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Effects of fenpropathrin on the survival, physiology and gut
microbiota of the honeybee (Apis mellifera ligustica)

LILai LIUPeng YE Liang ZHU Yu-Jie SHITeng-Fei YU Lin-Sheng

(Anhui Agricultural University, School of Plant Protection, Apiculture Research Institute, Anhui Province

Key Laboratory of Crop Integrated Pest Management, Hefei 230036, China)

Abstract [Objectives] The honeybee (Apis mellifera ligustica) is an important pollinating insect which is inevitably
exposed to various pesticides when pollinating crops. Fenpropathrin, a member of the pyrethroid family of insecticides, is
widely used for pest control, however the effects of this insecticide on honeybee health have rarely been studied. We
investigated the effects of sublethal doses of fenpropathrin on the survival, food consumption, expression of immune and
detoxification related genes and the gut microbiota, of honeybees. [Methods] The effects of sublethal doses of fenpropathrin
on honeybee food (sugar solution) consumption and survival was assessed using the “oral-feeding tube” method. (2) Changes
in the expression of detoxification and immune related genes, and in the gut microbiota, were measured 7 d after bees had been
fed sublethal doses of fenpropathrin (1 mg/L and 5 mg/L). [Results] Consumption of fenpropathrin significantly reduced the
survival and food consumption of honeybees. Exposure to sublethal doses of fenpropathrin significantly inhibited
Hymenoptaecin, Apidaecin and Cyp9ql expression in honeybees, but up-regulated the expression of Defensin. The expression
of Abaecin in the 5 mg/L treatment group was significantly higher than in the 1 mg/L treatment group. The effect of

fenpropathrin on overall gut microbiota diversity was not significant, but it affected the gut microbiota distribution.
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[Conclusion] Fenpropathrin can potentially affect the detoxification mechanism, immune system and gut microbiota, of

honeybees. These results provide a basis for further exploring the complex molecular interactions between fenpropathrin and

honeybees.

Key words Apis mellifera ligustica; fenpropathrin; survival; gene expression; gut microbiota
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SR, el LML AR E, SR i TS i
THORZ 22 Z ) EE (Potts etal., 2010), i
T R RIE 9 0 0 R A 15 9 D DAL 4 T L 8 e R
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Fr e 5 T, S ABRE = ORHE, fEER SR
FhREFE CIREE 33 °C, FHXHEE 60%, MREEIR
B, TERFEAA SR 24 0 I, ISR RSB NI
WA (2 S 1 B ) 5% A 9 4~k
WGBS, NSRS TR R (R 28 °C, A
XTREFE 70%, AREIEE), &R 50%
FIHE KRR, EL I 4 d FRRIEHE SRIE
ToEME, HO S 1 G 3 K NS SR A 1 B e ok
e, Tk an . R 5 Hok A Al —ie
) i AT S 0, BRI IS A 1 mL
) PBS J5 78BS, A 29 mL (1 50%BH7K 1R
Al RN 4 d )5, vEEE S HiRE
FIa gl

12 FERAMNMLE

FEAH . HE2EER (F5E Dr 2y Al ), Trizol
(KRR, PRI ), 238 S 5% s )
& (Y, THE M), RGOS &R
K74 (SYBR Green ), RIPA S (2
=R, HE ), PMSF (K, hEFE),
BCA HEHWEN XA & (HAR, HELE),
JEWE AR (aladdin, HE ), FEAUES: M
WURET DAL (SCATE, [ B ), StepOnePlus
STt s PCR A (FEER K, PE L),
NanoDrop2000 #fisttEET (FEEK, |
E L), BEpei (R0 FAERA AR, |
E i),

1.3 FRHEFLE

9 ANMETE Y A WA AL PR A— SRR ZE , ]
HUNAE 3AES, BEEAE 30 HEk,
RIGHE 5 Al 3277 X ALK b R A T vk
it (Tongetal., 2018 ), FrHL 0.25 g HF UG HEYA
f#T 5 mL BB, 4588 5x10° mg/L 1
B, Bt B 2 A R R TR REV T 5097k
B il % 1 mg/L #1 5 mg/L, SRJEH &4 AT
TR R K AR A ke R it e H ] MR B ) AR I
WORIERY , e 7 i BCE . B H e i s R s
VES VR RIAE By 10 57 6 W TR W VA TR DB it AR A
Ui, (OREMtT 8, KA HIIET .
HLEAEME 7 d )5, %5 mg/L AR 2 b BRLH FIXS R

AU 15 HERE, A - 20 °CUKA 5 min J5
R BTk G b, R H s i TR R K 5
THEE TR B XA giE, & 5 MHEEA
1.5 mL B0, 57 R A KR IS A
- 80 CUKFEHATIRAF I T IR S ERUEY) 168
DNA P RE A, FIREEE T - 20 °CIK
6 S min JFHGH, I0SREE M2 A 15 mL &
D, WREHIFA - 80 CokAHATH TR
S R e TR I S5

14 RNA fREUF R ¥ % KM

I 1.3 - 80 CCUKFATRAF Y% M T ok
&b, HKEFARITE T LER, &5 KA —
LI Trizol ARBUR RNA, XHEZEUH & RNA
AT BEINE , PR HAR B AL 500 ng/uL FH T 5%
SEINE B 0.5 mL BT K& B, R 2 pL
&LRNA TELOAE T, A PCR AL 65 °CR i
5 min, BfiJ5 il A 4xDNMaster 4 uL,nuclearse-free
water 10 pL, #RJGHCA PCR ¥ 37 °CJ
S5min, WEHRJGFHEMMA 5 x RT master-Mix
4L, FUGA PCRAXH, i Z&fF: 37 °C,
15 min; 50 °C, 5 min; 98 °C, 5 min., FE
JERER] 4 °CJa B 58 ARAT o —4E cDNA, Fi ]
DEPC /Ki#AT 5 fERREG 434 - 20 “CLRAE, ]
TR gt E i PCR,

15 S|¥MigEH5ERK

S S FT P A B AT G R R R A B 2R
i E TS | R B s R TR R A
AE, SIFFIEEILE 1.

16 WHEE PCR

X 1.4 (I EFRBERT cDNA ARG 728 2
H PCR J2 i . #% /1 SuperReal PreMix Plus( SYBR
Green ) iR &25K , qQRT-PCR W& Jy 50 uL
RFR, BUNEETIK L, SRIGIKEKIMA 2.2 uL
cDNA M . - FE514945 1.3 uL. 2 x SuperReal
PreMix Plus 25 pL .50 x ROX Reference Dye 5 uL.
1 dd H,O 16 uL., PCR ¥ 8 7 WAk,
4. 95 CHUZEIE 15 min; SRJG 42 40 MEHRY”
HaR . 95°C 10s, 60 °C 30 s; o)A i i
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x1 FARBPAZWETESIWET
Tablel The sequencesof forward and reverse
primersof genesused in the present study
F[H Genes  FI¥F31( 5'-3" )Primer sequences (5'-3')

Abaecin F: TGTCGGCCTTCTCTTCATGG
R: TGACCTCCAGCTTTACCCAAA

Hymenoptaecin F: ATATCCCGACTCGTTTCCGA
R: TCCCAAACTCGAATCCTGCA

Defensin F: CTGCACCTGTTGAGGATGAA
R: GCGCAAGCACTGTCATTAAC
Apidaecin F: TTTTGCCTTAGCAATTCTTGTTG
R: GAAGGTCGAGTAGGCGGATCT
Vitellogenin ~ F: GCAGAATACATGGACGGTGT
R: GAACAGTCTTCGGAAGCTTG
Cyp9q1l F: TCGAGAAGTTTTTCCACCG
R: CTCTTTCCTCCTCGATTG
Cyp9g2 F: GATTATCGCCTATTATTACTG
R: GTTCTCCTTCCCTCTGAT
Cyp9g3 F: GTTCCGGGAAAATGACTAC

R: GGTCAAAATGGTGGTGAC

RpS5 F: AATTATTTGGTCGCTGGAATTG
R: TAACGTCCAGCAGAATGTGGTA

M2k, A SCfdi ] RpsS NS BL , FiIfH 244
BT H 8 2 AR 2R IA 7K PR 742 TE( Schmittgen
and Livak, 2008 ),

1.7 16SrDNA llFF

X133 - 80 °CORAF Y M 18 K i 4% IR
E.ZN.A®Stool DNA Kit 7| & 55k 4% [ $2
DNA, Nuclear-free water g Fi T 25 FE4S, $2HL
)44 DNA 7E 50 pL PERZE il h Ve 5 A
- 80 CrkAIRAE. A M5 %N 338F
(5'-~ACTCCTACGGGAGGCAGCAG-3' )fl 806R
(5'-GGACTACHVGGGTWTCTAAT-3") X} 16S
rRNA A[ZZ[X (V3 + V4 ) #47 PCR 34, J ]
Zh M. 98 °C 30 s; 98 °C 10 s; 54 °C 30 s
PG 35 ;72 °C 455372 °C 10 min, P24 4 °C
TRAE o 5 SEhE b AL P ZFERT N ) 1 AR e AR
JRE0 A5 B2 Wl W B 2
1.8 HEHH

KA WA T RS Rk 22 75 ] SPSS
Statistics AP YL R 7 22504 ( ANOVA )
HiTiasE, BEM25iEH Duncan’s T4
s ASC IR iz H GraphPad Prism 5 #k{FF

e
P85 R FLASH (v1.2.8) #4%, R4

X 81 Overlap K&, #4751 PFE ( Merge )
WA A Tag, P S| AR Barcode Fll
S1YP I LB, SRIE R Vsearch (v2.3.4) i
WA, WAL Z )5 Clean Data {#i F Vsearch ¥
AR T 97%F/) Clean Tags & H—4
OTU, #kitfHfER Centroids (i FJLATHLN )
J¥ 50 1E A% OTU AR 3R )¥ 4] il QIIME

(v1.8.0) 43#H7 Alpha ZHFEPELL K Beta ZHE1:,
fEH Blast #4778 X, # OTU RFEFIIS
RDP ( BMHAKME A ) L& NCBI-16S S5 2 it
BAERIEF AT AR e B R B fl
AR (V3.2.5) 528,

2 HREHH

21 REHFHENBAFMNEENTENRM

FE SRR AL PR e 7 d S, XoF HE A4S 2H 2 04 1)
BEAKFIAEA 1 SRR & Qi 1 Fios, X Rl
I RK IR 5 2 R TR 5 mg/L M
1 mg/L B4R 2G40 H4] (P<0.05), 1fii 5 mg/L F
1 mg/L A& 25 Kb R 2 [] fé /K BB B 1 25 5 9
AR (P>0.05 ), XJ HELH % 1 1 16 Ry BUES B /)N
THE ML 5 mg/L Fl 1 mg/L A4 2 b 3 20
BB EVEE R BN 3 HZE I E k2
5 (P>0.05 ),

22 REFEMNBXRMEEEFHRN

2t R A B AL B S , E IR B IR A
T RICFAS HEWEIETHL, 7 d ISR
AEAF IR W 2 B, % RE 2 2 0 1S Y A
TR K 97.5%; 5 mg/L il 1 mg/L K254 FHZH
PIEE R AT HA 71.8%F1 90.7%. Giitsrbras s
B/R, 5 mg/L ABA AR EEMIT 1 mg/L
AL PRFINTBELH (P<0.05), 1fi 1 mg/L AbHFIXT IR
HZ AR R EEEZR (P>0.05),

23 HEHEXEERENBSHEXBERARE
A 5 M

ZN/Q DN T TR R: = SROR I T
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KRR ER (mg)

e 200 - 0 401
ETA _+ E¥s
8 b 3
E 150 g ?gi 30| _a
=
 :
S 100} &3 gt
g =
5 &2
2 50r &8 10}
[72) 7 Q
5 0 1 1 ;5) 0 1 1
%t1& Control 1 mg/L 5 mg/L %I H& Control 1 mg/L 5 mg/L
7 & Doses 7& Doses

1 JBAEEWEK (A) FEH (B) RRNEE
Fig. 1 Sucrose solution (A) and pollen consumption (B) of Apis melliferaligustica in different groups

HEVRAAF/NE PR R 225 B3 (P<0.05) ( Duncan’s ZEKE ). TEIF.
Histograms with different lowercase letters in the figure indicate significant differences
(P<0.05) (Duncan’s multiple test). The same below.

o 100 ——-mmmmeoooooee . L 5 mg/L Fl 1 mg/L 711 1) H 524 i 25 11 A 2 2% i
g s FTTTTT L i Yo WA iR AR SR A R i PR 3R 38 0 B2 i
5 oo HIE 3 (A) T, HRAREEE 7 d )5,
| “ L 1 mg/L Ab 341 i) % ¥ & P9 Hymenoptaecin FlI
2 B Apidaecin [ kKT B35 K TR EAL (P<
e 20l -'- Sme/L L 0.05 ), Tfii Abaecin #l Defensin Y% &5 KT 5
o e X REAUA TG B 225 (P>0.05), 5 mg/L 4t
&l 60 : - . . HiIZH %% Hymenoptaecin 1 Apidaecin [ %} %
FE (d) Days (d) J‘iﬂ@zﬁgﬁ?ﬁ,ﬂﬁéﬁ ( P<0.05 ), Defensin E]/‘J
P FA X R R K i 25 | T AL ((P<0.05 ),
L2 SARRAEEE Abaecin (1) HIXF ik 7k -5 6 IR TG B 354
ig. 2 Survival rate of Apis mellifera
ligustica in different groups Z 5 (P>0.05),
201
A O X8 Control 4 3 Xt & Control
2 = 1 mg/L 2 = 1 mg/L
E 15k a mm5mg/L E mm 5 mg/L
t S b g S
N2 b a b a N2
£ b Es : a
! | RF¥ il | NI L
ol LM | ;i | EE | 0 .
Abaecin Hymenoptaecin Defensin Apidaecin Vtellogenin Cyp9q1  Cyp9q2 Cyp9q3
FeREDIREAR IR AR IR
Immnue function related genes Detoxification function related genes

B3 HEFEMNEZEENSEEZ (A) ES (B) HXERRIZZM
Fig. 3 Effectsof fenpropathrin on the expressions of immune (A) and detoxification
(B) related genes of Apis mellifera ligustica
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HE 3 (B) nfHl, HE4mAEE 7 d )5,

1 mg/L AbFRZH %1% Cyp9ql A AR F ik /KT B
ik F X5 BB 4] ( P<0.05), Cyp9g2. Cyp9q3 Al
Vtellogenin 55X MU L ¥ LB EMEE S P>
0.05 ), 5 mg/L AbFRAI ()% 1% Viellogenin fYHFHXT
FIRK 2 = TXHRAL (P<0.05 ), Cyp9ql K
AH X 2235 7K B AR X AL (P<0.05), i
Cyp90q2 il Cyp9q3 ik &t 5 X FALHAH b ¥4 06 i 3%
P25 (P>0.05 ).

2.4 PSS HEE N B AT & i 7 i H B Y I

241 EERFERBEMNFEERESN XMEHT
P R T B P42 . o it 45 il e 5 iAot i
Ja, rE B EsdEgT, faliiE, e
62 071 47 %8s i85 QUIMER A 285 1 v
L HE A G AR IR AE AR, R SRS RS 1Y
FRIERARE Y5, SJE155] 654 4~ feature,
XRFE ) feature S8, 15 S0 FRZH FIR 2521
A 181 4 feature, XTHRAIFRA Y feature %K
A 2551, RGHEFFARY feature A 218 4>,
242 EBERFEEHME T A E 55718 4H A & 48 Xt
FEHHRET WY feature 71 BELH R I AE M,
feature F71IEZ% , 38755 ( Domain ). ] ( Phylum ),
44 ( Class ), H (Order ), #}( Family ). J& ( Genus )
FFh ( Species ) K FHFhFRER, FHEHREAEZK
PR R R AT AN RIS (2 W Rh 2 R fe 22
SArHT, SEEERNEFEE R 0.7, PR EEY
B A AE FRE AR L, FRATEESET] (Phylum )
FgE ( Genus ) B7KF-_EHEZRT 10 YRR AT 70
Mot EAIR B A TR
MITHIACE L4, A9 Fhesl TR i,

2" H 1] ( Proteobacteria ). JE BE B ]
( Firmicutes ). H{ZEF ] ( Actinobacteria ), #X
BETR '] ( Tenericutes ). #UFF 4[] ( Bacteroidetes ).
JE B 1] ( Verrucomicrobia ) . W 41 & 1]
( Cyanobacteria )Fll eI JE 1 ( Epsilonbacteraeota ),
HE 4 (A) A[Hl, Z8JEEET] ( Proteobacteria ).
J& BE B ] ( Firmicutes ) Fl i £k W& [
( Actinobacteria ) A4 7B AL AT, Wt
Yy L o5 BT A TR RR Y 98% LA I 7 H S A T
iaF, ErelmiE R A # ] ( Proteobacteria )

FIZF ] ( Actinobacteria ) 195 L&A T ¢,
MERERE ] ( Firmicutes ) A& LIS AH T},
TEJE 7K B4 A, A s Y o E R4
10 T J& 439 & Lactobacillus J& . Klebsiella J& .
Shodgrassella J& . Gilliamella J& . Enterobacter
J& . Pantoea J& . Bifidobacterium J& . Frischella
J& . Bombella J& 1 Fructobacillus J& , Hi/% 4(B)
Al %1, Lactobacillus J& . Klebsiella J& .
Shodgrassella J& . Gilliamella J& . Enterobacter
J& . Pantoea #i1 Bifidobacterium J& {3 i & ,
1 H S A ER A T, Snodgrassella J& | Gilliamella
J& . Pantoea J& fI Bifidobacterium Jg& 1) 5 FLIk A
T F , Lactobacillus J& . Klebsiella J& #1
Enterobacter J& 1 /5 LLig A L7t
243 HEHEPETHEEGERFESHG
S
2431 EW¥EEE Alpha £H1E  Alpha £
FEME £ 2T Chaol . Observed species. Goods
coverage, Shannon FI Simpson %548 5K i B =F
WM., MR 2 nTA, AAREME
Coverage PJIRE| 1 BB S BT Y] 20K
W Has B A, o F23 (1) Chao {H i, Bt
WAZRE it ) 2 88 B B v, AR 5 2ERE ot (B 0 41
FEAHEIT A SE B 4% Chaol Ml EBEE &
J, Shannon Fil Simpson Jz MtJig i & FE L HEE
mE 5 CA) Hrafsn, RGN K P BT XF
MR (R ArBUE ), HRAR 2520 1 0 o AR B R 5
HUCRERE S TR R, i 5 (B, C) A, &)
M2 FIAL PR [B] Alpha ZAEMEZE RIEAR B E
(P>0.05),
2432 EHEEFER Beta SR LKk
B L4 R EE 4347 ( Multidimensional scaling, NMDS )
FEAARSHT (Principal coordinates analysis,
PCoA ) 5 iA il B #E Beta ZHEME. FIE 6 (A)
AJHI, B Stress < 0.05 [z WA S A TR A AR
ek, ML 6 HRE sl 434 T AT, R R ZH A i o
BT, UOIARE L 2 A 25 S AR BRI Ak 3
AR SBOR AE, BRI i 22 ) 22 S R R A
Ho HIE 6 (B) AIHl, XfHRAIE 4 Hmab B
HENGEL, HE PAERT 0.05 BEHIRE S ZH
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|"] Phylum
A
5 B ZFFEH ] Proteobacteria
mg/L W JEEER ] Firmicutes
B JRZE] Actinobacteria
0 ZREER 7] Tenericutes
I #IFF 1] Bacteroidetes
W PEiKE ] Verrucomicrobia
WE4AH ] Cyanobacteria
X B# Control W A Epsilonbacteraeota
L 1 1 J L 1 1 1 1 J
0.05  0.03 0.01 0 20 40 60 80 100
Bray-Curtis H{5: A%} BF Relative abundance
Bray-Curtis distance J& Genus
B
W FLFHE Lactobacillus
5 mg/L w 7 EAE B Klebsiella
M Snodgrassella
W Gilliamella
1 [T R Enterobacter
W Z @ Pantoea
u N XATH & Bifidobacterium
i & Control Frischella
W Bombella
I Fructobacillus
0.250.200.150.100.05 0 0 20 40 60 80 100
Bray-Curtis A5 B FEX}=E B Relative abundance
Bray-Curtis distance
B4 7(A)fE (B) KFELIFERFMENFEELER
Fig. 4 Comparison in relative abundance of gut microbiota in phylum (A) and genus (B) level
% 2 Alpha S IEIE#S T
Table2 Alphadiversity index statistics
HA % LoRllIES € TRIEEL VR AR Chaol f5% EIE
Sample name Observed_otus Shannon Simpson Chaol Goods coverage
CK1 216 4.52 0.87 217.17 1
CK2 194 5.53 0.96 194.00 1
CK3 207 5.60 0.95 207.09 1
F21 161 4.56 0.89 161.50 1
F22 202 5.31 0.94 202.50 1
F23 239 4.51 0.82 239.43 1

CK1-CK3 [Ff il & T3 B 3 AN F A, F21-F23 MFESJE T 5 me/L ARFRALRY 3 A~ F A
CK1-CK3 samples belong to three replicates of the control group, and F21-F23 samples belong to three replicates of the
5 mg/L treatment group.
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Chaol35%k Chaol P=1 A FRLAEMEFEEL Simpson P=0.4 e +8%1 Shannon P=0.4
300 | 6.5+
6.0
250 -
55¢
mr‘.‘.' sol
150 1 451
401
100 . . . s
payict Control % f& Control 5 mg/L % #& Control 5 mg/L
B 5 XA 5mg/L EEAK Alpha SHMES T
Fig. 5 Alphadeversity analysis of gut microbiota in different group
Ak fE B 2 4E REE 434 NMDS analysis (Stress=0) FABFRS3HT PCoA plot (P=0.2)
0.2 L 0.4 [
%} #8 Control % #8 Control
5 mg/L & 5 mg/L
a
% 0.1+ g 02f
5 3
£ g
H o S 0
& s
R\ =l
H
-0.11
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Fig. 6 Beta deversity analysis of gut microbiota in different group
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i# i Barplot i T /E/R. HIE 7 /%, MITH
KAV, BRI RA KR
( Actinobacteria ), 7EH HAERIHE T, X[
B EEFRET (P<0.05). MWEMIKE L, BA
DEMEIWNEIEA 8 f, 4HliE: Gilliamela
J& . Pantoea J& . Bifidobacterium J& . Raoultella
J& . Proteus J& Il Shigella J& LA AR & B T Fias
TE Y AR PR AR 8 o 78 H SR IR e
T, GilliamellaJ& . Pantoea J& . Bifidobacterium
J& . Shigella J& 1 2 R R A & 19 F B R T, 1
Raoultella J& Fl1 Proteus J& 1 £ & F+ & T
(P<0.05),

W5 P B A EST LEfSe (LDA effect

AT, AT as R SK 7 A -2, H
BRI A — M R B e B P e
W, XFEEFCN Klebsiella & .

3 itig

PR T e — ol P A FBLIR L 2 P 2K 5%
M, LA iz AR RERI BTG,
ST VA TR X A5 L M 0 2 0 ) A ST
W A/ o ASBIRSE T SR 1 R 4 T X e B
BRI, MCRTA 58 K USRI 2 a5

R E BB ERE /> (Ozawa et al., 1992 ),
B I R TPk B SIHFE/E Ry, Carla

4 (2016 ) ZINALM BEAE I8 15 28 e 4 U 2 3R P450
TN, AMEE PAS0 MR T B S 5EEN
fRTETIRE o MASHFFT 4SS 5 & B B i K R AR
PR E A TRAL, M5 mg/L K4 1L
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Fig. 7 Barplot differential analysis of gut microbiota in phylum (A) and genus (B) level
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W ERILAT,

BL DRI 2 e i R 4 v A B 2 R A
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( Casteels, 1990), EfITEEMEAN FES 5
B A A0 A | R A SRR A, DR W G 7
AN EE Y 5 )42 2 ( Randolt et al., 2008 ; Chan
etal., 2009; Richard etal., 2012 ), XPOK Kk
TN S e A P S 3 30 I 1) AT AL AR T A 2
Hrp Abaecin BA7) i W4T IEHE /1, Defensin g
T fE B 4 K, Hymenoptaecin £l Apidaecin
X I A 22 [ B TR A R S AR (Lehrer
etal., 1991; Casteelsetal., 1993; Casteels and

REEW T —EE. 5 mg/L FEHHZ
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Defensin 7E# IR N & il /b, HAZ S 4
S %) B I A B At T LA o IR I, 3K
7 BTG = 1 FH AU R VA . Defensin 1
ik, Mk A HSAEBE R A = Defensin 14
25 38 B AR BT O Bt R U6 TR A I O ik 0
FIB LB BRI AR

itz P450 R4S ( Cytochrome P450
monooxygenase, CYP) SR HRPYIEH FEZ 1
ZUIReft e, e SR BAEAMMENGFEEER
A AN B, (RS I E X 2% B 4 G i
FEREE EERVER (Feyereisen, 2006 ), AHLL
TR SR R [X] LU e e A L Tl 1Y)
B AL | 3K AT B 2 X R 24 4 MR A

HexE
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Fig. 8 LEfSeanalysisof gut microbiotain phylum and genus level
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FERE s 1 Ab FRZ R R REAS rp 2 B 25 5 0 2 O TR, AR A R BE AR 22 S TR RE RS2 R/

A. Cladogram generated from LEfSe analysis. The picture of the radiation from inner to outer circle represents
from domain to species of the seven classification level. Coloring principle: No significant difference of species
unified color is yellow significant differences of biomarker follow the group of staining. B. The histogram of
the distribution of LDA values show the significant differences in abundance between treatments and control,
and the length of the histogram represents the impact of the differences.

Y IR R A ( Claudianos et al.,
2010 ), AN[R) A 2270 2 e fifp R G R 3K Y S M) 2 AN
[, Mao 55 (2011) A5 & IR T A6 BEGES
T Cyp9q3 1y L HZRIk, 1Mo —FP A ER IR 251K
RAGBRENREMH] Cyp9a3 HYZRIK, (AAIRESE T
Cyp9ql. Cyp9q2 Wit #Kik, AT, HEH
BRAb ¥R 7 d J5, WEMH T Cyp9ql ik
(P<0.05), Uil HESHERA Al RERAE T iR
BEEDK (M 508 I, S BU R B A A 2R Bl i
Y BE 8E 1)R ( Vitellogenin, Vg ) J&—7#
H1 BRI 1A & MR B T, RESY I 28 04 (917 i
AETH T B WY A4y ( Amdam et al., 2004 ), 455
o, HEAEREEEYE 7 d)5, U5 mg/L |

HINPFAERESAT T Ve iy BIRE, BEig
PR RES 2 A 3 K, MMk i ve &
TR INIFESS 5 B8 15 KRBTk, Ik
TR I Bt A R SSUS BE H HE F0 TH i RR T Vg iR
ik, BT Ve Rk RIS )
LRI AR AR o
M ol o B s VR 3 2R A Il e B
(Powell et al., 2014 ), #8473 F LS H A
XF LG B, B B T A D A A
8-10 Fft, i AR BEELY 98%( Sabree et al.,2012 ),
JI7 T TR R e i 1) G R — R B A P4, 7R
AR EL 29 FAH BLARAE R AR S S B — A AR S
( Feldhaar and Gross, 2009 ; Hooper and Gordon,
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2015 ), {H2 X AR AS QiR i BB IR, w4
HY)Re s &AL, JEMI ] RE S 1 R R AET
( Anderson et al., 2011; Crotti et al., 2013 ).
2006 TE 36 5] 55 ) # e EE  Iot £5 E 30
i BT B A AL A 4t T AR OGE
W 1) it R () 3T, T A — BRI B SR A R e A
BB ERESSUH A ¢ (Evans and Schwarz,
2011 ), REETHE WA R O Z
o 38 0 ) e AR S BT o e i A TR A R
T —A~2 1942 ( Moran and Nancy, 2015 ),

ARSI ok R U A TR PR3 TS ) e g 1 TR R
AT T 16S iDNA WF 54, FEGR1G TR
I"] ( Proteobacteria ), JEBEE ] ( Firmicutes ), Ji{
281 ] ( Actinobacteria ), #XBE % [ ] ( Tenericutes )
FHLUFFEE ] ( Bacteroidetes ) %5 8 FipE ], Hrp
AL T | ]( Proteobacteria ), B | J( Firmicutes )
FiZEE ] ( Actinobacteria ) X 3 Fh [ ] & il
PERERTA BT 98%LA I, /2 1 18 A AR A 5
1T, AT P45 517 A (Engel etal., 2012)
A0 B SR 2— B, 1 — T % 545 [ P O
WA E WA R, B IE R 95%
DL T LA LS TR o 6 0 fi7 38 TR R 22 ) A
HRIE AR, AT R R ZILEI]

( Proteobacteria ) F1JE-BER ] ( Firmicutes ) J& W%
EAE N LT O e B = 0 O 2 S M 5 1A
IR L IRBAE (G ), TMERERE ] #R 2 5
L RPHER (G, AT A (Jagoueix et al., 1994)
M SE—3, X PR TZERT A A o e
I ELAE g 38 R A T ORE B P O A R R A B AR A R
BE o — TN 2R [E B e B S, BB P R T
LR T — PR R EZ AR, KT LA A
PRI AW E LAY ( Promnuan et al.,
2009 ), FRATTHIRFFE A BE T EUAGBRITM3E T 2 i
TE TR R OB £ T 1] 09 AR X T OB W 2 R IR
(P<0.05), iR F A6 MR iy ke T &
AR AZ B T BT A =R B AR N e
GBI EZ , X AT REXT S e A T —
Y52, A0SR PR v %) 2 A E T U R Y i
YRS A7 HAWASR A 10 6 77, A ] g 8
HEM) A It
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XEERA BEMZES, H51E Gilliamella Jg .
Pantoea J& . Bifidobacterium J& . Raoultella J& .
Proteus J& . Shigella J& 1 kiebsiella J&, A1/
K25 A Gilliam (1997 ) BIBFFE SR KA —
/o, fl AT M AF 5 & B Gilliamella J&
Bifidobacterium i 2 % 14 i 1 R 1 P 34T, 31X
RN B R R i 7 2 45 5 0 i i vp SR RN 2 £F
e Z DI REAR, IEAEK AR Z R Rl B B RO i
FAG 25 0 S I U 1 R i = T AW P AR A
PR EXTE RPN, AT &I,
FH 504 TR 38 T 10 5 06 i T AT R v 3k R T )
FEXT SRR D 2 T (P<0.05), TiHH 44T
FIFHET, 3K AP B 4 A K 32 31 T 4 AT e S 2L
WAL DI REZ B — 2 AR IR, D5 1 1) 2 e
(AfEERE . Pantoea J& fi & FiFh -5 HE P AH O 1) P
Tz T ARG, C NSRS A28
K, B L K. Y. SRS (Delétoile
et al., 2009 ), FRATHED XA ER AT R H T2 i
W ERY . POK R A IREE R 3Rk AS, JEEA
i et . Shigella J@ 2 TR T N 1 & 7k
S I I 11— o B R D R DB e R R
N i FE AR TS (Black etal., 1987 ), &
TS &% P Pantoea J& 11 Shigella J& 78 F 536
ik 1) JEfR 38 T 7 i 2 TR TR R B G L R R
BT (P<0.05), iBHX PR 2L Kz 5] 730
il , FEUAG TR A AT 235 |k PR B Y T
WA TR IS ST 9T . Klebsiella J& 2 25 16 i it Hh iy
— Pl DL RN, RYMAR S SRR S R & Al
R TER. LR IR 9 0 555 5%
( Diancourt et al., 2005 ), Proteus J& A1 Raoultella
R HEB 2GR R, Proteus J&) 12 405 T H AR A
(L3 AKFTEK) h, EAESRGETRIEEE
FER, Proteus JEAL S ZMAMEON, MK
B 5T g B A A IS X B B R AR IR AR [R] X
W2 AR B B F (Rozalski et al.,
1997 ), Raoultella J@ & —JS >4 QM IR AU,
Iz TEIREE (KR 3 ) T, WFR oy EREE 40
I (Bagley etal., 1981), AW FER, XKHE
il Kebsiella AAHRUER], T SEAMKHH—F
Y484 (Olson et al., 2013), AT LI
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iR 7 2 1 il v
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