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Diversity and function of the gut microbiota of the honeybee
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Abstract In recent years, the survival of the Western honeybee, Apis mellifera, an important pollinator, has been severely
threatened by climate change, habitats loss, pesticides, pathogens and other environmental pressures. Gut microbiota plays an
important role in honeybee metabolism, growth, development, disease resistance and immune response. Honeybees contain
relatively simple, but highly specialized, gut microbiota, which can be cultured in vitro and used as a model for insect gut
microbiota in general. Based on domestic and overseas research, we elaborated the composition of the gut microbiota of
honeybees, their distribution in the gut, and how they respond to environmental change, especially when challenged by
pathogens and during host growth and development. In addition, we discuss measures to protect honeybees and the key
obstacles to improved protection and utilization of these essential insects.
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K, BAETE RBP4 A B INMEZY 2 000 1236
JGo Hirr, BRI E 36 FEY L BTk
LB ELIN 3 042.20 1270, X sefEY)
PEE 36.25% , AT A E AR S E B
12.30% ( Z=iHE5F, 2013 ), oK, XTI
FRAEY) -, P RERE S ERZ 2R T
ST EEAEH

ARk, BEE AT R AR, IR 3
AR B (Kluser et al., 2010 ), Ja#&
WA AP EE AN T A AR Horp
YRR AR EE . WS AT . T R
G o XL T I R VR T R BRI 58 S PR
THETCVE IR B IR IR A (Colony
collapse disorder, CCD ), J“H &l | 14
7o B 2006-2007 4[] 56 [ 2 # SR 5 B 23( Apiary
Inspectors of America, AIA ) X 384 M1t
WEG, W RN DR E T
ik =ik 37.6% ( Vanengelsdorp et al., 2007 ),
Powney %5 (2019) fliil, 1983 4FZ 2013 45t
L km? SR W REiR ki SN E
PR 270 714~ B Bikeeg . W2RSEA YA
RO, PUER., A2y 2Rk A0
149 725 A A8 I A W DR 3R A 2 0 4 e A A )
K& (Schwarz ef al., 2015; Potts et al., 2016 )
TN FEH AR T A SO A TR Y 2 R IR AR 1Y
5-J BE VN T 5% B R -3- B PR TG 5 LS ( EPSPS),
Moy H DRGSR M9 EPSPS YA
JEIVEAE T LT I e R a8 A o ) SR R 2
SEER TR EERES S alvi FI
Bifidobacterium sp. B0 . /0, B 5 G vb Ey
EC T Serratia sp. ( Motta et al., 2018 ), Raymann
FE( 2018 ) N BOFE A B 1) itk Hha ok ] Wi 2 e 30
M H bk T LI S i e AT (X A
TR PR 520 o U e i i 1 T W 21
5 AR X W P A A AR E B SR

H ALY A B G sh ok, A%
WA A T A28 IAR, B R TR
i ErEREA T EEMEN (Ley et al.,
2008 ), TEHIEARN , Wil E D REAE B R il
HEREE A A R e e 45 T R 1A

YER . CADISERY], s 4w fEvE 1A
i T BOH X LA R 1Y JLA 1S ( Yang and
Cox-Foster, 2005 ; Kwong and Moran,2013,2016;
Leonard et al., 2020 ), i H., % %441 Z 50
TE Y AT LRSN3R, NI A ST S 4
515 FWE AR E RIFSEAE ( Engel ez al., 2013;
Kwong and Moran, 2013; Powell et al., 2014 ),
HHR B KA E Y Apis mellifera 15k Hh &
kLS PEAR Ry B 1L, R A3 A ARG TR B {E e B oy
AR TE AR, PR N MR o R
Y I TE TR ) O RIE S o AR SRR 1 4R A G
R S 06 g T A 00 C AT )R 0 T SR s 2HL
CEFJERIE , AYFT T SRR I] . S5 4% 1 i iE f e
AR, B2 T i AR A A K A E M
BT A R BOVE T, X8 fn ey £ 4 e e B IK
THARB RO TR AR,

1 B 78 W R A AT

11 EERmERAE B EHR

S KB, BRI SR N A A
AT IR, A [V R r e 114 o 1 ol 2 o Ao
R RF TR EZES (Martinson et al., 2012;
Moran, 2015 ), BRFEEES 95% M54
Y 8 NFEZEBAM, HHZE Lactobacillus
Firm-4, Lactobacillus Firm-5, Gilliamella Gamma-1,
Gammaproteobacteria Gamma-2 , Snodgrassella
Beta, Bartonella Alpha-1, Acetobacteraceae Alpha-2,
Bifidobacterium Bifido ( Martinson et al., 2012 ),
Martinson 5§ (2011 ) i % ¥ HiEMAEY 16S
rRNA WY, M@ EEEBNRELER, LA
Firm-4 1\ F Lactobacillus acidophilus B 3E A6 1 ik
£, Firm-5 i TWEMRFLITE (L. acidophilus )
REEA . Hor, Gamma-1 A1 Gamma-2 YJJ& y-
LW, Gamma-1 2 5 A F 4 87 18 P 1 4
W, WA EE NI Martha Gilliam,
BZFRRAT 44 N Gilliamella ( Martinson et al.,
2012 ), Beta J& T B-BIE 4N, Beta RFFC &5
B H — 0 g 3 v K kAT T 22 TR B T
Snodgrassella alvi, 2% Robert E. Snodgrass
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124 7t 44 ( Martinson et al., 2012; Kwong and
Moran, 2013 ). Alpha-1 il Alpha-2 J& F o-Z8JE
H4N, Alpha-1 1T E/RE K EACH X R,
PR 2 NKBARET ; Alpha-2 435 1
AL FR, XFR | WFIERME Drosophila X
KI¥eJ® Xylocopa MW HHAE, XR 2 BT
Gluconobacter HWEFTEJE, HAAE T RARHE
WKy (Russell et al., 2009; Martinson et al.,
2011 ), Bifido J& T XU AT & Bifidobacterium,
B0 i T A B R I RS A TR R A AN 43
Bifidobacterium asteroids o ¥—"1Z %, i B.
coryneforme M B. indicum W 53 9h—"1LF
( Martinson et al., 2011 ),

WO B B RO AR R S
Lactobacillus Firm-4, Lactobacillus Firm-5 ,
Snodgrassella alvi , Gilliamella apicola F
Bifidobacterium asteroids 5 #1241 J¥, ( Babendreier
et al., 2007; Martinson et al., 2011; Bottacini
etal., 2012; Kwong and Moran, 2013 ), HHr,
JEREGE 18 Lactobacillus Firm-4 #1 Lactobacillus
Firm-5 J2 % S i (R N B0 1 g HLB 5 A7 78 1 2
2K PHERE ( Babendreier ef al., 2007 ). ZFTE
[T/ Snodgrassella alvi #1 Gilliamella apicola J&
0 Jigp a8 b A g AE TR Y PR R 2 IR T

( Raymann and Moran, 2018 ; Kwong and Moran,
2013 ). Bifidobacterium asteroids J& T L]
XUBAT B &, HAE AR T8 14 i 18 N 93 A 5 il

( Scardovi and Trovatelli, 1969 ; Jeyaprakash
etal., 2003 ), B ULRIBAEYRIISE 4 B, 2
9 /& Frischella perrara . Bartonella apis .
Parasaccharibacter apium F1—#15 Gluconobacter
MMM ( Raymann and Moran, 2018 ), 2013
4, Engel 55 (2013 ) MR IE N & K35
W Frischella perrara. VL1 9 FPANTR R R | % 1
B R DL TERE o o TS [ A o T B A A7 B
B2 25 A B8 3R W) o 1 BR ) 45 S BUR R 1) 22 R

( Donaldson et al., 2016 ),

1.2 EhE I G A Y B TR SA A AE

[ R e RN I AT, R
. HAl] . s E N 5 ERA AR, Heh Il

MEMmHR)E R (Chapman, 1998 ), %425
W SR At A6 A AR P2 AE B AR, 2R R Fh 2 AN
B, FELUMITEFL Enterobacteriaceae
J A, S E T AR S AH L, N Beta
Firm-5 & Gamma-1 % #f 5 /> ( Martinson et al. ,
2012 ), Anderson % (2013 ) & BLE W2 4 i)
BTN Lactobacillus kunkeei, L. kunkeei [F)I}
AT DATEAR S S e S e Bl . Tl N & A JCE HESh
Yyrb R IR 25 4 BT, R £ 1B e v i 4
SR, HAaZEEy Eith i N eE, BA R
iz b R 2 R R B T B O A Wl i T fig

( Lehane, 1997; Engel and Moran, 2013 ).,
T i b i B R i A 7 A B JL T B A5 )
BT, ANREN A i AR AR e IR B ( Moll
etal., 2001 ), HAT IO TRl . BT S RAE Y
AL, F perrara FEEFE T IAL( Engel et al. ,
2015a ),

J& v S A 2 g I AR B Y B K AR
P, AR AR R B SR B RS E ) B
ST, R IERCEY R R X . Martinson
4% (2012) £F 16S tDNA 7 KB, W5
S A ORI 10%-10° A, TR IR ik
[5] g R0 LR RS ST R DX 3R, A5 A A TR B A=
BETE Al o MR — P IR ES M, AN
TEYN I8 A o E Bl 5 == IR Al R A L, S. alvi
A MERA R AL IR, G apicola
BERGAE S, alvi LT, [RIRFAFAE A B 2 (G PH P
W Lactobacillus Firm-4 Fl Lactobacillus Firm-5

( Martinson et al., 2012; Kwong and Moran,
2016 ). HWAH R FEMAEYEBFHBETEA
KEAVERIRY Lactobacillus Firm-4 F1 Lactobacillus
Firm-5 PAFpE 2= [CIHPE R DL K B, asteroids 41K,

( Martinson ef al., 2012 ; Donaldson ef al., 2016 ),

1.3 ERFERFNTLHNE

S NIE AR Z AR B B I 4
SR 520 ( Hroncova et al., 2015), &E
TRELBEREREM, EMEEFSRPET
R gl WA 4 BB IR E B —
Mk 21 d, HONZ: 3 diEfepighd, 9 HRITih
B b, P2 12 d R o i, 21 Hi



5 TN A S TE TR ) B A S D RERT T o

+ 1067 -

VL e T 0 th 895 3l . Hroncova 5% (2015)
R 3 H A L) dUE U E YRR, 6
i o i AT 5 e 4l HO S i 28 25k i
H, W RE S R ARV L A R v e Y
T s 2 TR Ot A A 2 el 1
JUFBA Y, TR IT AT LR N, R
TSR TR B WA I TASUE , A I 1 1) 14
T 38 A W) B0E & s /> ( Winston, 1985
Hroncova et al., 2015 ),

ST ) R DR M M Al | M A T
3PhRBUAH AL, M ERERP DA E KB A
FIR) e 5 My e SR P ) RS2 B R ML
WA BEE . SR WIRSE, A RN
Gy PSRNV RS < e S Wl 07 1
TR R AZORG B & 7 I B PR A A, (R AR R
BREANGTEA, BRIEEERE T 00 5 1
BT, ENT—BAEEL (Winston, 1985 ),
W6 F 4y HORIT HE A 0 0 Bl N B A R
W) Escherichia , %)W il N Escherichia F
Gamma-1 FERE B TEREN 78%; FHEREA 14 1%
HE, BRI EIAIE N Escherichia 28T
W AR Acetobacteraceae Alpha-2 25t
B, Horr Alpha-2.1 5 46%, Alpha-2.2 5 25%,
H YK N Lactobacillus Firm-4 Hl1 Lactobacillus
Firm-5 ( Tarpy et al., 2015 ), # T 75 5 kA2 e
J& , W AR A C 1B 54k ( Tarpy et al.,
2015 ), e (%) AEA TH AE B S 2R /K A I 1 2 1
T T, Wil NI #EHM N Laciobacillus
Firm-4 #1 Lactobacillus Firm-5 ( Moritz and
Crailsheim, 1987; Kapheim et al., 2015 ), ¥
M e 1) T 1 A ) 2 AR E IR T L

( Kapheim et al., 2015), T3pylmiE AL
P& Escherichia, Alpha-2.1 1 Alpha-2.2 H%X
R, RNEORIAERE S 5 F, 200
Lactobacillus Firm-4 . Lactobacillus Firm-5 |
Snodgrassella alvi . Gilliamella apicola
Bifidobacterium asteroids , H:7', Beta. Firm-5
1 Gamma-1 ( BFG ) 41 A8 #TE#E ( Martinson
etal., 2012; Tarpy et al., 2015), T4 H AR
3 WA T e IR R e S rh i 4y b, SRt e B I

BAT RN BB S o 17 2 0 i 18 T A= W0 R e AR W)
JiA (Engel et al., 2012; Powell et al., 2014 ),

2 EElERERIThEE

ES 00 i 1 Ry S 0 B B AR 1 PR ) 2R
Bt Bk i vh AR TR OO BT R 18 R
WEA IS, BRI EARDRETEAR KA F
s T HAE A=Y ( Engel and Moran et al.,
2013 ), BB i A T O A A T LS W) 2 86 119
18 K MEGESHIZENFREESE, X Tk
S TRCEE TR 52 P R R4 2 06 i 2 1) 4 By oD R A
KEEVE o PRl FEDI2 | AR S s 4l 241
R, NG WAE 1 713 o W J B i A Wy ) v e
RIVEFIFLE ( Moran, 2015 ), 2% 78 AR Gk
Yy f A MEE R E LD RRAE LT
=AM

21 WRED

TER AR T, ks R B T4
DA G5 TRV 7 T D 40 ) VP e S 86 FE AR B
T TR IR T 8 IR B B W R G 1) 4
o 4 W BT b A RE i L T4 ( Spivak and
Reuter, 2001; Christe et al., 2003 ), MEGREE
TRILAE S I A e R B R 48, RV ez
AN e . IR S EEALFE Toll, Imd |
INK 1 JAK/STAT 4 255 5ad %, i id thAeaiRn
BN R LIRS B VAR 7 A R CR Tk i = WA & /1)
PARR SO0 PR AR FE AR B T 00 5 240 B B2 a2
FH I A 1 — RN O, =X R A
AR EWAERMELEEAS% (Evans et al.,
2006 ), FRE#EE [ SRR G, WHiERK
A AT DA B ] e B T A
FH o W3 A AR B T VTR DL B A5
I A TE S A I AL BB R RS B 1
F AP S
1y T8 T A= ) AT LAGE 5 5 0 R AR ) s s

FERAE SR AR . Koch Fl Schmid-Hempel

(2011) 43 3R 30 1E 5 7 18 TR 1Y) RE M Y 250

(a). 5B 7B R #E Gammaproteobacteria(b)
FITCEHEK () 3 A BRI 1 R AE
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Bombus terrestris IH, KIALTE a (/718 HEHE
rh AR g S o B i IR T A S, B S
HSRARZETT (1 BRI BE 14 AHALL Y iz 18 T A o IS
FEB, RN I e v g 1 T 2B 0 P AR A e e
T R P SR, BB RS SR EL A A
Gy % BB, B s 12 e T R IR
R, Srygley 5 (2009 ) K BUILHE BT &
PR R HE W vT BE A o 7 8 A M M SR
A5 shim EW R BE R ( Srygley et al.,
2009; Cotter et al., 2011 ). S. alvi JE & “TH B
B FE—E FE T 3R g X IR ) B R
B AE S ( Emery et al., 2017 ),

B M5 K SR 5 2R G0 R0 2V TR R o
i EHRIE SN EEZ — (Schwarz et al., 2015),
U P B {5 B AR B e R 2
A2 AE o FLBRIA Lactobacillus J& % 4 18
HRRUE AATE AL O T RE, HAB AT LU 2 1 %
B A N s S T JORORIASE TR 1 32 4 IR SR AR U1
BRI, [FIE Toll 1 Imd 3 1 L
fib¥ 5 ( dorsal, cactus, kenny, relish) th4& 4
TR E AR, DI S S8 W A P 1) 2 S vy 14
SRARYTE M RE T o B M R R o 22 IR B oA
WRSCERTE Erwinia carotovora J5iE-S RN Imd
A1 JAK-STAT B4 B S 22 SN, i 18 N B35
S g 308 1 291 B 453 495 AN A o 2B R 2 8] 1)
BRAERE, R Imd #4254 5% ¥ Caudal 7T LA
REL 11 Ji 1 2 T X S8 R 4 i3 BE % ( Ryu
et al., 2008 ; Buchon et al., 2009 ), Hori ££( 2017 )
W L LR AT B Imd 5538 B H
REE7NE) NS S NI (%7, 7B 1= Rl S E Ry AN R R 5
ME YL . F perrara 231755 5 MRN8 Z1 Y
BRI Az . BUEi K, Fria &
FR D, o ke o i i) SR 4K S W ( Engel
etal., 2015a; Emery et al., 2017 ), F perrara
WS EAEY DNA $i45 (Engel er al.,
2015b ), 1B A iU AR AU B g 2 4R
WG — 5T

22 ATFEKRE

e PR LT IR IR OK AL ) R SR TR
EESRIE TR, fEMP SRR, T

ARG R | PR AR, HahP ik
i = M 2 R f# S ( Fanning et al., 2012;
Wybouw et al., 2016 ), B —FF7ETHEY
AMIBEFIANAE N Z 20, Engel 25 (2012) &
IR E e B h 1Y y-AR I WA AE S B SRR
Ffr i 3L, v BRI RS 50k RERIE
f#, Martinson %% (2012) ¥z y-ZAE R ESL N
Gilliamella apicola ( Mitsuoka and Kaneuchi,
1977 )o 384k 20 BT 1% 35 DRI 201 7 91) R e i e ol A
VI RFEH 2 AT %58, Zheng 55 (2019) i —
Ao e S e 1) g T PN B T 2 2T 4 2R R R G I i
R W 2S8E N Bifidobacterium F1 Gilliamella
X SO T A W 7 K i 22 W 10 () B RE TR X s A
5 AR R ( SCFA ) K nl LA 1 35 i i i)
POESE D R HE B s £ A F ( Flint
et al.,2008; Rios-Covian et al. ,2016; Zheng et al.,
2017, 2019 ), Snodgrassella #1 2 1~ Lactobacillus
KRB EAH 2RI (Kwong et al.,
2014a; Zhengetal., 2019 ), LI EWFFERBAIHE
14 11 38 LA 0 3 U5 VT e i A6 50 240 P B 17 ok
R E AR .

5N s AL, el A 25— o)
AT WU RE T LU AE A Hh i B K Ak & W R A7 &
W%, FEAFE XU AT & Bifidobacterium FIFLIR
W J& Lactobacillus . H &, Xk #T &
Bifidobacterium J&] 1Z 53 A TIFLE0 . S2EH
&R B GE IR ARE (Turroni et al.,
2008 ; Martinson et al., 2012; Lugli et al., 2014 ),
Bottacini 4 (2012 ) M # WK N 40 B B.
asteroids PRL2011 &Mk, K 302 WA Py il XUEL
FFE AT AFEAR RS T A TP IR AR, g 2 A
it L R0 R 7 A R 57, X e R TR
A BEHLAEA A (Flint ef al., 2008;
Rios-Covian ef al., 2016 ), Lactobacillus Firm-4
F Lactobacillus Firm-5 7EE ) I5IE & & F
B, FLIR TR E M BEIR T B il 2R 4t 3 S A Qi
Mftia %, LR AT o1 k& L IR FT i
Firm-4 fl Firm-5 2&HFh &8 KRR % R
4 (PTS) (Kwong et al., 2014b ), HEHMEEE
AR RE S BAF AR, AT AR NN =i . =g
RS E ARBE W 52 %, B. asteroides F
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Lactobacillus Firm-5 W45 & SR FH v s ) 3
[H#% (Ellegaard et al., 2015), ItAb, —LLEEFE
P57 25 R TR AR ) LR, G5 IR EE AN ) bl i
HACFTSTEA SRR, flan. FLEEREZUNE .
F2 4% ( Barker and Lehner, 1974 ),

2.3 REEEMITA

V7 3 A A 2 R 2 W R AT Sy 5 A B
Zheng 5§ (2017 ) 381 %F b5 1E 5 BERE (1Y) 2 16
FITCTR NG, & PN FE A 0 T LA I e g ik i
FNE, Hit e B0 RERE I BURE ( Zheng et al.
2017 ), HEWE I i TE IR AE 1 ] B 2 M - i 52 )
B AT oA, O e g 3 v ) RS A R T A R
BIHER AR R, X ] e I 8 RS K =z ] 22
B0 ( Martinson ef al., 2012; Kesnerova
etal., 2017 ),

3 ERFEREMHRTE
31 BMBEREDNEERERSN

¥ 18 A 0 1 2 T AR 2 R I 1)
J7E: o Mg HRE WA (W) & T s AH 25 B R I 1
A, AERXT T AR RS B8R e DL X 55 )
P AR B SE Ik, —Fois o oy s s
17 A AT AT INY . 126, 5 U
WP AE 25% 0 HM It S, SRS HERh A
PRI I TR R . Al 2R R RS
AT YK, ARG T PCR P14, % A A0E S|
W)k 27F (5'-AGAGTTTGATCCTGGCTCAG-3')
1492R ( 5'-GGTTACCTTGTTACGACTT-3' ), ¥
FE AT —18 Sanger M, 18£8 2 H X A
EFRE TIE— 48 3 Fb—Fh 252 IR W Y
DNA #£4T 16srRNA mili &)y, R EEd E A
P 50 H R R AT L, S TR T i AP R

( Martinson et al., 2011; Kwong et al., 2014b ),
W o 38 T i o8 5 — P ek 2 A A
HARRE, XA AT B R s JE A s T
WG R T X B 38 G A A TR R R ) 5

3.2 EEBENEVHEERR
B A Y A AR RS R R

BAOPh A3 AT A WA 0 A B R el A H At 21
S IIE LT A Forb iy B — 28 A AR RIE ( Ley
et al., 2008 ), HujEEALFE BB 2
FRF 58 G2 0 BAE I T % o

BEYE:  ®BREEMitosR A, HIGH
53 1R i A R T 1 O 4 R ) SEA T
DRI, 4y A R B %) e S PN B2 0 o B
D PRI ARG , AE O PR R R AT LA T
HiEARZ, 40 Evans 25 (2009 ) fI1E B TE AR,
AR L3 sk ) TG R K Oy 2 e i T TR B
5e, O nTDUE AN | R MM T RS,
DA D 47 %o 6 W 5 iy P R ) ) S UG TR e A
R, Bl B AR SR —Fh k2 A Py iR I
g, 1k H A YR 0 I N e, AT
ik BT A ) B D BE R H ) ( Powell
etal., 2014; Zhengetal., 2018 ) ffllll: Zheng
45 (2017 ) B TC IR R, X LT TR i
A WESENAE ., HERERE, KW EMED
ATDR R A, I H s MR
5 AT KB AL AR

MR X A A R T A
PRI, FERAR R A Y ) 3L R B )
AT DAIE A o) e PR N A AT R, HEWT B T )
HYIIHE ( Engel et al., 2012 ), M T H>RKREHE
Y NmBAEY N R G R B S8, P HeTE
VAR EdEA74325 (Engel et al., 2012 ), X
THRE IR HEAT BRI 22 i L IR [R5 , mT LA [ B
ANFVAE AR Z BB C R . Bl : Zheng 5%
(2019 ) 33 X 28 W4 g 1 TR AFF 110 22 S PRI A 4B
I W i b 0 T K T A AR
H W2 Bifidobacterium F Gilliamella ., 18]35 3
AR 0 7 B e PR 3 o o 4 W 2 e i 3 A
Yioiae, ik, FERE— RS ERIE

3.3 EEFENMEYERRBRETE

HIE N E AR T 2 MR KB B S i
W 2SR RS AL (Hroncova et al., 2015 ),
PUER . R BRI A SOWR AR
SR A R 2 A 2 52 M B 0l B TR P A S
e ( Schwarz et al., 2015; Potts et al., 2016 ),
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CRISPR-Cas9 5 [K g 45 H AR FRAE R 5 L AR
HACRS, TELIRIEE AT . RIEMRR | 2k
B RGP LT R I 55 7 TH BB T SR
HEJR( Jinek et al.,2012; Cong et al., 2013 ; Doudna
and Charpentier, 2014 ), ¥T4EAK, AZKZEHINIR
B A f5 AR RN & | 4R g AT
8 | RO S5 B i S 2 ) 455 T 1Y) EE ) g

(Ridaura et al., 2013; Brownetal., 2019 ), #&
THTA R B, 5 TEARBEIR NN B Y [ i A3 5E
A TE A 75 P, DTSR 1 32 T AR it O B I T
FHGRE S (Abt et al., 2016 ), [HI, &Fx)
— W 8 R 1) A A T B R R AR R TR R
B . AR R Y T2 B Y IR B A A
Clostridium difficile P&, LGBt RIRTTY
230 MU B R ZEL | TR 2P S R R PR IR g
45, Nale 55 (2018 ) 38 1o 5 [N 4 5 010 1R s B A
FL 10T BRAIRZF AT I , IF H T LABS 1kt —20
BH . BRImERMER RS, Leonard 55 (2020) it
TR0 RNA T4 (RNAI) G0l 52 i 2 i
Wi AR S. alvi, Z3EMGER S, alvi 7] LR E
Hh E G A e R B, JF 7 A WUEE RNA
dsRNA 7 FLIE Y RNA, IR IEZF A B
WG, XA IEAAT AARIESS R, 38 AT AR
O R B S AT R o M T A ) e TR
B, EAEAE RS A TR A W, FTLASTE
Hb B = 1 RIS I

4 FREHERE

e pE A LA ROE MRS, B
8 M LHER 5 AL LB . FEXT e 1B 2L
AW S E EEAEXRAVR H R E R 5 AR
M A Z AR NE, AR FEE2E . Rl
RS BN, R E A
B AY) (Engel and Moran, 2013 ), KAt
2D B9 W 1 DA R R P S | D) RE I i S
PRl S A BT DR, T AR el i T 3 K
P14 f R i (T L

41 EEFHEEHEEGE

— it BRE A 3 TR R B AR H

HT A DA 220 58 o SR 3 ek g 8 A A A 1
e | LD A R A 2H 25 A B ST 58 R 1) i TR
BERY, W] DA SRR e 1574 v B A i
5 A K A e FE, BRH DL R RET ] |
TG T B TR TR T 1A, 3 A7 A — LR S
B BT AR W, XA 0 M FT LA A i i
PRI AASE R F) A S S HE RO BE Al 4 Martinson 55
(2011) il3d 165 rRNA ZMATH B E AE Y R
LR B, KB A PN A D AR T
AW AR R ] AT O E VR AR REE T
LU, HAT A THERE . 1 A R B
HITRAL | TR R SR (Cox eral., 2003
Tellenbach et al., 2016; Puente-Sanchez et al.,
2018 ) FFAE T VE I W6 4 B 5 5 BB A T e i
BER , MAATE TAEP AR s 0 15 v 0 0 40 v vl LA™
e B-H - L-TN & FR( B-methylamino-L-alanine,
BMAA ) it 8%, BMAA SEYHEE H£IF
G #EA AR, AT 35000 i AL ] JR 2% it RO
( Kamjunke et al., 2002; Cox et al., 2003 ; Murch
et al., 2004; Zhang et al., 2009 ), {H2, f#1E
TR IR HE AR A RN | AL S T RE H
AN AE o IEAh, Bk B 22 T 580 i 1 TR R
f) 16S IRNA 7 #fr 7k, HH P2 A
PN TR AN M B A T, X %8 B A 11
A BTN FEZ AR R, NI T it Bl i e MR
1) AR E PR . PRI, 0 7 3 PN A e Tl
WA R T — P S I

42 EXFERHIEEZHE

ERT, O 0% 0 1Y) i 1 TR R LA SR
Y. RgsmAE E . fREHAL . SRR B &
JEETE BT 05 EM (Engel et al., 2012, 2013;
Zheng et al., 2017, 2019; Liberti and Engel,
2020 ), {HJE, XEEWFFTMARET > 1 i mIE TE
R DI RE SN [T A ) Z [ H AR AMERIL

Evans 5¢ (2006 ) 3 32 X % 16 G2 A OC 1Y 42
LD I, e BB Y S AR G BE R 71 4,
1M 2R W Drosophila &N R 196 4>, AN E 2R b4 N
1)—2} ( Lemaitre and Hoffmann, 2007 ), #MH%
W) G e BE DR 5 R AN ] Ak, SRR 1E N
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WAROTERE, BEAE 5 Pl .o mbit
( Martinson et al., 2012; Wong et al., 2013 ),
PRI, SR i A ) 5 18 EAH AR TR Y S i ik
TR S AR AR S W AH DG I BIFY . Imd. 5 5-36 i
W AR R B L ) G T I L 2 AR DR AP i
Rz G VR, H S A A T 2 AR
FPLEIA FRIF5T . A % Imd 5538 B AUHARE 5
30 (6 118 R EAE ] O e ] 4 5 e 1% £ B R LS
FRATTNT 48 W S e KL e T 1) T i, IRt X A2k

B g2 o 28 ) PR SFAIL A i Ak 500 58 0 IR
CAWFE R, B R L 3 1 1 1 TR A
SRS, AR H X HET AT &
( Liberti et al., 2020 ), Rothhammer 2§ (2018 )
5% ¢ W g 2 2 T A A 7 4 T LA S K ik
7N S A B B 5 RO, SCRE TR AL TR o A4 i 1Y)
TEPE, AR RAE o WA P A BUBL AT B 7T
e 1 77 A PR Y R T AR 3= 5 R ki A7 58
it (Kesnerova et al., 2017 ). M-Hikhi<k /e H
BLIA R Tt — 20 gk . B U E W 28 A%
et KT MM S 1A g m H
HI AN 2 . Quinn 4F (2020 ) fH AL, (58
SRS PTAR i , i Ak A T RO R
SR B AR/ N R AT A 2= s, SR PEAL T E
AL Sk 2E nse i, I E A Y
PBT LI i 2 B, 5 25 2 SR 0 &
o 1T A S P A AR S e 1 R B A
BT, BLAh, B4R P9 B A 25
SRR PSS B TR R RE . BN, FLIR
FFRZR & A KRR R A, RAFIE
—RE . BRA e AT AL, FRATR 0% i 18
ZRAFBUR Y TR PR, X PEAS T 18 M 2
PR3 09 BARPLEI 5T, W A ik
J TR A HIL T E AT A B

43 EBEEFEMEVERRBRESELENY

WA ) R R IR . k2. &
BRAAGEAE A KA BT R S 2P R T, BT
W EEAR AR DRI T e )N, RNAL & LHE
BN AE DY 1) B MU P BE BT AL o R A
[F %% CRISPR-Cas9 7 A 1T L) 4 i 2 14 iz 36

3 A TR B m K PO R B .
Leonard %5 (2020 ) ¥%E S alvi ¥R THEH,
AL DA LR Y B RNAT S, 8 3 PRI 75 2E
UG 1Y) LG A7 T PR I S M SR W B L%
— S0 B PR P ) i U Y AT R R AR 25 T
At W FEEGEGRHMEY I S %55 Riptortus
pedestris & N B 3 A A o B R TR
Burkholderia ] LAREff AR ( Kikuchi et al.,
2011, 2012 ), FEARAR 245 D REHE DR (14 & BLA ] T
1 o B DR A e i v M B2 R T o REI R AT X
S ERASMEAR A TE B AR B RS A 3 R A AR
1k, Zhang 55 (2019) AIIEE Buchnera W)
PR TT LASE A F2 B, DR T DAGE 3ok
PR A R R L T AR B R Y R 2 4t
A TR AT DA T B TR i, 0 AN BRI TR - 170 2
filh ORI iR . AN, TR W I DR G R R
AT EE NSRS, R R R, W
AT LA NP TR YT B8 Al

AR e W T T AE Y Y, — 5 T AT AR
FHAR SN $5 37 I 7 F5 DR 21 4 56 5 B 8 Tl 2B 0 1) b
2, TEBLFERE A1) 3 PR A AR 2 255 S AT
SE RN 8 AR 5 55— T AT LA SRR G
# (40 CRISPR-Cas9). HIHEHEH A, REIRK
AWIZ 8 e AR L R ThBe . -2k
FHBILEN | Bz A B A B9 VR B 550 G fe g
T EAEALE], SR TR B A I
Hh, EwEN AR S WAL (R AZE) 17E
FELe Ty B —E AR TR AT i e iz 18
DARE, o] g NP5 1 20 285 W I DA K 2 e
ORISR Rg e =

SE ik (References)

Abt MC, McKenney PT, Pamer EG, 2016. Clostridium difficile
colitis: Pathogenesis and host defence. Nature Reviews
Microbiology, 14(10): 609-620.

Anderson KE, Sheehan TH, Mott BM, Maes P, Snyder L, Schwan
MR, Walton A, Jones BM, Corby-Harris V, 2013. Microbial
ecology of the hive and pollination landscape: Bacterial
associates from floral nectar, the alimentary tract and stored food
of honey bees (Apis mellifera). PLoS ONE, 8(12): ¢83125.

Babendreier D, Joller D, Romeis J, Bigler F, Widmer F, 2007.



- 1072 -

R HEE 2R Chinese Journal of Applied Entomology 57 %

Bacterial community structures in honeybee intestines and their
response to two insecticidal proteins. FEMS Microbiology
Ecology, 59(3): 600-610.

Barker RJ, Lehner Y, 1974. Acceptance and sustenance value of
naturally occurring sugars fed to newly emerged adult workers of
honey bees (4pis mellifera L.). Journal of Experimental Zoology,
187(2): 277-285.

Bottacini F, Milani C, Turroni F, Sanchez B, Foroni E, Duranti S,
Serafini F, Viappiani A, Strati F, Ferrarini A, Delledonne M,
Henrissat B, Coutinho P, Fitzgerald GF, Margolles A, van
Sinderen D, Ventura M, 2012. Bifidobacterium asteroides
PRL2011 genome analysis reveals clues for colonization of the
insect gut. PLoS ONE, 7(9): e44229.

Brown EM, Kenny DJ, Xavier RJ, 2019. Gut microbiota regulation
of T cells during inflammation and autoimmunity. Annual
Review of Immunology, 37: 599-624.

Buchon N, Broderick NA, Poidevin M, Pradervand S, Lemaitre B,
2009. Drosophila intestinal response to bacterial infection:
Activation of host defense and stem cell proliferation. Cell Host
& Microbe, 5(2): 200-211.

Chapman RF, 1998. The Insects: Structure and Function, 4th ed.
Cambridge: Cambridge University Press. 17-109.

Christe P, Oppliger A, Bancala F, Castella G, Chapuisat M, 2003.
Evidence for collective medication in ants. Ecology Letters, 6(1):
19-22.

Cong L, Ran FA, Cox D, Lin SL, Barretto R, Habib N, Hsu PD, Wu
XB, Jiang WY, Marraffini LA, Zhang F, 2013. Multiplex genome
engineering using CRISPR/Cas systems. Science, 339(6121):
819-823.

Cotter SC, Simpson SJ, Raubenheimer D, Wilson K, 2011.
Macronutrient balance mediates trade-offs between immune
function and life history traits. Functional Ecology, 25(1):
186-198.

Cox PA, Banack SA, Murch SJ, 2003. Biomagnification of
cyanobacterial neurotoxins and neurodegenerative disease
among the Chamorro people of Guam. Proceedings of the
National Academy of Sciences, 100(23): 13380—-13383.

Donaldson GP, Lee SM, Mazmanian SK, 2016. Gut biogeography of
the bacterial microbiota. Nature Reviews Microbiology, 14(1):
20-32.

Doudna JA, Charpentier E, 2014. The new frontier of genome
engineering with CRISPR-Cas9. Science, 346(6213): 1258096.

Ellegaard KM, Tamarit D, Javelind E, Olofsson TC, Andersson SGE,

Vasquez A, 2015. Extensive intra-phylotype diversity in

lactobacilli and bifidobacteria from the honeybee gut. BMC
Genomics, 16(1): 284.

Emery O, Schmidt K, Engel P, 2017. Immune system stimulation by
the gut symbiont Frischella perrara in the honey bee (Apis
mellifera). Molecular Ecology, 26(9): 2576-2590.

Engel P, Bartlett KD, Moran NA, 2015a. The bacterium Frischella
perrara causes scab formation in the gut of its honeybee host.
MBio, 6(3): €00193—15.

Engel P, Kwong WK, Moran NA, 2013. Frischella perrara gen. nov.,
sp. nov., a gammaproteobacterium isolated from the gut of the
honeybee, Apis mellifera. International Journal of Systematic
and Evolutionary Microbiology, 63(10): 3646-3651.

Engel P, Martinson VG, Moran NA, 2012. Functional diversity
within the simple gut microbiota of the honey bee. Proceedings
of the National Academy of Sciences, 109(27): 11002—11007.

Engel P, Moran NA, 2013. The gut microbiota of insects-diversity in
structure and function. FEMS Microbiology Reviews, 37(5):
699-735.

Engel P, Vizcaino MI, Crawford JM, 2015b. Gut symbionts from
distinct hosts exhibit genotoxic activity via divergent colibactin
biosynthesis pathways. Applied Environmental Microbiology,
81(4): 1502-1512.

Evans JD, Aronstein K, Chen YP, Hetru C, Imler JL, Jiang H,
Kanost M, Thompson GJ, Zou Z, Hultmark D, 2006. Immune
pathways and defence mechanisms in honey bees Apis mellifera.
Insect Molecular Biology, 15(5): 645-656.

Evans JD, Chen YP, Prisco G, Pettis J, Williams V, 2009. Bee cups:
Single-use cages for honey bee experiments. Journal of
Apicultural Research, 48(4): 300-302.

Fanning S, Hall LJ, Cronin M, Zomer A, MacSharry J, Goulding D,
Motherway MO, Shanahan F, Nally K, Dougan G, Sinderen DV,
2012. Bifidobacterial surface-exopolysaccharide facilitates
commensal-host interaction through immune modulation and
pathogen protection. Proceedings of the National Academy of
Sciences, 109(6): 2108-2113.

Flint HJ, Bayer EA, Rincon MT, Lamed R, White BA, 2008.
Polysaccharide utilization by gut bacteria: potential for new
insights from genomic analysis. Nature Reviews Microbiology,
6(2): 121-131.

Hori A, Kurata S, Kuraishi T, 2008. Unexpected role of the IMD
pathway in Drosophila gut defense against Staphylococcus
aureus. Biochemical and Biophysical Research Communications,
495(1): 395-400.

Hroncova Z, Havlik J, Killer J, Doskocil I, Tyl J, Kamler M, Titera



5 TN A S TE TR ) B A S D RERT T o

- 1073 -

D, Hakl J, Mrazek J, Bunesova V, Rada V, 2015. Variation in
honey bee gut microbial diversity affected by ontogenetic stage,
age and geographic location. PLoS ONE, 10(3): e0118707.

Jeyaprakash A, Hoy MA, Allsopp MH, 2003. Bacterial diversity in
worker adults of Apis mellifera capensis and Apis mellifera
scutellata (Insecta: Hymenoptera) assessed using 16S rRNA
sequences. Journal of Invertebrate Pathology, 84(2): 96—-103.

Jinek M, Chylinski K, Fonfara I, Hauer M, Doudna JA, Charpentier
E, 2012. A programmable dual-RNA-guided DNA endonuclease
in adaptive bacterial immunity. Science, 337(6096): 816-821.

Kamjunke N, Schmidt K, Pflugmacher S, Mehner T, 2002.
Consumption of cyanobacteria by roach (Rutilus rutilus): Useful
or harmful to the fish?. Freshwater Biology, 47(2): 243-250.

Kapheim KM, Rao VD, Yeoman CJ, Wilson BA, White BA,
Goldenfeld N, Robinson GE, 2015. Caste-specific differences in
hindgut microbial communities of honey bees (Apis mellifera).
PLoS ONE, 10(4): €0123911.

Kesnerova L, Mars RAT, Ellegaard KM, Troilo M, Sauer U, Engel P,
2017. Disentangling metabolic functions of bacteria in the honey
bee gut. PLoS Biology, 15(12): €2003467.

Kikuchi Y, Hayatsu M, Hosokawa T, Nagayama A, Tago K, Fukatsu
T, 2012. Symbiont-mediated insecticide resistance. Proceedings
of the National Academy of Sciences, 109(22): 8618-8622.

Kikuchi Y, Hosokawa T, Fukatsu T, 2011. An ancient but
promiscuous host-symbiont association between Burkholderia
gut symbionts and their heteropteran hosts. The ISME Journal,
5(3): 446-460.

Klein AM, Vaissiere BE, Cane JH, Steffan-Dewenter I, Cunningham
SA, Kremen C, Tscharntke T, 2007. Importance of pollinators in
changing landscapes for world crops. Proceedings of the Royal
Society B: Biological Sciences, 274(1608): 303-313.

Kluser S, Neumann P, Chauzat MP, Pettis JS, Peduzzi P, Witt R,
Fernandez N, Theuri M, 2010. Global honey bee colony
disorders and other threats to insect pollinators.
https://archive-ouverte.unige.ch/unige:32251.

Koch H, Schmid-Hempel P, 2011. Socially transmitted gut
microbiota protect bumble bees against an intestinal parasite.
Proceedings of the National Academy of Sciences, 108(48):
19288-19292.

Kwong WK, Engel P, Koch H, Moran NA, 2014a. Genomics and
host specialization of honey bee and bumble bee gut symbionts.
Proceedings of the National Academy of Sciences, 111(31):
11509-11514.

Kwong WK, Mancenido AL, Moran NA, 2014b. Genome sequences

of Lactobacillus sp. strains wkB8 and wkB10, members of the
firm-5 clade, from honey bee guts. Genome Announcement, 2(6):
e01176-14.

Kwong WK, Moran NA, 2013. Cultivation and characterization of
the gut symbionts of honey bees and bumble bees: Description of
Snodgrassella alvi gen. nov., sp. nov., a member of the family
Neisseriaceae of the Betaproteobacteria, and Gilliamella apicola
gen. nov., sp. nov., a member of Orbaceae fam. nov., Orbales ord.
nov., a sister taxon to the order ‘Enterobacteriales’ of the
Gammaproteobacteria. International Journal of Systematic and
Evolutionary Microbiology, 63(6): 2008-2018.

Kwong WK, Moran NA, 2016. Gut microbial communities of social
bees. Nature Reviews Microbiology, 14(6): 374-384.

Lehane MJ, 1997. Peritrophic matrix structure and function. Annual
Review of Entomology, 42: 525-550.

Lemaitre B, Hoffmann J, 2007. The host defense of Drosophila
melanogaster. Annual Review of Immunology, 25: 697-743.

Leonard SP, Powell JE, Perutka J, Geng P, Heckmann LC, Horak
RD, Davies BW, Ellington AD, Barrick JE, Moran NA, 2020.
Engineered symbionts activate honey bee immunity and limit
pathogens. Science, 367(6477): 573-576.

Ley RE, Lozupone CA, Hamady M, Knight R, Gordon JI, 2008.
Worlds within worlds: Evolution of the vertebrate gut microbiota.
Nature Reviews Microbiology, 6(10): 776-788.

Liberti J, Engel P, 2020. The gut microbiota-brain axis of insects.
Current Opinion in Insect Science, 39: 6—13.

Li HY, Wu J, Liu PF, 2013. Economic values of bee pollination to
China’s agriculture. National Bee Product Market Information
Exchange meeting and China (Pudong) Bee Expo proceedings in
2013. Shanghai: 29-36. [ZE#E, 27, XIAAK, 2013, HELRK
AP B R 22 BN E PP, 2013 4F A= ST (R BaC
T E A A Ml Y i3k, B 29-36]

Lugli GA, Milani C, Turroni F, Duranti S, Ferrario C, Viappiani A,
Mancabelli L, Mangifesta M, Taminiau B, Delcenserie V, van
Sinderen D, Ventura M, 2014. Investigation of the evolutionary
development of the genus Bifidobacterium by comparative
genomics. Applied and Environment Microbiology, 80(20):
6383-6394.

Martinson VG, Danforth BN, Minckley RL, Rueppell O, Tingek S,
Moran NA, 2011. A simple and distinctive microbiota associated
with honey bees and bumble bees. Molecular Ecology, 20(3):
619-628.

Martinson VG, Moy J, Moran NA, 2012. Establishment of

characteristic gut bacteria during development of the honeybee



- 1074 -

R HEE 2R Chinese Journal of Applied Entomology 57 %

worker. Applied and Environment Microbiology, 78(8): 2830-2840.

Mitsuoka T, Kaneuchi C, 1977. Ecology of the bifidobacteria. The
American Journal of Clinical Nutrition, 30(11): 1799-1810.

Moll RM, Romoser WS, Modrakowski MC, Moncayo AC,
Lerdthusnee K, 2001. Meconial peritrophic membranes and the
fate of midgut bacteria during mosquito (Diptera: Culicidae)
metamorphosis. Journal of Medical Entomology, 38(1): 29-32.

Moran NA, 2015. Genomics of the honey bee microbiome. Current
Opinion in Insect Science, 10: 22-28.

Moritz B, Crailsheim K, 1987. Physiology of protein digestion in the
midgut of the honeybee (dpis mellifera L.). Journal of Insect
Physiology, 33(12): 923-931.

Motta EVS, Raymann K, Moran NA, 2018. Glyphosate perturbs the
gut microbiota of honey bees. Proceedings of the National
Academy of Sciences, 115(41): 10305-10310.

Murch SJ, Cox PA, Banack SA, 2004. A mechanism for slow release
of biomagnified cyanobacterial neurotoxins and neurodegenerative
disease in Guam. Proceedings of the National Academy of
Sciences, 101(33): 12228-12231.

Nale JY, Redgwell TA, Millard A, Clokie MRJ, 2018. Efficacy of an
optimised bacteriophage cocktail to clear Clostridium difficile in
a batch fermentation model. Antibiotics, 7(1): 13.

Ouyang F, Wang LN, Yan Z, Men XY, Ge F, 2019. Evaluation of
insect pollination and service value in China's agricultural
ecosystem. Acta Ecologica Sinica, 39(1): 131-145. [KRFH3F, £
B, =, 1Mo, g, 2019, hEAOL ARG R U
ifie i SRS M EIEAR. A28, 39(1): 131-145.]

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.

Powell JE, Martinson VG, Urban-Mead K, Moran NA, 2014. Routes
of acquisition of the gut microbiota of the honey bee Apis mellifera.
Applied and Environment Microbiology, 80(23): 7378-7387.

Powney GD, Carvell C, Edwards M, Morris RKA, Roy HE,
Woodcock BA, Isaac NJB, 2019. Widespread losses of pollinating
insects in Britain. Nature Communications, 10(1): 1-6.

Puente-Sanchez F, Arce-Rodriguez A, Oggerin M, Garcia-Villadangos
M, Moreno-Paz M, Blanco Y, Rodriguez N, Bird L, Lincoln SA,
Tornos F, Prieto-Ballesteros O, Freeman KH, Pieper DH, Timmis
KN, Amils R, Parro V, 2018. Viable cyanobacteria in the deep
continental subsurface. Proceedings of the National Academy of
Sciences, 115(42): 10702—-10707.

Quinn RA, Melnik AV, Vrbanac A, Fu T, Patras KA, Christy MP,

Bodai Z, Belda-Ferre P, Tripathi A, Chung LK, Downes M,
Welch RD, Quinn M, Humphrey G, Panitchpakdi M, Weldon KC,
Aksenov A, da Silva R, Avila-Pacheco J, Clish C, Bae S, Mallick
H, Franzosa EA, Lloyd-Price J, Bussell R, Thron T, Nelson AT,
Wang M, Leszczynski E, Vargas F, Gauglitz JM, Meehan MJ,
Gentry E, Arthur TD, Komor AC, Poulsen O, Boland BS, Chang
JT, Sandborn WIJ, Lim M, Garg N, Lumeng JC, Xavier RJ,
Kazmierczak BI, Jain R, Egan M, Rhee KE, Ferguson D,
Raffatellu M, Vlamakis H, Haddad GG, Siegel D, Huttenhower C,
Mazmanian SK, Evans RM, Nizet V, Knight R, Dorrestein PC,
2020. Global chemical effects of the microbiome include new
bile-acid conjugations. Nature, 579(7797): 123—129.

Raymann K, Moran NA, 2018. The role of the gut microbiome in
health and disease of adult honey bee workers. Current Opinion
in Insect Science, 26: 97-104.

Raymann K, Motta EVS, Girard C, Riddington IM, Dinser JA,
Moran NA, 2018. Imidacloprid decreases honey bee survival
rates but does not affect the gut microbiome. Applied and
Environment Microbiology, 84(13): e00545-18.

Ridaura VK, Faith JJ, Rey FE, Cheng J, Duncan AE, Kau AL,
Griffin NW, Lombard V, Henrissat B, Bain JR, Muchlbauer MJ,
Ilkayeva O, Semenkovich CF, Funai K, Hayashi DK, Lyle BJ,
Martini MC, Ursell LK, Clemente JC, Van Treuren W, Walters
WA, Knight R, Newgard CB, Heath AC, Gordon JI, 2013. Gut
microbiota from twins discordant for obesity modulate
metabolism in mice. Science, 341(6150): 1241214.

Rios-Covian D, Ruas-Madiedo P, Margolles A, Gueimonde M, de
los Reyes-Gavilan CG, Salazar N, 2016. Intestinal short chain
fatty acids and their link with diet and human health. Frontiers in
Microbiology, 7: 185.

Rothhammer V, Borucki DM, Tjon EC, Takenaka MC, Chao CC,
Ardura-Fabregat A, de Lima KA, Gutierrez-Vazquez C, Hewson
P, Staszewski O, Blain M, Healy L, Neziraj T, Borio M, Wheeler
M, Dragin LL, Laplaud DA, Antel J, Alvarez JI, Prinz M,
Quintana FJ, 2018. Microglial control of astrocytes in response
to microbial metabolites. Nature, 557(7707): 724-728.

Russell JA, Moreau CS, Goldman-Huertas B, Fujiwara M, Lohman
DJ, Pierce NE, 2009. Bacterial gut symbionts are tightly linked
with the evolution of herbivory in ants. Proceedings of the
National Academy of Sciences, 106(50): 21236-21241.

Ryu JH, Kim SH, Lee HY, Bai JY, Nam YD, Bae JW, Lee DG, Shin
SC, Ha EM, Lee WJ, 2008. Innate immune homeostasis by the
homeobox gene caudal and commensal-gut mutualism in

Drosophila. Science, 319(5864): 777-782.



5 TN A S TE TR ) B A S D RERT T o

- 1075 -

Scardovi V, Trovatelli LD, 1969. New species of bifidobacteria from
Apis mellifica L. and Apis indica F. A contribution to the
taxonomy and biochemistry of the genus Bifidobacterium.
Zentralblatt fur Bakteriologie, Parasitenkunde, Infektionskr
Ankheiten und Hygiene. Zweite Naturwissenschaftliche Abt.:
Aligemeine, Landwirtschaftliche und Technische Mikrobiologie,
123(1): 64-88.

Schwarz RS, Huang Q, Evans JD, 2015. Hologenome theory and the
honey bee pathosphere. Current Opinion in Insect Science, 10:
1-7.

Spivak M, Reuter GS, 2001. Resistance to American foulbrood
disease by honey bee colonies Apis mellifera bred for hygienic
behavior. Apidologie, 32(6): 555-565.

Srygley RB, Lorch PD, Simpson SJ, Sword GA, 2009. Immediate
protein dietary effects on movement and the generalised
immunocompetence of migrating Mormon crickets Anabrus
simplex (Orthoptera: Tettigoniidae). Ecological Entomology,
34(5): 663—-668.

Tarpy DR, Mattila HR, Newton ILG, 2015. Development of the
honey bee gut microbiome throughout the queen-rearing process.
Applied and Environment Microbiology, 81(9): 3182-3191.

Tellenbach C, Tardent N, Pomati F, Keller B, Hairston NGIJ,
Wolinska J, Spaak P, 2016. Cyanobacteria facilitate parasite
epidemics in Daphnia. Ecology, 97(12): 3422-3432.

Turroni F, Ribbera A, Foroni E, van Sinderen D, Ventura M, 2008.
Human gut microbiota and bifidobacteria: From composition to
functionality. Antonie van Leeuwenhoek, 94(1): 35-50.

Vanengelsdorp D, Underwood R, Caron D, Hayes JJ, 2007. Estimate
of managed colony losses in the winter of 2006-2007: A report
commissioned by the Apiary Inspectors of America. American

Bee Journal. 147(7): 599-603.

Winston ML, 1985. The Biology of the Honey Bee. Cambridge:
Harvard University Press. 17-51.

Wong ACN, Chaston JM, Douglas AE, 2013. The inconstant gut
microbiota of Drosophila species revealed by 16S rRNA gene
analysis. The ISME Journal, 7(10): 1922-1932.

Wybouw N, Pauchet Y, Heckel DG, Van Leeuwen T, 2016.
Horizontal gene transfer contributes to the evolution of arthropod
herbivory. Genome Biology and Evolution, 8(6): 1785-1801.

Yang X, Cox-Foster DL, 2005. Impact of an ectoparasite on the
immunity and pathology of an invertebrate: Evidence for host
immunosuppression and viral amplification. Proceedings of the
National Academy of Sciences, 102(21): 7470-7475.

Zhang B, Leonard SP, Li Y, Moran NA, 2019. Obligate bacterial
endosymbionts limit thermal tolerance of insect host species.
Proceedings of the National Academy of Sciences, 116(49):
24712-24718.

Zhang DW, Xie P, Liu YQ, Qiu T, 2009. Transfer, distribution and
bioaccumulation of microcystins in the aquatic food web in Lake
Taihu, China, with potential risks to human health. Science of the
Total Environment, 407(7): 2191-2199.

Zheng H, Perreau J, Powell JE, Han B, Zhang Z, Kwong WK,
Tringe SG, Moran NA, 2019. Division of labor in honey bee gut
microbiota for plant polysaccharide digestion. Proceedings of the
National Academy of Sciences, 116(51): 25909-25916.

Zheng H, Powell JE, Steele MI, Dietrich C, Moran NA, 2017.
Honeybee gut microbiota promotes host weight gain via bacterial
metabolism and hormonal signaling. Proceedings of the National
Academy of Sciences, 114(18): 4775-4780.

Zheng H, Steele MI, Leonard SP, Motta EVS, Moran NA, 2018.
Honey bees as models for gut microbiota research. Lab Animal,

47(11): 317-325.



