTCCCTAACAAAAATCAAAAA Amplification of 1-971 nucleotides of RNA5
ATACTCAATCTCAACCCCATTATAAACTTT
RNAS5R AGTAGTGAGCTCCCTAACAAAAAAGCAAAC
AGTTACAACATACAAACAAATTAAAAAAAT
RT1 AGTAGTGTTCTCCCT Specific reverse transcription primer 1
RT2 AGTAGTGAACTCCCT Specific reverse transcription primer 2
RNA2-464F CAATTTAACCTTGGCAAATCTGTC Amplification of 464—1447 nucleotides of RNA2 for detection
RNA2-1447R AAGTTCAATACATATGACCATTCTGG
RNA3-586F CTTTCTTTGCAATCTGTGAAGCTAGA Amplification of 586—-1365 nucleotides of RNA3 for detection
RNA3-1365R AGTAGTGAACTCCTCAAAAAATAACC
GP2FBaml GGATCCGATGACAGTAAGTTCAATACATAT Primers for constructing protein expression vectors. BamH [
GACC
GP2RECORI GTTTTAGATTTTGCCATCTATGACAAGCTTA Primers for constructing protein expression vectors. ECoR [

AGAATTC

I8, BRI WO I S R AR N BT VE A%
M2, T 4°C. 12000 r/mim &.0> 10 min YEDLEE,
1 mL 75%Z B, BUTERT, BT
RNase 75 44 [ ddH,O FfIF"#¢ T80 °C #5 1.

15 R PCR (RT-PCR)5 PCR

BRI Y RNA, 183 SuperScript
|| Jz % 5% il (Cat#18080044, Invitrogen, USA) K
FLRONARZR , Hi B2 B i Tt 1 B8 106 BH 1A 7 Je
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BEt, IRASUFEIR R 2L 4] RNA 7E Y cDNA 7=
Yy, $RJGiEE PCR X H ke i Beilb A r 4 1s . I
F R P . i aE Sk 410 cDNA A RIS
PIaLFEREAL S | Py als s L R 2 RNA R e
519 RT1 A1 RT2 45 LR A . PCR il KOD
Plus (Cat#KOD-201, TOYOBO, Japan) &% H: 5z )
RRIEAT, FrABIYLE 1, B KR R TR 5
WPy TROE ,  SE A [] B 0 91 R e
T 1 kb ZEfHf 1 min,

16 HitklsE

¥ CDMaV RNA2 gt (1) GP £ 11 i Beitb A7 5
BRI ol A A 7 AR R S LR . RIR 3
1 pET-30a(+), i F WA BL-21 Wbk, iEid
5%y GP2FBaml/GP2RECORI M J - & cDNA Hif™
WARN ) GP K B, wfER pET-30a(+), &%
1k, DH50 87 A5 4, X FHM: se i o T7 38 5
Wit A 500 P B AE KW TE R Y 5 2H PR Ak
BL-21 SRk k

Wiy GP BLINRIKFhin) BL-21 Bz 2
ODg=0.5, MMAZME 0.5 mmol/L () IPTG T
16 °C. 160 r/min it 7% 5%, it SDS-PAGE 414
Kl GP 28 FI7E A FTV BOAN Al i 2 L2 0 v i
T, IR A BOIE I AR T
W5 RIS E AN 24 T35 5 I, M UTTE
1€ 8 mol/L JRZE (% 0.1 mmol/L PMSF, 0.1 mol/L
NaH,PO,. 0.01 mol/L Tris-HCl), @ik T
SERNZAL, 2k R0 R I A B I R Dk e
H A8 0 & i SR T 95%, H4lifkiy GP
A I R R P (P B2 Bt e 5 &

PSR S L)
1.7 Western 238

Bus gty sAUR R TS/ IS A S mL
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0.02 mmol/L NaSOy, .0 EBRA%T, 4 800 uL iF
A 15mL Z04, A 200 uL 5x SDS-loading,
A, 1t SDS-PAGE ¥R (10%) 43 55 55
M, R ERE N2 PYDF . ¥ PVDF
JIEF- 5 AT MR [ TBST(Tris-buffered sali ne—Tween)+5%
AR X AR R B A T B =R

Je, EBRBEAR, A 1:2000 FiBE T AT
GP 2 H SR IME (—He) , iR 1 h; LBR—L,
ffiF TBST 5%k 33, fil A 1:10000 % T35t A1 Y
FPrRPLm, EiRPFHE 1 h; TBST ¥k 3l )5i8E
3Gk AE R (ECL) T i €5

1.8 A B HREWEA RNA 25

1 /N B A= e R I e ) L S T, TEAA
LA T AT U B9 T 58 (Epitrimerus
zizyphagus Keifer) Fl17 #i] & (Frankliniella intonsa) .
AR 25 0.10-0.15 mm, KA, 2587 H
@, WZENETT; AE 52 0.8-1.5 mm, 4K,
wORE A, BURER A, WX, HEELPRE
NLUE IR P EA T RNA BRI S0
A RNA FEAS BT FH A B0 A0 i) T 4 Bt 70 o
300 HFi 40 H,

2 SRR

2.1 HERYRIE

R IR R SR £ 1L S8BT 5 575 T BT 2 4E 5
KON 4 BRI, 2R 8 REA B & 52
AR AT, A TC AR R 9 14 52 AR AR
bel . P RREAS 25 52 AR . PRk, MR
Mo . URER, BRI E(E 1-A); KR
BB AR AR 5 (R A 25 TE W S ] 22 55
Pz H, RN . RO IS R I
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Figure 1. Symptoms of jujube tree by pathogen infection. Leaves (A) and fruits (C) from healthy plants; Infected
plantsin early- (B) and late-infection (C) stages; Fruits from infected (D) and healthy plants (E).

AL RN SRR (18 1-B) ;s AR A
SREEL . BT E A, v A s
A FEFOREEBE, N 3R 1A 8 1) YR L G A )
(Bl 1-C). AR TCAPIZES, B s LR E . %
ACEER IR o I X TR K NVRILEARTE A5
AW AR, R R R TR 4
45, MABHOATESY, SR E AL G (& 1-D
1 E).
2.2 ERPEHE/N RNA MF#{7RT Emaravirus
BHR T

T oeiE /N RNA 72 A 5 s SR A
PAT SR gk L 3 4 4% Raspberry leaf blotch
virus (RLBV)HIRIEF41(FR 2): H55 RdARp [F]
RIS 53 %%, HEBMED . ZATEN . P4
FEAMBER S 12 8 13 45, 5 Pealiliny 1 4.
H il Emaravirus J& i a5 £ 2 o i ok ILRGE , 1%
R BT — PR R R R . BT I REAE R
YE, AT HoAr 24 A v AR AL 1 BE R
fajFx & CDMaV

2.3 @it RNAseq Xf CDMaV 45 H 4l F

WL RNAseq Xz 2 B 1) 4> B K 2 7 51
PEATINE M BFE (K 2). CDMaV JEHAIESH 5
4 RNA, Hr RNA1 4K 7160 nt, %if 271 kDa
) RdRp, HAZW¥415 RLBV ) RNAL [ J54
J 83%; RNA2-RNAS 4 K405k 2224, 1230,
1493, 971nt, 5 RLBV N34 RNA R
FEA ) P50 30 R 65%. 54%. 69%F1 22961
WK Giifith 75.9 kDa AL EME 2 1 . 33.1 kDa iy #%
KT H USRNG5 42.5 kDa il 33 kDa

#* 2. MRNAMFERLCR

Table 2. Summarized results of the small RNA
sequencing
Viral protein [Virus] Contig/s
RNA-directed RNA polymerase [RLBV] 53
Envelope glycoprotein [RLBV] 12
Nucleocapsid protein [RLBV] 12
P4 protein [RLBV] 13
P8a[RLBV] 1

http://journals.im.ac.cn/actamicrocn
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Figure2. Schematic diagram for the CDMaV genome.

The genome is segmented and consists of five
segments of linear negative-sense and single-stranded
RNA. The complete genome is 13.078 kb.
IAAINFEE . CDMaV 5 RLBV HAT e
JPoRIMEE, (AZEFZHE RLBV 2 3 4% RNA.
CDMaV HYFIfT 5 4 RNA fEH NG S A 4 15
AT R S 0] HAMX IS, 5 Emaravirus J& i
il 5L A RFAE ) 509
24 RT-PCR #:{ill CDMaVv

g 1w Ok e O A R, ] RT-PCR
49 7 g i i PRI 20 e B 1 o S i 8 CDNA
AIsE R, AT T 2R S SRS | Ry 4
B EHE T PR B 507 % < Bk Superscript RT
I e s Mg AR RL S | ) 5 =2 86, FeAiTiedt T
Superscript RT IIIf1 RT1, RT2 5% HIRE R
R FR ., W 3PUR, CDMaV 15 4 RNA 7£
R WA 2 15 TR Y B 1) EAMX B, 5
5 2% RNA 2 ] BN B A58 A Af TR, 322 X))
TET5 8 FIZR O A% HTR, RNAL, 3. 4% 8,
o (AT ER ST AA, T RNA2, 51155 8, 9 %
M2 s& TT. RT1 A RT2 (it iER 5T CDMaV 1)
XFPRRAE, Hob RT1 #9%5 8. 9 (AZTHMRIEHE T
TT, RT2 & T AA, MMATIWE LIRS,
AT S s ] ASRAG 58 B 1)k 5 cDNA . X A

actamicro@im.ac.cn

#* 3. RNA1-RNAS5 MiKimfF R FIIFMRE RS
Table3. The5' and 3' end sequences of RNA1-RNAS
and the designed RT-PCR primers

Primer 5’ end sequence

RNA1 AGTAGTGAACTCCCT-
RNA2 AGTAGTGTTCTCCCA-
RNA3 AGTAGTGAACTCCT-
RNA4 AGTAGTGAACTCCCA-
RNA5 AGTAGTGTTCTCCCT-
RT1  AGTAGTGTTCTCCCT
RT2 AGTAGTGAACTCCCT

3’ end sequence
-AGGGAGAACACTACT
-TGGGAGTTCACTACT
-AGGAGAACACTACT
-TGGGAGAACACTACT
-AGGGAGCTCACTACT

J7 R FAAGH R AR 15 B, i A
4 RNA BYFFRIES A 2 Ky, BBy 3
FPHERR, JHTIYILEE 1. HF RNA2-RNAS
Yy DU B AR 5 | A4, i RNAL i
FPIURK, RSB r I, 7 IB 3 IF
X I T BHE IR RIS A K

25 FERMWHRHRN COMaV HiREEA

H T TR kAR R IE CDMaV , FeAT]
BETA L T %m0 GP E H TR, Western 24
58 B CDMaV 1) GP & [ 7/ [ st 10 2 g 114 A
R AR S A A B, T R AR TR A
MWARN (& 3). Z4s it — LRk T CDMaV 5k
I A AR G
2.6 CDMaV A REE i 2B 75 2 2 Rl 15 4%

i F Emaravirus J& £ Fivis 25 LLBLEE (Eriophyid
mites) Jp A HEA A%, FAT DA AL Fel ro i G ATy il
FIARE] L, @it RT-PCR 6 i py 2 75 4 45
CDMaV., PIRARH)E RNA 1 FHPEXS IR,
FATX RNA1-RNA3 = 2% RNA &R 43 i Beate A 74
WEFHER 1), 4558 %M, 34 CDMaV %
St RNA R B35 fe Al gl 2], i 7 40
TR E (& 4), FBAEETT BEE CDMaV
TBTE LB A A
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kDa M a b [ d S f
50 — — '
48 — L [

[ 3. Western blotting Bt 22 3 X0 MFEER
Figure 3. Western blotting to detect CDMaV GP protein in healthy and infected plants. Anti-GP antiserum was
used as the primary antibody. a, c, d, f: Proteins were extracted from the leaves or fruits of infected plants in
different time. a: leaves in September 2017, c: leaves in September 2018, d: fruits in September 2017, f: fruitsin
September 2018. b, e: Proteins were extracted from the leaves (b) or fruits (€) of healthy plants in September 2018.
M: Protein standard. The CDMaV GP protein has a predicted molecular weight of 48 kDa.

a b c d e f g h i i
954 bp
1213 bp 780 bp
El 4. PCREHNEREKANLEE CDMaV
Figure 4. PCR to show the CDMaV sequences carried by E. Zzizyphagus. a-d: Primer pair

RNA1-5948F/RNA1-7160R to amplify CDMaV sequences from infected plant leaves (@), the body of E.
Zizyphagus (b), the body of F. intonsa (c) and ddH,O as a negative control (d). e, g, i: Primer pair
RNA2-464F/RNA2-1447R to amplify CDMaV sequences from infected leaves (€), the body of E. Zizyphagus (g)
and ddH0 (i). f, h, j: Primer pair RNA3-586F/RNA3-1365R to amplify CDMaV sequences from infected leaves (f),

the body of E. zizyphagus (h) and ddH-0 (j).

3 ik

AHIFFE P FRATT S A8 T BT AT 5 55 b DX & A
W 3 B SR, iy 44 Sy i AR AR R B s 7
CDMaV, 5Ei CDMaV 43k HA iy, % &
AR CDMaV 1] BE LB A .

Emaravirus J& i 51 155 K 243 5 2 25 RNA
L, COMaV R HFFE AR HFHE, h 5 4%
gk RNA 2B RNAL 5 HiAth Emaravirus J& 5
BEMA A i BE PR SF 200, HoAr 4 45 RNA 5%
Fil RLBV HURZER 741 R R AE N 2296-69%, FHH X
JE—FHT Y Emaravirus J& % 5 o i34 2018 4 ICTV
%5 10 K445, Emaravirus BIREEC A 9 P IE

FHl2 . CDMaV % 4 10 A~ IERF,

F AT T 2 B SL e X Emaravirus & 5 B
CDMaV 537 i A O 3 22 0] i G IR M R A
TERA, 353 1L/ RNA I 3F B 5 4 o A 7E
—FiBi & Emaravirus JEMEE; 184 5P H I Y
TR M 343 T CDMav 4 il il
Western 2252 E B CDMaV 2 [ e Bt /77 T
R AR T, RO I T BN R P ) (e B
AR AR, I RAR A A R, ko
CDMaV J& 7% AR 5 11095 S 14 o AT 93 3 AL
TG Dy ] RERYALREAA, B T O HE B iR SR HEK
AR P2, A I B R e R i R A R AR
HEA R HERN T B
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A1 LR R, RE W E Y U
JrARa  HRPEARDR, AT2x 1 A A B
BHE AR, PIBCE R AR Z) 1 km,
RIS SE A, ZEAET, AR A
AR, HIRZAET 545 T 1 @ WImE o 20 A
BRI . PG — 7 IR W B A FAR R K dL T
Ben] DI I BH Ak 3200 /L, 53— 5 iR W T
o BHLRAR AU A ORI AE B 151200 T A B4R
o WHRAS b Bl i 3 i A A AR, ) 22
HESLAEWIBA B RE AT S L TR L R AR R e
P 9 JE A L
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Full genome sequence of Chinese date mosaic-associated virus,
a new member of the genus Emaravirus

DaLiu*?, Jianyu Bai®, Rongxiang Fang™?, Lili Zhang"

! State Key Laboratory of Plant Genomics, Institute of Microbiology, Chinese Academy of Sciences, Beijing 100101, China

2 University of Chinese Academy of Sciences, Beijing 100049, China

® Institute of Economic Forest, Xinjiang Academy of Forestry Sciences, Urumai 830063, Xinjiang Uygur Autonomous Region,
China

Abstract: [Objective] A new jujube disease has emerged in Aksu and other areas in Xinjiang since 2016, seriously
threatening the local and surrounding jujube industries during the last three years. This study aims to identify the
causative pathogen(s) and to investigate the pathogen transmission route(s), therefore providing guides for the
disease control strategies. [Methods] Small RNA sequencing was performed to identify potential pathogen(s),
which revealed a new jujube virus. RNAseq and reverse transcription PCR (RT-PCR) were performed to obtain the
whole genomic sequence of the identified virus. A viral protein was in-vitro expressed for antibody preparation.
Western blotting with the viral specific antibody confirmed the specific existence of the viral protein in infected
plants. Insects were collected in the disease-occurred areas and RT-PCR was performed to identify potential
virus-transmission vector(s). [Results] This study identified a new virus, belonging to Emaravirus and named as
Chinese date mosaic-associated virus (CDMaV) in this study, as a correlated causative regent for Xinjiang jujube
disease. We obtained the whole genomic sequence of this viral strain. The CDMaV genome is segmented and
consists of five segments of linear negative-sense and single-stranded RNA. The complete genome is 13.078 kb,
with RNA1-RNA5 containing 7160 nt, 2224 nt, 1230 nt, 1493 nt, and 971 nt, respectively. The complementary
strand of each genomic RNA encodes a single open reading frame, sequentialy the five encoded proteins are
RNA-dependent RNA polymerase, envelope glycoprotein, nucleocapsid protein, and two unknown functional
proteins. The virus specific sequences could be amplified from Epitrimerus zizyphagus, indicated that CDMaV
might be transmitted from infected jujube trees to the healthy plants via this insect vector. [Conclusion] This study
identified CDMaV as the correlated causative agent for the newly emerged jujube disease in Xinjiang, sequenced
the viral genome and identified E. zizyphagus as a potential insect vector for viral transmission. Identification of
pathogen and its transmission route would efficiently guide the development of disease control strategies.
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