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kyovirus A1 DNA I Diaphorina citri picorna-like virus isolate BR1 7 Ff P A 5 B i 25 FAAK T 0 sURE(AC R 7= O i, {E %o FpL bt
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Effect of seven viral endosymbionts on the fecundity of Diaphorina citri

ZHANG Yuele, LI Zhigiang, CHEN Qian "

Vector-borne Virus Research Center/ Fujian Province Key Laboratory of Plant Virology/ College of Plant Protection,
Fujian Agriculture and Foresiry University, Fuzhou, Fujian 350002, China

Abstract: [ Aim] Diaphorina citri is a pest of rutaceous plants, such as tangerine and jasmine, and the main vector of the Huan-
glongbing pathogen. Understanding the effects of D. citri endosymbionts on female fecundity can provide a theoretical basis for eco-
logical regulation of D. citri. [ Method] The Illumina HiSeq technique was used for high-throughput sequencing of the transcriptome
and small interfering RNAs. The assembled sequences were analyzed to determine their functional annotations. Females were individ-
ually reared to analyze the effect of seven viral endosymbionts on the development of D. ciirt, including their fecundity, and lifespan.
[ Result] A total of 22429 unigene sequences were obtained, with an average length of 1304 base pairs, and 17673 unigenes were
annotated using the NR, NT, Pfam, Swiss-Prot, GO, KOG, and KEGG databases by homologous sequence alignment. Several as-
sembled sequences of viral endosymbionts were obtained based on small interfering RNA sequences. In biological assays, seven viral
endosymbionts including D. citri reovirus, Hubei tick virus 2, Nilaparvata lugens reovirus, Mal de Rio Cuarto virus, Synechococcus
phage S-RSM4, Tokyovirus A1 DNA, and Diaphorina citri picorna-like virus isolate BR1 casued significant decreases in the total
number of eggs laid, whereas the immediate fecundity ( no. of eggs laid every 3 days) and female lifespan were unaffected. [ Conclu-
sion] These results improve the understanding of symbiont diversity in D. citri. The findings also provide a basis for the studies on
the function of viral symbionts in insect hosts and interaction of D. citri.
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LT, Az 5C R AN RE ™M k] 7 s TixX 3 2R
Hi—2& BT LABERR B SO S L T A2 4L, T8
WO, A Y 5 B2 e B EE R SCR
(Hurst & Hutchence,2010) . T 4F R WF 5T & L, K
SEILAE T B IR M S R AR OGN R A A
AXBE A WL e BT I B FR o3, 38 T i A R
B i T IR A ) AR W B i o LR AR
PRI FIRE Sy, AR B H A 3 A R AE I P
R4, 20065 #4022 %5, 2009; Himler et al.,2011;
Zabalou et al.,2004) . FHUKHNRYANHIL S B BAF
T Wp IR #4105 22 ( Thao & Baumann,2004) .
4% AR B\ Diaphorina citri Kuwayama J& 2 H
Hemiptera AEE} Liviidae (Percy et al., 2018) , F %
JEHEZARHEY) , DG 8 52 % B, 8 Clausena
lansium ( Lour.) Skeels. JUH. & Murraya paniculata
(L.) Jack FI¥#% Citrus medica LIRZ , A& HE
ot E Y B U ot B AR A 7 rh ™
R 2 — (MR B8 45 ,2006) o HEAE A B = kA
HUF R HOER BEHE AT A AR B e s e L, — ELARFE
HALAEMIRIIRE S (HRIEIH, 1986) . B LA
Y R BRI T 5T R B, BR T BB B e
oo I R Z A, AR AR B I A AR 2 HoA R
Wy, 40 9 2L A4 95 B (Nouri e al.,2015; Saha et al.,
2012; Stackebrandt & Goodfellow,1991) , Nouri et al.
(2015) 73Hr 1 THE S0 PN A0 A A AR EURDAE, S SIA
AR B AR N FFTE 2 Fh 248 10 S0 T 3 19 )7 91,
Reese et al. (2014) R A5 8.5, 1R S48 0
¥ (sanger sequencing) \RT-PCR il PCR F2iE , fizZ¢
YoE TARZHIREE T 5. BEJS , AR AR 3 i 9K
SR RE 31 ( Diaphorina citri reovirus, DcRV ) ( Chen et
al. ,2019) 25/ AZ 2 95 2% ( Picorna-like viruses,
DcPLV) ( Koonin et al.,2008) 24 J& W95 2% 7 51
( Diaphorina citri Bunyavirus, DeBV ) DL AZ %5
J¥ %1 ( Densovirus-like sequences, DcDNV) ( Nouri et
al. ,2015) MEAREFHICH C 955 ( Diaphorina citri-
associated C virus, DcACV) ( Nouri et al. ,2016) FH1E
AEZE T 9% 7% ( Diaphorina citri flavi-like virus, De-
FLV) (Matsumura et al. ,2016) AHZ4k 8 & BL, [R]B,
Nouri et al. (2015) ZEAMEA B P HIFH] 2] TIKR
P FEWE AR 51 ( Wolbachia prophage WO)  #H##
AREUR N LA A MRS A T (Syneytium endosymbi-
ont) B B % /KL 9% 7 (Mal de Rio Cuarto virus,

MRCV) # REIF7 0% 5 ( Nilaparvata lugens reovi-
rus, NLRV) BEFE /A S-RSM4 ( Synechococcus phage
S-RSM4) Fi1 Al DNA ( Tokyovirus Al DNA) ( Hert,
2008) . HIXLEILARAEY) R N LA i X AT
AR U RZ IR AN AE

Hr— A% P B AR (next generation sequencing,
NGS) HA P | 5 R | i o S5 R, RO
B TR ST M HERE . NGS ] DAFE AN HE 9% 3 4E
7/ 2N | (IR o 5 S B SN A R = SN R 1= R P SR iRl
RAHARE, Wi KA NGS Bl o #r, o] L3k S
o B S R 2H AR S MERDEE A EALANTE R (Ho
& Tzanetakis,2014; Hou et al. ,2011) , =il =0 7
BORAALBE 8 462 0 1) A= ) 1A 9 2 I8 70 % B AR Y
o BE S LA T EL AN 5 S0 B E AT 40 B0 4 ik
TR TR AR B i B, I HOR Y I 5
TAEGREFS WA B 5 45 1Y Jay FRAAE , 2187
TR PR E R R RE Y T 1, SR T BE A I 4
SE WU 4 J& (Nouri et al. ,2018) il #2717
AR RS 8 R 2 2 M R R BTSSR T
Z W, X RGN TEREAS BT #5415 5 3 1) Z2 A M ALst
etk A 2 5 L (Liu et al.,2011; Nachappa et
al. ,2012)

FARFE NG A B A R W 2R A 5T
I FH e S 20 P B2 AR FR /N RNA IR B2 H R %
e As FH ] 3 SR B0 BT #5707 1) 28 A W it A7 03
BrsesE A 18 T AR B A U Y7 41
HRAIE P81 1 22 57, DX 43 Hh 485 A [) 2 2B B A= W v i
WEAREFNE . R 1 AR R P 2R o B XA ARG AR B 1Y
SO AT HE— 2 T R AR B A [R] A A
AT B S O | BB O | M
T AL MEAE 5 32 ) LASE /R N ARG AR L P 24 o 2 0
15 T B R R 25 G 52
1 RS
1.1 #ikE®R

R A ER A AR AR AR R 27 1 el A M T
X H BEMAERE , T o N AN U
Murraya exotica L.53 55 5% , @S Fpi . BE 32 5% 0F
IRLEE 25 C DL L - D=16 : 8 AHXHEE 60%
~70 %,
1.2 2 RNA REER®

M2 ASFE 2 )3 L 20 Sk AR AR B
PR RV VRIS I, Trizol 42 HUE RNA, 4331
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B NG B 5 1 HL UK A1 Nano Photometer spectropho-
tometer Kl RNA FZE R K6 I -G 4% J5 1% =L 5tin
REQEAWAE BB BRA A #1475 54 H siR-
NA SCHER A
1.3 HFREBHEMIIEER TR

0 A5 38 1) S A0 25 B 7 81 4523k ploy-N FlI
5= 7 %), 3R 45 5 i 5 A9 clean data, [A] A 354
Q20.,Q30 F GC & ik, FFIM Trinity X 4F 474
%, [ BLAST #0445 20 245 2 1) unigenes 7E-L
KA e BEA T X, FAT- D REBE I R AE R
1.4 AR 7THALERSHHBAERFMBELY
ANI®iL

HI T 2 DFRER N SE A U R 2R AP TR 25 5%
KT S RAE N R R EAFTE 22 57 10 2 DR R,
Z: 8 Chen et al. (2015,2019) (775 K U5 FHi gk
ROR 22 el PR A A7 A L& PR JBR R, FH 0.01 mol » L7
His-MgCL,( pH 6.2) 22 B IFES , 1 0.22 um 383k
U8 I T AR o A T R TR T R LR

L FH S0 SR 4 64 nL - ST B
TREE LB S TR FE X H B el A AR
ARE,IFEFRE T —10, H RT-PCR J5 ¥ E T 4
FRErD 7 Fb N A o RS AT, WA TE S R
SR TS AR N AR A b RARAE 7 AN
AR BTSRRI a4 O T
FEARBE M IR RE A 44 0 RS T —2
5
1.5 HHFIREMNHEFHNE

G3 BIMCER T S 20 5 AR S ALY 40 SR Pk Y
W AL PSP R VA 2 AN FRRE A 7 D RE ) RN
i, BT .

SRAETU A IR , SR AR A K ) EP i
H Parafilm membrane ¥t 17 #il 25 B &R, B
B 50 mLL AYBEEIRAE T, IO 1 SR 1
L, FH RIS B0 Ak RS

TR 3 d WLEEHE BRI AAIE 1 B0, e %, JF: ]
WOBCE I BB TR, XA I A fE e B e R
I L rb e b R RARCEE T SE T R U Y O
R ek, R AR, H R MERET S,
1.6 HEALIE

HE % H Excel 3x 4435381, H Graphpad

6.0 XU ¢ A5 56 0 A7 T A7 5 52 5030 141 3
FIFREZEE

2 #ERE5SH
2.1 HRARFFISHIAE

FIA Mumina 515 X5 b AR A BV S AL iEA T
TP | 225 ARAS 00 clean reads, 3L 57441 M54 EAR
(transcripts) , J¥ 9117 215 F] 107700364 bp, P&
J& 1205 bp,N50 K0 3123 bp, fEFE AR
HE—2B 41 2T 22742 Z5 I REFE A (unigenes) , K
£k 39029359 bp, N50 & Sk 2838 bp, HiH, K
JE#E5T 1 kb A9 unigenes £ 11612 55, 15 51.06% .,
2.2 EFEINEEER

TELHEE RS 22742 2% unigenes W, B3 B
17673 4, TERR N 77.71%, b NR B 2119
unigenes & [ H1, AH LM FE 95% UL b 3t A Y
26.8% . MVCHCHIH) TR A IR 0B, MG A BURE S 2H
W7 PFHZAY unigenes 5 Genbank U 2 1 A 47 A
i\ unigenes FIPER ), 83 67.7% ; HR 5 00K &L
Bemisia tabaci Gennadius . #8 K\ Nilaparvata lugens
Stal FEA FH W Zootermopsis nevadensis Hagen 55 [
HHUME SR 5.9% (3.2% Fl 2.5% ; 573 4h 5 Ho A 4y
FIRIR YL 5 17.0%

2.3 EEINEES %

MG AR B 2, A 29893 7% (48.19% ) uni-
genes B GO VERE 249271 72 ( biological process)
[ 26 NINRENZE 13076 45 (21.08% ) unigenes 1B
20T I1HE (molecular function) ;19066 2% (30.73% )
unigenes HJ& T4 L4 73 ( cellular component) ) 10
AOIREW I (1) .

Y i B b, R 2= 40 0 72 (cellular
process, GO 0009987 ) 40 unigenes WERZ, N
6214 4% (20.78%) ; {F B¢ 2| 48 i i 72 ( metabolic
process, GO: 0008152) [#) unigenes X 3 £, H
5322 45 (17.80%) ; 1 B 2 A= W) 3 72 (single-or-
ganism process, GO: 0044699 ) f¥] unigenes & 4870
%(16.29% ) ; HARIHE 4000 25 LA F ik B £ 4T
4 (behavior, GO: 0007610) ¥ At 114 #2 ( rhythmic
process, GO: 0048511) Flff 7 i 72 ( detoxification,
GO: 0098754 ) [ unigenes fX A 17 (0.06%) . 13
(0.04%) F1 7 55(0.02%) .
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Sy FUIRER A R 2 AR 1 45 53 1 (bind-
ing, GO: 0005488 ) Flf b1 1k ( catalytic activity,
GO: 0003824 ) K unigenes 437l 45 6148 (47.02%)
F1 4344 25(33.22%) ; {3 B £ F5 12 15 P (transporter
activity, GO: 0005215) A9 unigenes i5 1041 2%
(7.96% ) ; LA TIREM B 7E 400 S LUF , Horh, bk
B2 4R 1R 2 F 5 M (metallochaperone activi-
ty, GO: 0016530) Y unigenes {H 5 £5(0.04%) ,

M ZH 7y D REZE R b TERE AL (cell, GO
0005623 ) 1 40 i1 355 53 (cell part, GO 0044464 ) fY
unigenes 14 4507 2% (23.63% ) ; 71 B £ 40 M0 &% (or-
ganelle, GO: 0043226) . K53F & &%) (macromolecu-
lar complex, GO: 0032991) ZHAfIfR ( membrane, GO
0016020) . 4 ffd J& &8 43 ( membrane part, GO: 004
4425) FN 4R il #5353 ( organelle part, GO: 00444 22)
() unigenes 7354 2493 (13.08%) 2240 (11.75%) .
2279 (11.95%) 2119 (11.11%) F1 1370 25(7.19%) ;
HAR RIS AE 1000 Z5LAF
24 NHERFHSH

HRAEHE S ZH A sIRNA DF42 Fr 91 1) 56 DX 7 R 3o
T30, RBAEAR AR A R 2 15 Bl
FERYALIR T 2], A M 22 X H AT Bl Fhofre o, 3t
A 11 M RE AL IR 41, JF HLiX 22 Fp 51 ] LLAE i
WAREUAN S H, Horb 2 ASFEEA AH R 75 25 8
B, f0 45 Canarypox virus , Choristoneura occidentalis
granulovirus | Diaphorina citri densovirus | Lactococcus
phage bIL312 | Diaphorina citri retrovirus, Shamonda
virus . Synechococcus phage S-CBS1 FI Wolbachia
phage WO ; f8 £ AR AR Tl RE A 7 Ff B0 A 27
Hubei tick virus 2, NLRV, MRCV ., Synechococcus
phage S-RSM4 Tokyovirus A1 DNA \DcRV ,DcPLV i-
solate BR1 , #8H& % X H E A FE FhEEA 3 Fh
#J%#F Pandoravirus dulcis ,Diaphorina citri bunyavir-
us I Prochlorococcus phage P-SSM3,

HI RT-PCR J7 859738 1 48t RMR 2 R 7
ol B B A 91 (181 2) IR D0 B IA ) 41 Y
FETEFIE AR
2.5 7 MAHEREXIHBAREINEE B RNT

R AR AR RO A A el AT AR AR LR RE 7 o
PR L2 g B XA AR A L B85 ) R T35 7 B9S2 4
& FIZAPRE 08 B AL S TR S B AR N B2 X H R
iR R e v NN P S R A A = 2 =

Hl PCR 5 RT-PCR #iiAix 7 Ff Py /5 2l e A
H A EURIRE N ASE M 2 B A% 4%, DT 4 2 AR, O
A4 R TS o B A S AR N 2 X H A
A el R REEAG A TR i 44 b AR TE S AL

JH S B FE 9 E THTE S 2H AR T S 2 AT A R
AU OR . WFST I, T A7 O R SRR TR
TESTLH R = B, 77 IR A 12,1821, 24 A1 27
KOESTHRY 3 H P24 77 59 i 2% TR 4 4
(B 3A) 5 3 SR 20 1 Pl 7 B9 o S 80 T R 1 5
A, BRI 7 Pl A AR B T AR AT R S O
(I 3B) 5 TS ALY FME F 7™ D | S T i 5 R
ST TE 2525 5 (181 3C.D) , BEHH 7 Fh iy et 9
FEXTEME 7 D i S M A e 3 R
3 itig

AT WAl A ARG AR LA P R B T RE Y
i, i unigenes JF 90 5 £ K EE 64T D)
AETERE, ARA3 Y9 17673 2% unigenes (77.71% ) W18
TR DA 50696 25 (22.29% ) A4k v R, HoJE K ]
AEEH T unigenes 2] , A58 TR )y 3
FEXT b (G F4E,2016) A AT RE = AFTER 2 DI g
ARFNHH A (Ho & Tzanetakis,2014) . 5 NR %k
e PEFEATLEXT, 25 SRR B, 5 AR AR L [R]85 4] B
ES

B2 yE7TMALXERSERAFIIAR
HIERRE HEEE A FR IR S5 R

Fig.2 Agarose gel electrophoresis of partly genomic

sequences of 7 viral endosymbionts
M. Marker; 1. DcRV; 2: NLRV; 3. MRCV; 4. Hubei tick virus 2;
5. Synechococcus phage S-RSM4; 6. DcPLV isolate BR1;
7. Tokyovirus A1 DNA.
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B . C D
2 400 1 " I 20 1 T = 50 -
% £ " 2 . 2 s
’\‘8300' o 0 [ 22%15- 240- [11]
U‘ﬂﬂ g . ]]lﬁ =) °* : = 253 : lll.l.lll
&520{ . z 2107 ., . Hog 30y W
i & DR i 9 —= ELFLE # o
oIS ] %ot S 54 _eedless g 1 *ols® o
:gii % 108 .: Pes .-....l. juns E\ 3 _'T:".O —wg - ﬂﬂ‘ g 20 ecoloee L
El_ :: 0 ol TT7 L] g g}n 04 . 6 - U g- 10 | 2.0_" ll-.ll
2 weeen El - & - et
< 3 FYYY
Z -100 : . 5 = ; B ® ;
RVEI A ST < RYESHH S ARVESFA AT
Uninjected group  Injected group -~ Uninjected group Injected group Uninjected group Injected group

B3 GESHAMKESANERFNEMBAERSITSHN
Fig.3 Analysis of female fecundity and lifespan of injected group and uninjected group
A: 3 HAR7 B0 B SRS 7 B0 C Bl H B EL D BAMEAF a0 A, p<0.055 ™ * p<0.01; " ™ p<0.001 ;s 227 AR
A; Average number of eggs laid every 3 days; B: Total number of eggs laid by per female; C: Average number of eggs laid per day;
**p<0.01; ***p<0.001; ns; The indicators are not significantly different (p>0.05).

AT AR 2 OGRS AR LAY B K

D Average lifespan of female. " p<0.05;

By

GO At 451 Won MG AR B S 5 E W) it

T2 unigenes E’ig,/ﬂg’#ﬁﬁ 3 AN A 1) 2 A0
IR AL W HERE . 725> T DIRE , unigenes $iH
IRZH) 3 DGR E G Az, S
“RHE\ Sogatella furcifera Hovarth (X3 FE4% 2018 ) FlHH
Y EL(ARAX,2017) WFRE4 R—B, SH 5

AEBE D9 T Candidatus Liberibacter solanacearum
FIA 5 747 95 T ) 5 48 25 K B Bactericera cockerelli
Sule %55 4 19 R A 45 R — 3 (Hurst & Hutchence,
2010) ,

XF siRNA JF 9 53 B FI9F 48 A 90, R A A Al Ak
PRI AR BT Bl 1 2 D FHREh S A7 8 Fib
FARIAN 10 FANE B IR BRI DS . H siRNA /Y
FAAEE B 3 86 055 2 7E AR A U P4 2 ] LA 3 Y
W EE, O HLAE DR A G A B RNA TUER Y BUA% B
FBE . ARYEAEGE R I A B8 07 % 0.22 pum Y
UESK AT VB VW P A0 B LT RN 2% BT, T DL AR A
R EE (Chen et al.,2015,2019) . FH R HHH
I B TR A A E, 2 SR o L ) A R EC R U
W5 9 18 R R [ T e EE ., R

FET B F T IR A ™ B R 7 il ) S BT
B A, PRt P S B0 S5 19 5k X AR F 5
AR S M BN TR B B S R R R A
FEHUE B B AR JEAE T T REME , 1845 77 2 72k
Yros 2 i E— 2D AESE

TS BRI A SR A, e IxE
(R A T AN 7 A W Y £ TR e G RE B i e
el A RE 71 (Roossinck , 2008) , X Fj & &
UL R #E A A EAEHIREE R . R E
AN R R A BT TR 3 S T 2 AL
BRI FE RS S AR AL, PN A B A
b b BA B X B AT AR I A A L A
H AR AL R E B, A Leptopili-
na boulardi Barbotin, Carton and Kelner-Pillault {4 P
BN U5 B Lpopli &R 4 Boulardi filamentous virus
(LbFV) RESZ M MEME SR UG 94T | SR GE LOFV Ji5 35 9
W T T ) e 5 BRI, A2 B SR 1 B
AR JE AR B B b TG 7 M A 2 ((Varaldi et al.,
2015) . #47 N LA: 9% 5 Pteromalus puparum nega-

IS4
w
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tive strand RNA virus 1 (PpNSRV-1) 24 | i
Hu A W WA T AN HZO BE Y B oL, 0T HLe o
RE M eh 722 Jo AR 1 53] B A ol e S A L 45 3 22
(Wang et al., 2017), Hi4% H B densovirus ( HaD-
NV-1) {244 J5 4y BRI, 4 HupEf 28 i
AR KB Fan e, UHZ AR UE YA #1158
FREM AR EH (Xu et al.,2014) , FEHEFIREBE
LW C 9% B Drosophila C virus ( DCV) | Cricket pa-
ralysis virus ( CrPV) fl Flock house virus ( FHV) 7
Yufg , #Ea 2 A: i A= ¥ Wolbachia YW 75 iy B 5
KT RA #4704 04 W B9 SR W ( Hedges et al.
2008) , ASHFTEABL, 7 B IEA R TE DeRV | Hubei
tick virus 2, NLRV | MRCV | Synechococcus phage S-
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