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B E [HA) F57 BEVE R Apis mellifera T i 4% ( Lake Sinai virus, LSV ) FE[H
HERKFH, HRTRERE M, Headumii, [A%] FAH Sanger MFER]) R4 V4 )7 84 A
HEHFI LSV RN 4K, #5444 LSV GIABR Jf: £ E GenBank., MIER FEH T3 28 4~ LSV FEHH 4K
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HRHERRERHLEHMGE [ER] LSV GIABR EREA 4K 5910 nt, £75 ORF1 ( B4 & 78-
2615), RDRP ( 1852-3720), #¥AK5eE H Capsid (3739-5301 ) Il ORF4 ( 5346-5798 ), 4xH:[K 41 RDRP
M ARG LB /e LSV GIABR J&T LSV2, F K2 5 4H /34l L AT 52 58 B AR R /) LSV2
RARMEA, [Eie] W RKEF I E8AmRIN LSV 2NA 4K A 5910 nt, JET LSV2, FFATfERE
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Complete genome sequences and phylogenetics
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Abstract [Objectives] To obtain the full-length genome sequence of the Lake Sinai virus (LSV) carried by Apis mellifera
in Guangdong Province, and investigate LSV polymorphism with phylogenetic analysis. [Methods] LSV GIABR was
detected in Guangdong, China in 2016. The full-length genome of this virus was sequenced using Sanger sequencing and
submitted to GenBank (accession number is MT732482). Twenty-eight genome sequences and 34 RDRP sequences were
downloaded from GenBank, aligned and analyzed by MEGA.X using both the maximum likelihood (ML) and
neighbor-joining (NJ) methods. A recombination event was predicted by RDP4.0. [Results] The complete genome
sequence contained 5 910 nucleotides, with an ORF1 segment (genome position from 78 to 2615) overlapping the RDRP
segment (from 1852 to 3720), a capsid protein segment (from 3739 to 5301) and a hypothetical protein segment (from 5346
to 5798). Analysis of the genome lineage, RDRP gene and recombination events suggest that LSV GIABR belongs to SLV2
and is a putative, major, parental sequence of LSV2 isolates from the United States and Australia. [Conclusion] LSV GIABR
detected in A. mellifera in Guangdong, China belongs to the LSV lineage 2, and is predicted to be a major parental sequence

of LSV2 isolates from the United States and Australia.
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21 A2 ARl T I A — 5 L ) AU A A
B S T (Pottsetal., 2016), Haflil,
TS B 35% MV EY A P RO T 15 5, Horb i
BRA 276 75 % g ( BORF| % 1 ) Apis mellifera

(Klein et al., 2006; Calderone, 2012) FIZJ7

Hig (rh1EE % ) Apiscerana (B ¥, 2020 ),
TERE, KEY 100 FETHEYIKIEE SRR, &
W42 49 IR 55 T B 4t ) 22 T (B R A B 4F 160
f¢.957C ( Calderone, 2012). i 2006-2007 4F4¢
TR R (CCD) A%, FHEHR
60 J7HEFEAIRL L B ( Cox-Foster et al., 2007; van
Engelsdrop et al., 2009 ), “F5%f 1 X —IW S
MR R T 1Tz 05, (B U 5 R AL 4TS
AR5 i0E o HATTERF A FIAT WL R 2 2 Fh
PRI 2% 52 e 2 e i B 0 1 5 A2 A7, g3 A
qlRAR . E RIGREE . BERAR . Y
ARV D A AN, ST SRR T (Potts
etal., 2010; Levy, 2011; Godfray etal., 2014;
Goulson et al., 2015 ),

SR, B W REAERR 1 20 tE4D 80 ARFRLIK
M—BHAE TR, X — B RAEAR R FIH T2k
HrFCE Varroa destructor [¥{24¢ ( Rosenkranz
et al., 2010 ), M2k PLIHE AR YL A AE R Rl 45
PR TE L RE N EAH . 78 2015 20, ©4f
It 20 A R A AT LA Ak Ak ST UG SRk e
% ( Bailey, 1968; Chen and Siede, 2007 ), &
BE MR 23 1 U e R 0 ( Cox-Foster
et al., 2007; van Engelsdrop et al., 2009 ; Genersch
etal., 2010; Evans and Schwarz, 2011; Cornman
etal., 2012). A 2015 5Lk, ZHEPIAH—1C
Il ( Next generation sequence, NGS ) 5t}
KHhn e T 4 e R B2 e, Bl
30 FRTEE BTk ( Galbraith et al.,
2018 ; McMenamin and Flenniken , 2018 ;
Grozinger and Flenniken, 2019 ), K% %
B IEHE RNA GTE, X200 5 I8 1% 1 ot i iE
B RNA SERHA R, & T/IMIBEIREE (Le
Gall et al., 2008 ), “H ULIE ML Sk E

MR ( Acute bee paralysis virus, ABPV ),
e T 598 (Black queen cell virus, BQCV ),
T KR E R EE  ( Kashmir bee virus, KBV )
LA 5] 2 R 5 (Israeli acute paralysis
virus, IAPV ), Ef1#R)E Dicistroviridae FJE
WG (Valles etal., 2017a ), HiAlhH LA %
AL FE 7% % 75 7 ( Deformed wing virus,
DWV ), Varroa destructor Virus 1 (VDV1), %
R4 HR R EE ( Sacbrood virus, SBV ) FIZEH& M
P W RGN B¢ ( Slow bee paralysis virus,
SBPV ) & Iflaviridae FH¥ M5t ( Valles et al.,
2017b ), LR R RE 28 Ry 18 PR B 8 JRR N T
( Chronic bee paralysis virus, CBPV ) Fl74 23t
J%# ( Lake Sinai virus, LSV ),
V2SR 8 T+ssRNA i85, S K2
5 600 nt. 2008 4FF Uk BT SE F R aA BH
( South Dakota ) $EIT P43 ( Lake Sinai ) [#)—
MishFEEY ., HAr, ©EIME LSV Wik R
( Lineage ) 3t 8 #1, LSV1-8, GenBank " HEFk
#42K A LSVI . LSV2.LSV3 LSV4 Fl LSVS,
Hop, Lsv2 ki R, HIERA 2Ky
5910 bp, HiSAKFeHEM 57.3 ku, fLHF 4 DNIFHL
e AE , R ST N TR, KT EREYD
27 nm, LSV AJ L@ . Y s fE,
A TR I8 . BES . MR AR, FEAE
i, (H R EARAE L AN 4 ( Daughenbaugh
etal., 2015), LSV NMUTEHIEEIEPAERE, £
JRYL ZFh HoAh B2 A, GnpE®E ( Bombus ), i
( Vespidae ), VALl ( Messor ) ( Fiirst et al.,
2014 ; Ravoet et al., 2014 ; McMahon and
Flenniken, 2015; Parmentier etal., 2016; Yang
et al., 2020). LSV #{F{ET S5 fE b, JHA7
TEAR R NG, RITE B H g e v [w] IR AG I 2] 3
A LSV #k % (Ravoetetal., 2015 ), FfiJFHF5E
T, B S R SR (CCD) 1Y
KA K (Cornman et al., 2012), FEH E#Fp
WA LG E , tnARIEEEF( Ravoet et al., 2014 ),
T JL4E, FIFH RT-PCR. Sanger JJ¥ . Illumina
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WP A — AR P ( NGS ) %5 J7 ¥ 7 36
( Daughenbaugh et al., 2015 ), P§¥E 7 ( Granberg
etal., 2013 ), HAI} (Ravoet etal., 2014 ), fif
2 EeB I WOCRIWE . AR . DL
T P EEZANEZACKIE] LSV ( Parmentier
etal., 2016 ),

2016 AFEASCIG AL AR E I R R A
P R IAE PG Oy e TP R B LSV, BfiJE
Sanger M P3RS FE A A 24K, 5910 bp, s
4 LSV GIABR, Jf Ff4% NCBI, &x5H
MT732482 , A< SCRF 3 1 4= F5 PRI AT LU XA 4347
JE DA T 240 H7 A S RDRP JE R HEAL 434745, il
R LSV GIABR & [ 4 R 1E 143 2

1 MRE5AZE

1.1 #§

T 20164E3 H1HE4H30H, 75 KA
21 ANH T DX 7R 5 86 e PG 7 2 W e W R AR A
i, BEIELRAE 3 RS, R LG T
Ui R it 25 10 L, AU AR N 25 o SR AR SR 75%
PR, P ar el WIS, TR %54
KT - 80 °Cuk#f, HIT RNA $2HL,

1.2 RE&D

f# ] TRIzoL Reagent ( Invitrogen, Carlsbad,
USA ) G HR IO 2 A S RNA, 1%3505
B EE I HL UK AT Nanodrop 43960611 (IMPLEN,
CA , USA i OD2s0/ODagg ). f#i FH PrimeScript™
II 1st strand cDNA Synthesis Kit ( TAKARA, K
HEEAY) ) AN —4E cDNA, -20 CIRAF&
Mo LSV f W@ 54 : LSVdeg-F:
GCCWCGRYTGTTGGTYCCCCC, LSVdeg-R:
GAGGTGGCGGCGCSAGATAA AGT ( Ravoet
et al., 2013 ), ¥ IEHEHAE24E (dea)
f) DNA § 14} ( 2xEasyTaq® PCR SuperMix,
Cat. AS111-12 ), PCR §"#¥{K % : 2x taq 12.5 uL,
10 pmol' L ™' IE X M 5 #1 46 1.0 pL, ddH,O
10.5 uL . PCR ¥ $4454:95 °C 3 min,94 °C 30's,
55 °C 30 s, 72 °C 30 s, 35 MEH, 72 °C,
10 min, 4 °CLRAF . 1%3EEME VKA, [TSCRT R

FONBIBHTESHS , R T Bk, HAL KB H
DHSo EZ A4, FRAGHMERRE T, 4553 4
PR e Tk e b 2L ( 1 ) 554 PR Fl ik
i, i3 81 _EA4% 2 NCBI #8457 BLASTn 43
Hr, TR IR

1.3 LSV EFEANFMoHT

FIRKTI S R R A LSV BN, JEE
MR P58 AT 51 4 /9 PCR 7= 47 NCBI L
BLAST L X 4 #f, 45 R 5 GenBank
HQ888865.2 fmy BEAHL » Pl AR Sk HQ888865.2
AR T 6 XE14 (R 1) P71 LSV &K,
ffi H &5 % B Pfu ( Stratagene ) m #& KOD
( Toyobo ) §"##354% PCR ¥ #4724y, r=#yaifl
J&, R T 8K, ALK DHSo B2 2540
L, BRAGPHVESERE -, A3k 3 APk FopE Tk
HEBESE ( 1) A RARSATINT . i)y
511 MegAlign §f4% ( DNASTAR, Version 6.0 ),
WAF LSV SRR K, SRR )7 I #2383
GenBank, J¥%5 &5 MT732482, 7E GenBank H1
TEIIAL 27 AL L e HE R 2 5 R
Ak MEGA ( MEGA.X ), fif i & K 14K i
( Maximum Likelihood ) R G K M,
GTR + G + I #5711 000 bootstrap replicates T2
TR, IR AL R A A 3L R P AR LS
340, FIFH RDP 4.0 B4R Hr sk R 4126 & A
R LA E

1.4 RDRP RZA B

PEFE GenBank ' 34 K EIL{IAY RDRP
FEFA, kA AR, far2 Bt 6. W
KA. rEadE. &R Fhnfdh ER LSV, 2,
3, 4,5, 8 MIREHKFH, DLIAFRERSFK
R AL 5 AT bX (dbst, Y0PE, b,
SO, AR ) BEY IR LSV BYE
RDRP 741, #HUKE R 491 bp HIF 175
Mro FIFHE A MEGA (MEGA.X), ffi FHAR#E
( Neighbor-Joining ) T RGE KT W, Pk
Kimura 2-parameters # 7%, #| & I}& 1 000

bootstrap replicates,
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2 #RESWH

2.1 LSV HIPA{ESR

FIFH RT-PCR i 43 504G 0 7R 48 e A o5y
156 1oy, PHITEEMERES 54 1y, AUAE 2 TS %
AL S ARSI 2] LSV, T 7 8 Bt i BH ARG ) R
H3.7%.

rKY465710.1 LSV2 strain VN3 AUS 2014
3 KY465711.1 LSV2 strain QLD AUS 2014
— KY465712.1 LSV 2 strain TASAUS 2014
KY465709.1 LSV2 strain VN2 AUS 2014
78[KY465708.1 LSV2 strain VN1 AUS 2014
—KY465713.1 LSV2 strain SA AUS 2014
KY465706.1 LSV2 strain WA1 AUS AUS 2013
1 {KY465707.1 SV2 strain WA2 AUS 2014
100, MT732482 LSV strain GIABR China 2016
3 HQ888865.2 LSV2 strain BruceSD USA 2009

93

6

(US)

100

KY354241.1 LSV TON 2015

— ———KY354243.1 LSV SA1 ZAF 2013
KY354244.1 LSV strain SA2 ZAF 2013 |

100

0.20

2.2 LSVGIABR £2ERARMTS RELZ T L

LSV GIABR 4K 5910 nt, fu# 4 DIFik
BERSHE, ORF1 (LN 'E 78-2615) . RDRP
(1852-3720) . #AK5EHE M Capsid (3739-5301 )
F1 ORF4 (5346-5798) . MR RGZKE 50 (El
1), J&F LSV2, SR A K75 B L o1,
LSV GIABR 5 LSV2 (KY465711.1) #LUE A

LSV2

100 KY465715.1 LSVS strain VN2 AUS 2014

7‘6? MH267699.1 LSV3 isolate MR SWE 2009

100 L MH267700.1 LSV3 isolate MS SWE 2009 LSV3
87 L MG918125.1 LSV strain M92 SVN 2010

KX883223.1 LSV strain WHCC111282 China 2013
HQ871931.2 LSV1 USA 2009

lloor KY465697.1 LSV1 strain WA1 AUS 2013
KY465698.1 LSV1 strain WA2 AUS 2014
KY465703.1 LSV1 strain SA AUS 2014
KY465704.1 LSV1 strain TAS AUS 2014
KY465705.1 LSV1 strain NT AUS 2014
KY465701.1 LSV1 strain VN3 AUS 2014
KY465702.1 LSV1 strain QLD AUS 2014
KY465699.1 LSV1 strain VN1 AUS 2013
99l KY465700.1 LSV1 strain VN2 AUS 2014

LSv4

LSV1

1 LSV ERA#HNLSH

Fig.1 Phylogenetic comparison of 28 complete genome sequences of LSV

FXF T 28 4> LSV BRI R G R TW, HAIF MEGA X Clastal W HLXT, SRS 6 R AR
H AR, R GTRAGHT AR, T IHH 1000 1K, AJEAUCSEER Il 3 72 iU LSV GIABR
27 genome sequences were downloaded from GenBank. All the 28 complete genome sequences were aligned and cut to
5 686 nucleotides including gaps. A phylogenetic tree was built with MEGA.X using the maximum likelihood method,
the GTR+G+I model; the reliability of the tree was tested through 1 000 bootstrap replicates.
A represents complete genome sequence of LSV GIABR which sequenced by our lab.



- 1088 - R B H1 244 Chinese Journal of Applied Entomology 57 %

94.55%, 5 LSV2 (HQ888865.2) HHLIFE K
94.11%; 5 LSVI (HQ871931.2) MMLIE N
73.15%; 5 LSV3 (MH267700.1) F{UE N
73.78%, 5 LSV4 HrEPk (KX883223.1 ) AH{IEE
i 74.67%; 5 LSV8 (KY467615.1) ML R
73.3% . PO PR LU A8 1 5t A% R B85 0K TR O 0L 1 2
0.057 92, 0.388 65, 0.390 15 0.403 53, 0.397 58
(%2) . HHEAFHF/HT (Recombination
events analysis ) Z2 I, [E N E ARG B A FE R 4H 4
KWtk LSV #ARE M e RN R T,
M LSV GIABR ( MT T732482 ) #il LSV2
KY354241.1 AJRERAR N EAF 0y BEA, R4t
R R BT 91 o F 4 35 A4 300 & A 12— 24
JRMEZE 1954-1967, 55 —AWiZd 5 2140-2167
(1 2), RDP4 (P=4.342x10"*") (P<0.05, %
REAFEA R, 3 RS A G £ 0 Ay
AR XEAEM), BMELFRERAEEDY
HQ888865 FIL K FV. KY465706, KY465707,
KY465708, KY465709, KY465710, KY465711,
KY465712, KY465713, X—&5H8 v RDP 4
R S MR RIS GE, 435152 : GeneConv ( P=
4.539x10 %), BootScan( P=4.784x10 %), MaxChi
(P=7.253x10"") , Chimaera ( P=1.994x10" %)
1 SiScan ( P=1.999x10"*)

23 LSVRDRP EEERZEZESH

FRAEIE 3 T2, #H RDRP LK & 558 kb 43
Br, LSV GIABR HJET LSV2, HTHE}—1E
PAFEKM) LSV HJE T LSV4, X 45 IR 4 5
léﬂ%éﬁﬁﬂcéﬁﬁw iR —F kAP EI

SN AL AR T LSV4, YLV IHT
LSV3, (AR B IHF LSV2,

3 #Hig5iig

2016 4% ilad X TR A 21 g TR A
54 {3V W T ANAE 2 153V R B i ARG
F| LSV2, FHMERMZR 3.7%, 2011 4, A
BHREINY) LSV IR ARBAYEZRN 14.6% (Ravoet
etal., 2013) . 7F 2013 4% 2015 4F 2 [i] 35 [F 4%
Z AT 0B b LSV2 BHME R A 21%-33%

( Traynor et al., 2016) .

LSV #4552, At gk e
YOER 8 MR R, TEFREAL 6 ME TR,
e, V0P, wrde, M, AR ) EiE AR E
LSV2, LSV3 FILSV4 (|41 3) (Shietal., 2016;
Yang et al., 2020), fij7E3E E A4 JE M

( California ) FlI5¢ K% ( Montana ) R[] B Rz
7 6 Mk%&, LSVI, LSV2, LSV3, LSV4,
LSV6 Ml LSV7 ( Daughenbaugh et al., 2015) ,
BB AR A REAS N E] 3 ik & ( Ravoet
etal., 2015) . KRR ZBIER AP HI AL 2
SR, [k RBEAEPIUE S, LSV GIABR 5
LSV2 (KY465711.1 ) tHEE 94.55%, 5 LSV2
( HQ888865.2 ) AH L& 94.11%; 5 LSVI
( HQ871931.2 ) AHML B 73.15%; 5 LSV3
( MH267700.1 ) AH{LLJE 73.78%, 5 LSV4 Hi[H
Pk (KX883223.1 ) AHLREE 74.67%; 5 LSV8
(KY467615.1) FIE 73.3%. EEHERHE
WAE LSV 15 3, fF519M (Bigotetal., 2017) ,
AEME ( Ravoet et al., 2015; Parmentie et al., 2016 )
AT E M KB (Yang et al., 2020) , LAIKTE
[V 2 B¥I% Osmia excavata Hs 3 & il v a] i
(Ravoet et al., 2015), ULBHHINA LT W1E +
J L, XS HALE R AN, 5T R T BE
Fh LSV #1577 (Codon usage ) 5 HAh
LB BE ) S T F SRR, LSV 2 iS+H
25 50K BLAHE () 2 RS - A J EAH DG, AR
S TS5 A () 5 R e e o T e DL 7 1Y
YT IR A PE R S e Lk ( Co-evolved )
( Cornman, 2019 )., LSV 1] DAKG I 2175 5k 37 BC
WP AR, (R IR RER I ) 7E AR N & I, 7E
BEME T RER NS LSV & H| (Ravoet et al.,
2015). ik, LSV ML LR R0 A Ff
ISR B 2 AR I

FHFHEH LSV2 GIABR #il LSV2
KY354241 {Eh FEREASRE TR i Begn 4l
+, Ml LSV1 B KY465701. KY465702.
KY465703 . KY465704 . KY465705 . HQ871931.2,
KY465699 . KY465700 1F AR ZEREA ™ A ) E5 41
T HQ888865 . KY465706 . KY465707 . KY465708 .
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Fig.3 Phylogenetic comparison of RDRP gene sequences of LSV

M GenBank R TR A RN f22 Hib . G MR, mE. WL E &L RDRP BE A A4 K 8841551
FIFH MEGA. X #4407, #8491 bp KIMIR MG R L B RAISRHES, Kimura 2-Z 4068, BEIHH 1000 K.
PEBAT AR JEEL R, Al SN IWARRITISR s AJEAYRSEER TN R S8 U LSV GIABR.

Most closely related sequences from Belgium (BEL), the Netherlands (NDL), Sweden (SWE), United States of America (USA),
Australia (AUS), China (CHN), South Africa (ZAF), and Tonga (TON) and all the RDRP sequences from 6 provinces of China were
downloaded from GenBank. Each of the samples was presented with GenBank accession number. Phylogenetic tree was generated with
software MEGA. X using neighbor-joining (NJ) method implemented with the Kimura 2-parameters model, and the reliability of
trees was tested through 1 000 bootstrap replicates. A represents RDRP sequence of LSV GIABR which sequenced by our lab.



53] o ARAE R E VY AR R R N AL S R SR T T

+ 1091 -

KY465709. KY465710, KY465711, KY465712.,
KY465713 1A fa il ) 5§ 40 S F A A 7E LSV3,
LSV4 F1 LSVS, X455 Cornman (2019 )
Frig4iie—3 . XWAAGEE LSV3. LSV4 Al
LSV8 4 FE K24 )75 LA il . (ELE Rk
Ui, LSV RAEA MW Hetk bk, JEHEY4 751
A2, BERHE AL T EAEE I, g
o AL S AT R AR — B A AR
T RNA 5 25 5 5 19 1 Ak 52 176 4 DA gk i 6 58 J
N, e R R G TCE A ST EA T, S
A RNA J#E—FF, SERER I B 0w e
ZREVE . A SRR RGE R T, I, S E R
PR EE, W F IS8 ik i iR L, TRAT
a7 LA R B i e OGN — 20

VG 2% 1199 75 7 G 55 e 3 %) e T e T S B
==E# (Cornman et al., 2012; Daughenbaugh
et al., 2015; Glenny et al., 2017) , FHXfFH
B RNA WIS = 2L, JF AR
MR IR YL  MANTE RV T B AN R A LSV
PRAR B EEAF A, HO B A R A 75 AL
5%, WATINF LA S AL AT R AR S 5T . (HAR
B, Sk AHRSEAHTEL LSV 23R4
I 5 = A B TSk S 5T

S22k (References)

Bailey L, 1968. Honey bee pathology. Annual Review of Entomology,
13:191-212.

Bigot D, Dalmon A, Roy B, Hou C, Germain M, Romary M, Deng S,
Diao Q, Weinert LA, Cook JM, Herniou EA, Gayral P, 2017. The
discovery of halictivirus resolves the Snaivirus phylogeny.
Journal of General Virology, 98(11): 2864-2875.

Calderone NW, 2012. Insect pollinated crops, insect pollinators and
US agriculture: Trend analysis of aggregate data for the period
1992-2009. PLOSONE, 7(5): €37235.

Chen YP, Siede R, 2007. Honey beee viruses. Advances in Virus
Research, 70: 33-80.

Cornman RS, 2019. Relative abundance and molecular evolution of
Lake Sinai virus (Snaivirus) clades. Peer J., 7: €6305.

Cornman RS, Tarpy DR, Chen Y, Jeffreys L, Lopez D, Pettis JS,
Vanengelsdorp D, Evans JD, 2012. Pathogen webs in collapsing
honey bee colonies. PLOSONE, 7(8): e43562.

Cox-Foster DL, Conlan S, Holmes EC, Palacios G, Evans JD, Moran

NA, Quan PL, Briese T, Hornig M, Geiser DM, Martinson V,
Vanengelsdorp D, Kalkstein AL, Drysdale A, Hui J, Zhai J, Cui L,
Hutchison SK, Simons JF, Egholm M, Pettis JS, Lipkin WI, 2007.
A metagenomic survey of microbes in honey bee colony collapse
disorder. Science, 318(5848): 283-287.

Daughenbaugh KF, Martin M, Brutscher L, Cavigli I, Garcia E,
Lavin M, Flenniken M, 2015. Honey bee infecting lake sinai
viruses. Viruses, 7(6): 3285-3309.

Evans JD, Schwarz RS, 2011. Bees brought to their knees: Microbes
affecting honey bee health. Trends in Microbiology, 19(12):
614-620.

Fiirst M, McMahon D, Osborne J, Brown MJF, 2014. Disease
associations between honeybees and bumblebees as a threat to
wild pollinators. Nature, 506 (7488): 364-366.

Galbraith DA, Fuller ZL, Ray AM, Brockmann A, Frazier M,
Gikungu MW, Martinez JF I, Kapheim KM, Kerby JT, Kocher
SD, Losyev O, Muli E, Patch HM, Rosa C, Sakamoto JM,
Stanley S, Vaudo AD, Grozinger CM, 2018. Investigating the
viral ecology of global bee communities with high-throughput
metagenomics. Scientific Reports, 8(1): 8879.

Genersch E, von der Ohe W, Kaatz H, Schroeder A, Otten C,
Biichler R, Berg S, Ritter W, Miihlen W, Gisder S, Meixner M,
Liebig G, Rosenkranz P, 2010. The German bee monitoring
project: A long term study to understand periodically high winter
losses of honey bee colonies. Apidologie, 41(3): 332-352.

Glenny W, Cavigli I, Daughenbaugh KF, Radford R, Kegley SE,
Flenniken ML, 2017. Honey bee (Apis mellifera) colony health
and pathogen composition in migratory beekeeping operations
involved in California almond pollination. PLOS ONE, 12(8):
¢0182814.

Godfray HCJ, Blacquiére T, Field LM, Hails RS, Petrokofsky G,
Potts SG, Raine NE, Vanbergen AJ, Mclean AR, 2014. A
restatement of the natural science evidence base concerning
neonicotinoid insecticides and insect pollinators. Proceedings of
the Royal Society B, 281(1786): 20140558.

Goulson D, Nicholls E, Botias C, Rotheray EL, 2015. Bee declines
driven by combined stress from parasites, pesticides, and lack of
flowers. Science, 347(6229): 1255957.

Granberg F, Vicente-Rubiano M, Rubio-Guerri C, Karlsson OE,
Kukielka D, Belak S, Sanchez-Vizcaino JM, 2013. Metagenomic
detection of viral pathogens in Spanish honeybees: Co-infection
by aphid lethal paralysis, isracl acute paralysis and Lake Sinai
viruses. PLOS ONE, 8(2): €57459.

Grozinger CM, Flenniken ML, 2019. Bee viruses: Ecology,
pathogenicity, and impacts. Annual Review of Entomology, 64:
205-226.



- 1092 -

o B 3244 Chinese Journal of Applied Entomology 57 %

Klein A, Vaissiere BE, Cane JH, Steffan-Dewenter I, Cunningham
SA, Kremen C, Tscharntke T, 2006. Importance of pollinators in
changing landscapes for world crops. Proceedings of the Royal
Society B, 274(1608): 303-313.

Levy S, 2011. What's best for bees. Nature, 479(7372): 164-165.

Le Gall O, Christian P, Fauquet, CM, King AMQ, Knowles NIJ,
Nakashima N, Stanway G, Gorbalenya AE, 2008. Picornavirales,
a proposed order of positive-sense single-stranded RNA viruses
with a pseudo-T = 3 virion architecture. Archives of Virology,
153(4): 715.

Mcmenamin AJ, Flenniken ML, 2018. Recently identified bee
viruses and their impact on bee pollinators. Current Opinion in
Insect Science, 37(4): 33.

Parmentier L, Smagghe G, de Graaf DC, Meeus 1, 2016. Varroa
destructor Macula-like virus, Lake Sinai Virus and other new
RNA viruses in wild bumblebee hosts (Bombus pascuorum,
Bombus lapidarius and Bombus pratorum). Journal of
Invertebrate Pathology, 134: 6-11.

Potts SG, Biesmeijer JC, Kremen C, Neumann P, Schweiger O,
Kunin WE, 2010. Global pollinator declines: Trends, impacts
and drivers. Trendsin Ecology and Evolution, 25(6): 345-353.

Potts SG, Imperatriz-Fonseca V, Ngo HT, Aizen MA, Biesmeijer JC,
Breeze TD, Dicks LV, Garibaldi LA, Hill R, Settele J, Vanbergen
AJ, 2016. Safeguarding pollinators and their values to human
well-being. Nature, 540(7632): 220-229.

Ravoet J, Maharramov J, Meeus I, De Smet L, Wenseleers T,
Smagghe G, deGraaf DC, 2013. Comprehensive bee pathogen
screening in Belgium reveals Crithidia mellificae as a new
contributory factor to winter mortality. PLOS ONE, 8(8): €72443.

Ravoet J, De Smet L, Meeus I, Smagghe G, Wenseleers T, de Graaf
DC, 2014. Widespread occurrence of honey bee pathogens in
solitary bees. Journal of Invertebrate Pathology, 122: 55-58.

Ravoet J, De Smet L, Wenseleers T, de Graaf DC, 2015. Genome

sequence heterogeneity of Lake Sinai virus found in honey bees
and Orfl/RdRP-based polymorphisms in a single host. Virus
Research, 201: 67-72.

Rosenkranz P, Aumeier P, Ziegelmann B, 2010. Biology and control
of Varroa destructor. Journal of Invertebrate Pathology, 103(1):
S96-S119.

Shi M, Lin XD, Tian JH, Chen LJ, Chen X, Li CX, Qin XC, Li J,
Cao JP, Eden JS, Buchmann J, Wang W, Xu JG, Holmes EC,
Zhang YZ, 2016. Redefining the invertebrate RNA virosphere.
Nature, 540(7634): 539-543.

Traynor KS, Rennich K, Forsgren E, Rose R, Pettis J, Kunkel G,
Madella S, Evans J, Lopez D, van Engelsdorp D, 2016.
Multiyear survey targeting disease incidence in US honey bees.
Apidologie, 47(3): 325-347.

Valles SM, Chen Y, Firth AE, Guérin DMA, Hashimoto Y, Herrero S,
de Miranda JR, Ryabov E, 2017a. ICTV virus taxonomy profile:
Iflaviridae. Journal of General Virology, 98(4): 527-528.

Valles SM, Chen Y, Firth AE, Guérin DMA, Hashimoto Y, Herrero S,
de Miranda JR, Ryabov E, 2017b. ICTV virus taxonomy profile:
Dicistroviridae. The Journal of General \irology, 98(3):
355-356.

van Engelsdorp D, Evans JD, Saegerman C, Mullin C, Haubruge E,
Nguyen BK, Frazier M, Frazier J, Cox-Foster D, Chen Y,
Underwood R, Tarpy DR, Pettis JS, 2009. Colony collapse
disorder: A descriptive study. PLOSONE, 4(8): e6481.

Yang S, Gayral P, Zhao H, Wu Y, Jiang X, Wu Y, Bigot D, Wang X,
Yang D, Herniou EA, Deng S, Li F, Diao Q, Darrouzet E, Hou C,
2020. Occurrence and molecular phylogeny of honey bee viruses
in vespids. Viruses, 12(1): 6.

Zeng ZJ, 2020. Advances in honeybee biology in China over the past
70 years. Chinese Journal of Applied Entomology, 57(2):
259-264. [R50, 2020. HE 70 EREEEAYIAARIR R,
7 RE R 2A4R, 57(2): 259-264.]



