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Abstract: Honeybees are important pollinators to agriculture and producers of honey products as well as

a model social insect for scientific research. The present overview summarizes the progresses on

pollination and bee products diseases and immunity and labor division behavior.
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Table 1 Anti-inflammatory mechanism and effectiveness of melittin
Animal model Mechanism Method Dose References
IKK I«B NF«B  p38 ;
0.1-1 pg/mL  Leeet al. 2014
TLR2 CD14 1 -100 pg/ Lee et al. 2014
TLR2 4 TNF« IL-1B
; caspase3 8 THP4 0.1 -1pg/mL Lee et al. 2014
PARP
NO iNOS [«Ba
BV2 0.5 -2 pg/mL Moon et al. 2014
JNK NF+«B
IL4B IL-6 TNF-« PDE2 ;
SH-SY5 0.5-2 pg/mL Hanet al. 2014
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Animal model Mechanism Method Dose References
hospop38 : ST36
phospop 0.1 wg/g Yang et al. 2011
; o= 2
Ibad  CD14 ; ST36
0.1 pg/g Lee et al. 2014
CDh14  COX=2 3
PDGRB Son et al. 2006
0.4-0.8 pg/mL
2007
HDL; TNF-« IL4B VCAM- ICAM- 2 0.1 mg/kg Kim et al. 2011
1 TGFB1
THPH
IL4B8 TNF« NF-«B 0.1 -1 pg/mL
- ;
TNF-a
EGFR ERK NF-«B 2 pg/mL Cho et al. 2013
LPS COX2 PEG2 cPLA2 NO
Park et al. 2004
iNOS : JUK NF-«B 5-10 pg/mL
2007 2008
[«B p50
2
0.1 mg/kg Park et al. 2011
VCAMH IL6 TNF-« 12
IL4B8 TNF« IL-6 0.1-1 pg/mL
GaIN/LPS
0.1 mg/kg Park et al. 2012
IL4B TNF-o« NF+«B
NF+«B AMLI2 0.5-2 pg/mL  Park er al. 2014
TNF-« IL-6  p-STAT3 2
4 0.1 mg/kg Kim et al. 2015
1.2.3 50% 30% 5%
10% ( Burdock
1998) . e
N ( 2008)
( Wagh 2013) . . N N N

( Sforcin and Bankova



( Hill's kinetic model) S

( Patel 2014) . ( sigmoidal profile) : Vmax =
0.757 + 0.021 pmol/mg /min  Hill =
10.90 £ 2. 80 ( Substrate
( Patel 2014) . Concentration Half-maximal Velocity) Km =33.35 +
0.55 uM 16.63 +
1.52 pL/min/mg
( Cunha et al. 2004) P450 C
( Andelkovi¢ et al. 2017) o CYP2E1
300 CYP2C9.
(5 7- ) C
( ) ( Pazin et al.
C ( Kumazaki 2016) .
et al. 2014; Patel 2014) . . ( Caffeic Acid Phenethyl Ester
CAPE)
( 2006; de Sousa et al. 2011; N
2013) , . . . .
C ( Artepillin C) o
(Ma et al. 2016) .
( Hata et al. 2012) . C CAPE
( 2) C
- Carrdo (2017) ( Allameh and Salamzadeh 2016) .
C
2 C

Table 2 Function and mechanism of Artepillin C

Function Animal model Mechanism References
T Gao et al. 2015
DNA Rodrigues et al. 2017

Veiga et al. 2017

Nishikawa et al. 2016

V79 De Oliveira et al. 2013
ROS RNS NO NF-
MTT LDH Szliszka et al. 2013
kB
MTT LDH TRAILR2 NF-«B
Szliszka et al. 2012
caspase3 8 m

miHA HK-=2

ch4 T Cheung et al. 2011

il ( PPAR)

37341 Choi et al. 2011
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Fig. 1 Morphology of AmFV virions

: A B “« ”»

o Note: A B Electron micrographs of “milky” bee hemolymph containing characteristic AmFV nucleoproteins

(np) and enveloped virions ( v) .
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32% -34%)
2015) . LSV2
57.3 kDa
2015) . LSV

Mosino Virus (

( Daughenbaugh et al.
5904 bp
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3050 Aa ( Slow Bee Paralysis
N N LSV Virus SBPV) 46% -
N ( Daughenbaugh 3 RdRp

et al. 2015) . 3C . ( Mordecai

et al. 2016) , (V. destructor
o Macula-ike Virus VdMLV)
( Moku Virus MYV) ( Bombyx Mori Maculadike Latent Virus
Vespula pensylvanica BmMLYV)
o 30 nm ssRNA 6500 bp
MV +ssRNA 10056 bp 3° 24 kD ( Erban et al. 2015) .

poly A 9153 bp

3
Table 3 Honeybee Viruses

Number Genus Name Genome size References
dsDNA
(1) Baculoviruses  A. mellifera Filamentous Virus ( AmFV) Gauthier et al. 2015
498500 bp
dsRNA
(2) Dicistroviridae  Acute Paralysis Bee Virus ( APBV) Govan et al. 2000
~ 9470 bp
+ ssRNA
(3) Dicistroviridae Black Queen Cell Virus ( BQCV) Leat et al. 2000
~ 8550 bp
dsRNA
(4) Dicistroviridae Kashmir Bee Virus ( KBV) de Miranda et al. 2004
9506 bp
dsRNA
(5) Dicistroviridae TIsraeli Acute Paralysis Virus ( TAPV) Maori et al. 2007
~ 9487 bp
+ ssRNA
(6) Iflaviridae Sacbrood Virus ( SBV) Ghosh et al. 1999
~ 8832 bp
) ) + ssRNA Lanzi et al. 2006;
(7) Iflaviridae Deformed Wing Virus (DWV-A B ()
10 140 bp Martin et al. 2012
+ ssRNA
(8) Iflaviridae Slow Bee Paralysis Virus ( SBPV) De Miranda et al. 2010
~ 9500 bp
+ ssRNA
Olivier et al. 2008
(9) Nodaviridae ~ Chronic Bee Paralysis Virus ( CBPV) RNAI =3674 bp

Liet al. 2016
RNA2 =2305 bp

(10) Dicistrovirus ~ Big Sioux River Virus ( BSRV) + ssRNA Runckel et al. 2011
+ ssRNA

(11) Nodaviridae ~ Lake Sinai Virus complex ( LSV1 2-7) Daughenbaugh et al. 2015
~ 5904 bp

(12) Tymoviridae ~ Varroa destructor Maculadike Virus ( VAMLV) + ssRNA de Miranda et al. 2011
+ ssRNA

(13) Cloudy Wing Virus ( CWV) de Miranda et al. 2015

~ 1700 bp
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Number Genus Name Genome size References
(14) Apis Iridescent Virus ( AIV) + ssRNA Bailey and Ball 1991
+ ssRNA
(15) Iflaviridae Varroa destructor Virus 1 ( VDV) Moore et al. 2011
~ 10000 bp
+ ssRNA
(16) Iflaviridae Varroa destructor Virus 2 ( VDV2) Levin et al. 2016
~ 9576 bp
+ ssRNA
(17) Iflaviridae Varroa destructor Virus 3 ( VDV3) Levin et al. 2016
~ 4202 bp
+ ssRNA
(18) Tymoviridae ~ Bee Macula-like Virus ( BeeMLV) de Miranda et al. 2015
~ 6500 bp
+ ssRNA
(19) Iflaviridae Kakugo Virus ( KV) Fujiyuki et al. 2004
~10152 bp
+ ssRNA
(20) Iflaviridae Moku Virus ( MV) Mordecai et al. 2016
10 056 bp
(21) X Bee Virus X ( BVX) + ssRNA Bailey and Ball 1991
(22) Y Bee Virus Y ( BVY) + ssRNA Bailey and Ball 1991
(23) Dead Pupae Virus ( DPV) + ssRNA Bailey and Ball 1991
(24) Arkansas Bee Virus ( ABV) + ssRNA Bailey and Ball 1991
+ ssRNA
(25) Berkeley Bee Virus BBPV de Miranda et al. 2015
~9000 nt
(26) Egypt Bee Virus ( EBV) + ssRNA Bailey and Ball 1991

Sacbroad Virus
(27) + ssRNA Bailey and Ball 1991
Thai strain ( TSBV)

Chronic Paralysis Virus
(28) + ssRNA Bailey and Ball 1991
Associate ( CPVA)

2.1.2 o
( American foulbrood AFB) P. larvae
( European foulbrood EFB) ( Ebeling et al. 2016) .
( Forsgren 2010) , AFB ( Enterobacterial ~Repetitive Intergenic
Paenibacillus larvae ( Genersch et al. 2006) Consensus ERIC) P. larvae 4
( Ebeling et al. 2016) . P. ( Multi Locus Sequence
larvae G+ o Typing MLST)
36 h 1-2 ( Matrix-Assisted Laser Desorption/
ionization Time of-¥light Mass Spectrometry MALDI-
TOF MS) . ERICT TI

I
( Yue et al. 2008) , v o P. larvae
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Fig.2 Disease mechanism of Paenibacillus larvae ( Ebeling et al. 2016)
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-ADP

( Ebeling et al. 2016) .
( Forsgren 2010) ., EFB
Melissococcus plutonius ( Bailey 1983) G +
( 3A B) -
o 4 -5
( 30), N

M. plutonius

M. plutonius

M. plutonius

>200 CFU/mL

( Forsgren 2010) .

Paenibacillus  alvet
Brevibacillus laterosporus  Enterococcus faecalis
Achromobacter eurydice P.

alvel

( Djukic et al. 2012) .
ELISA. PCR. qRT-PCR
M. plutonius
25 ( Saleh et al. 2012) .

Melissococcus plutonius ( Forsgren 2010)

Fig. 3 Symptom of European Foulbrood and the bacterium Melissococcus plutonius ( Forsgren 2010)

DA (bar =1 pm); B

micrograph of Melissococcus plutonius ( The bar represents 1 wm) ;

European foulbrood.

2.1.3
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woodi ( 2010) .
( DWV) ( Rosenkranz et al. 2010; Martin
et al. 2012; 2012) .
DWV
DWV NF«B
( Di Prisco
et al. 2016)

( Highfield et al.

;G o Note: A Scanning electron

B Gram staining of Melissococcus plutonius; C  Symptoms of

2009; Dainat and Neumann 2013) ,

( Loftus et al. 2016;
Mondet et al. 2016; Page et al. 2016) .
( DWV) ( Ryabov
et al. 2014; Lamp et al. 2016) DWV
( Martin et al. 2012;
Ryabov et al. 2014; Mordecai et al. 2016; Wilfert
et al. 2016) ( Hubert
et al. 2016) , N N
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( Anquiano et

al. 2016; Giacobino et al. 2016; Giacobino et al.

2017)
(1) ; (2)
( Bruce et al. 1988; Garrido and
Rosenkranz 2003; Garedew et al. 2004; Tabart
et al. 2013) , 1988 Bruce  ( 1988)
( Parafilm" )
10 pm
( ) (
80 RNA ) 24 h
48 h 80% ;
5d
( Milani and Chiesa 1989) . 1991
Rath ELISA 96
10. 5 mm 7.0 mm
0.5 mm
35°C RH75% o
26. 8% ( Rath 1991) .
1994 Nazzi  Milani
0-15h
34.5°C RH75% 12 d
6.0 mm
62% 3.5
27. 1% ( Nazzi and Milani 1994) ,
- 2013 Tabart
96
30% Schneider’s 30%
CMRL1066 0.06 M 10% 1%

Hank’s 4% 25%
45°C 20%
0.8% FCF
o 5d

20 g/L

( Cornman et al. 2010) ,
2.1.3

Ascoshaera
apis ( Qin et al. 2006)
Aspergillus  sp. ( Morse and
Flottum 1997) ( Nosema apis

Nosema ceranae) ( Fries 2010; Hong et al. 2011) .

2.2

( Fries et al. 1996, Evans et al.
2006; Evans and Spivak 2010; Le Conte et al.

2011; Kurze et al. 2016) . CCD
( Bull et al. 2012; 2016) .
2.2.1
(1)
; (2)

1 (3) ( Evans et al. 2006; Kurze
et al. 2016; 2016) .
( Kurze et al. 2016) .

(

2016) . Toll Imd

Jak /STAT JNK ( Jun N-erminal kinase) -
MAPK ( Mitogen-Activated Protein Kinases)

RNAi ( Evans et al. 2006; Brutscher
et al. 2015) , RNAi dsRNA
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2012) dsRNA
Drosophila melanogaster Aedes ( Hunter et al. 2010) .
aegypti Anopheles gambiae siRNA
o RNAi CCD TAPV-siRNA
o siRNA IAPV ( +) ssRNA
RNAi dicerd RNAi o ( Varroa—
ago2 r2d2 dicerdike infested DWV-nfected VDV --nfected)
( 4) ( Brutscher et al. RNA siRNA
2015) . dsRNA RNAi o
RNA o TIAPV siRNA
DWV CSBV ( Chejanovsky et al.  2014) .
dsRNA
( Maori et al. 2009; Liu et al. 2010; Desai et al. ( Brutscher et al.  2015) ,
4 ( Brutscher et al. 2015)
Table 4 Key genes of the immune pathways
Pathway Gene name
D abaecin  apidaecinl ( apidl) ; apidaecinl ( apid13); apidaecin type 22 ( apid22): hymenoptaccin;
defensing1/2; apisimin;
D relish (rel) —var x1/2/3 ; fadd; imd; ikky-kenny; ird5; pgrp-e; dredd; tab var x1; tab var x2; takl
var x1; takl wvar x2;
d-pias wvar x1; d-pias wvar x2; d-pias var x3; hopscotch (hop war x1); hopscotch (hop wvar x2);
Jak /STAT hopscotch (hop var x3) ; hopscotch (hop var x4) ; stat92eike; domeless; socs5 var x1; socs var
x2; tepb; tep7 war x1; tep7 wvar x2; tepa var x1; tepa wvar x2;
Lysozyme lysozyme 1 ( lys) ; lysozyme 2 (lys2); lysozyme 3 (lys3) war x1; lysozyme 3 (lys3) wvar x2;
— nimrod a ( nima) ; nimrod b ( nimb)  nimrod ¢ (nime2) var x1; nimrod 2 ( nime2) var x2; nimrod 2
(nime2) var 23; nimrod 2 (nime2) var x4
PI3K-Akt-Tor pi3k war x1; pi3k wvar x2; target of rapamycin ( tor) ; aki-interacting proteinike; raptor;
PPO phenoloxidase subunit a3 ( ppo)
RNAi argonatute 2 ( ago) ; dicer-ike
Scav. Recptor A Lysyl oxidaselike (lox2) wvar x1; lysyl oxidaseike (lox2) var x2

nf-«-B inhibitor cactus 1; nf=«-B inhibitor cactl var x1;, nf-«-B inhibitor cactl var x2; nf-+«-B inhibitor
cact2; nf«-B inhibitor cact3 wvar2; toll-6; dorsal wvar a; dorsal wvar b; dorsal2 (dl2) war x1; dorsal2
Toll/TLR (dI2) wvar x1; ikappab kinase-ike2 ( ik2); myd88 wvar x1; myd88 war x2; spaetzledike wvar x1;
spaetzledike var x2; pelle wvar x1; pelle wvar x2; trafo6  var x1; irafo var x2; toll interacting protein

(tollip) ; tolld; tollH0; t0ll-8; tube protein ( tub); 18-wheeler (18-w) /ioll like receptor.

2.2.2 and Spivak 2010; Le Conte et al. 2011)

( Social Immunity) “ ” “ ”
( Palacio et al. 2005; Swanson et al. 2009)
( Grooming) ( Hygienic behavior)

( Undertaking) ( Fries et al. 1996; Evans
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( Rath  1999; Bahreini
and Currie 2015)

( Bigio et al. 2014) .
( Gilliam et al. 1988;
Evans and Spivak 2010; Invernizzi et al. 2010)

2009) .

( Swanson et al.

( Peng et al
1987a 1987b)
24 48 h
( Spivak and
Gilliam 1998a; Palacio et al. 2005)

( Moretto et al. 2006)

2015) .

( Boutin et al.

( Weinstock et al. 2006

2009) .

( Social
Behaviour) ( Page Jr et al.
2000) .

( 2014) .

; (2)
1960) ,
Royalactin (57 kDa )

( Shuel and Dixon

( Kamakura 2011) .

Royalactin (
2014) ,
dynactin p62

( Kucharski et al. 2008; Shi et al.
2011) .

TOR

( 2014) .

N ( Juvenile Hormone JH) N
( Denison and Raymond-Delpech 2008;
2015) .

( ) \ . 2 -3

( ) 5-7

( QMP)

( Winston 1987) .

( Fahrbach and Robison 1995) .

2008) .
( Fahrbach and
Robison 1995) .
( 2014)
foraging ( Amfor)
vitellogenin ( Vg) 3

malvolio ( Amwl)

( Denison and Raymond-Delpech
2008) . Foraging

Foraging Amfor N

( Ben-Shahar et al.
( )

2005) o Amw
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( Ben-Shahar et al.

2004) . Vg
JH Vg JH
JH Vg-dsRNA Vg
( Nelson et al. 2007) o
Vg JH
( Denison and Raymond-Delpech 2008) .
( Quantitative Trait Loci QTLs)

( Hunt et al. 2007) ,
“ ( pollen) ” QTLs: plnd pln2
pln3  pln4. plnd  pln2

pln2  pln3
(Hunt et al. 1995) pin4
4
( 2011; Brown et al. 2016;
Sprague et al. 2016) .
( 2007;
Chen and Siede 2007; Gisder and Genersh 2015;
McMenamin et al. 2016) ,
o ( Goblirsch et al.  2013) .

( Schulte et al. 2014)
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