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TR A, Bl 1 R E . T LR
T ANECE PRI ™ o, T A AN,
HL BT DN i A7 0 S R0 I B T B (R A SR AR K RIAE
%, WE MR, P RE, TE )L
HREH T M RHH, SR, BRI AR AR T
EORAYRUE , 4l 36 B 0l 1 I8 3 i 2R PR AE
(colony collapse disorder, CCD): & F5 N 1) T 14
RO, TR T2 3 T N2 A G,
HEEvm vl g2 Z P R N S 300, A6 IR A RN 27
Az g R B9 | A2 1 S RN Bt g LA S A
e U0 B B TS B B SR R, XS F R R
FE PR e RSO B TR N
PRIX MR, B ST E A6 ST i T8 TR X
W ft R )5 )

o 3 R TR AR A B SRR A i il R R S T
FEZRMXRFY, f£EENEET. R, %
e gl R P T B DA . e Bk
FRY], TINGIENFEMEE 9 Main, Hh
A 5P AAAE TR EEGIEN, SO
O IETFRE, (55 A FLERIE Lactobacillus Firm-4
F1 Lactobacillus Firm-5 . Snodgrassella alvi .
Gilliamella apicola #il Bifidobacterium!''™"3! ) H 4y
4 FOTE N7 B NECR A 2 B i AN RE i 30 2
Frischella perrara, Bartonella apis. Parasaccharibacter
apium, Alpha 2,117 30 SU B 7R 2 e (1 Bl
PG AR T AR, SR, B S
WA R HOR TC AR AR 18 0 18 N TR B TR AR
B L TE R A R A R T DR AR R AN A
Jowki i Al AR o i I BOR 1Y S
K fE T B s A A e, AR T
W B RGBS, it TRk, W
W6 Ji 3 TR ) A IR A S T BEER AR T SEE R
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P BN, Jones SFEXT TR EEAEARIFAEE T HY T4
HETERF(16S rDNA)EAT ol S, & I e iy
Qb A R X2 G0 A i v S 8 51 AR =
A —E RN, 5 e R R TR R 2
Jo 3B N Y £ 2R T2 BB, B T B R SE T
RIS gpah, MBI TIRR, AR
WATETRIFF(16S IDNA)IZER, SaE kst X
SO 5T AR 2% I g 3 R R 1 T B GRRE . fRERFR R
YA E B AVE T o T 18 TR A ) RE Y R R T
Ji70 1 TR A () 2 BURN 254 o i T TR A A BB R 1A R
TE 2 B0 45 P T2 B 1 6 et B0 A R 9 4T G AR A
(Carassius auratus)l7iE M SHi#EE EHRAT £
FEPE 1Y, Stephens %5(2016)% AR & &4k
A BE D £ (Danio rerio) il A B E S LA EA T
TR, LR, 5ol hss
Wi TE 00 & B e, SR, KREZWEREE
FE R S HATF 9 415 3R £ e 2L s g AR 2
Xof B S T TR A 8 AR AN Z L. Powell
85 (2014) T 5% 22 BH 106 14 fi 1 TR A 2 B
Fhos Bk A, AR 53kt ss 0 Hid 2
JIG AR T 06 gy 3 TR A R (R i T TR A A 2 RE AR [
TERLG A A, TN TERE, JUHAZ
O TERE, 7E55 7 HISEFHER, 5 A T 20
PR B LF—30, BIEE 7 H R v B e T
Y 1B TR A2 BRI AR A A

JEHT IR ZE 0 5T B R A T O SRS X 7y
WA RS, 15 5 W IE AR Z R
FEIRRAF, AT T WA ab B b w4 S HE Y
MZBLApE R 2 5, WA R ERX—
B AR AL TR S ARAZ O TR X 2 B 1 ek
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(0 B R A R T IR B o AR A A5 SR A
ASCAT 3 0 AT Xk T g G T AR A, L RE NS
Sy BE 5 H Al B0 ) i T T R ) B R R 2
FfRE

L AR

11 THEES

ABEFE B FE SRR B2 2019 4E 3 H .
B8 T R AR IS, FRATHESE T — TR 7 )y 2
W, IR EE T A E A T D A e i S
W AL F R RHE S BSOS R
s ) 41 e (%) 0 o 5 LAt T 3 i), A 1.5 mL
DA, fidh 0 Hi, FHLENA-80 °C
VKA. BTk, HEHMBMARBENBHEEFRZ T,
WRLEE AT 34 °C (B B 3R ), AR WIS 7
) 4l , J-fi 41 (L BL IR B AR 28 e ) 75 BB 2R 174
e, BARicarm 20 R4 AR, iz AR
AR ICSERTE], 7RSS 7 REHHT IR, 43
5 HARRICH L, A 1.5 mL B0, bR
e 7 Hi%, 7 B A—80 °C VKHf - %1 DNA
A $E R
1.2 DNA #ii#2#1 PCR ¥ 1%

WRE S s B TAES, ST s
B HEAE R, ISR 15 mL BYELOE
Hi## TIANamp Stool DNA Kit (FHLEMH AL
Al DG U i TS DNA flide . I
NanoDrop 1000 (Thermo Scientific, &)X} DNA
WP ANA FE BEA TR, i — 2D T 1.5%B b B
JKEFL VKA DNA 5248 B FH 338F (5-ACTCCTAC
GGGAGGCAGCAG-3")Hl 806R (5'-GGACTACHV
GGGTWTCTAAT-3") 5| ¥ % V3-V4 0] 48 X 17

PCR ¥"8, ¥ 37y 95 °C 3 min; 95 °C 30s,
55°C30s, 72°C30s, 27 MMEH; 72 °C 10 min,
PR ZR N 20 uL: 4 uL 5 £ FastPfu ZZ 1P, 2 ul
2.5 mmol/L dNTPs, 0.8 uL 51%J(5 umol/L), 0.4 puL
FastPfu B4 ; 10 ng 4 DNA.
1.3 llumina M7

T 2%BE R BEBERE MU PCR ¥, FIH
AxyPrep DNA Gel Extraction Kit (AxygenBiosciences,
SN TAlifk, Tris-HCL YEME, 1.5%3 MLk
Kl . F)FH QuantiFluor™-ST (Promega, 32 [F)if
TIAEHE R, MRS Tllumina FRUERVERIAR R 4k
J5 B9 1E F BRI PE 300 B ST A EE SO A T -
(1) BEZY PRk (2) i AIREERI % 2 BRi%
Sk HIE R B (3) A PCR 98 A7 SCIZR AR Al 1)
HAE (4 AAMIENE, RS DNA B
JiT A e I R 4G B SR AR E G R A
FR 2\ A 7E Illumina Miseq ¥ & (Illumina, ZE[E) [
AT
14 BEabs

J5 s W e 8 {8 Trimmomatic %K 14
(http://www.usadellab.org/cms/index.php?page=trim
momatic) {5, 4 F FLASH A7 PH% (1) %
B 50 bp BIE H, ARG 0N RS- BUEEART
20 bp, T H A7 B A 25 I i A P4
Z IR LR R KRBT 50 bp BYFH1. (2) R
I B B i 08 W Y S A T DR, PHERE
B B ) i 5 A AR IR 0.2, KRIERT
10 bp. (3) HRH4E)F 51 WK barcode Fl5 | 1K
FEAHF 4 ZEAFEAS, barcode TAAEHAVLAL, 514
TV 2 IRFERIRTIC , 25 BRA-AERO L Y 7571
fd /] UPARSE %X f%f:(version 7.1, http://drive5.com/
uparse/), M 97%HIARLLEEXS P4 T OTU &
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2, ERFM LR EBREF SRR A1, F
A RDP classifier (http://rdp.cme.msu.edu/)¥f 555
FEANBEAT A R RE, X & SILVA $ds 12
(v128, https://www.arb-silva.de/)* ) SSUTRNA -
JE, BEE HOEIEN 70%.
15 WEENFLERRIE

TS 9 EE B PCR (quantitative real-time
PCR, qPCR)AYJy ik o it e 0 P R A 7 B8
Pk 2 AFRRT 2 AN JEAARTR , S TR A0 AR
55 5 |0 R0 S L 25 A7 (e T AT SRR BT i3 195 91
FIARFPCT20, 2 04 PCR 779 H B4 5115 T
BARERE, b2 R DHSa B2 840,
PR M ok fm AR L BORE , MR ARk, Xt
PREBURLIEAT 10 F5REEER RS 6 DERRE, JFhildn
HERNZR o SRJF L 1.2 19 AT B DNA i 647
qPCR 555, qPCR ¥ 34K %K 9 uL SYBR Green
Supermix, 1E[M GG 0.5 uL, 2 L
DNA #i# , 13 uL JoE 7K .qPCR W IR F M : 95 °C
8 min; 95°C 15s, 60 °C 1 min, 40 MEIH, S
SRS AT R L b o A RO ATE A 3
U, {fifl IBM SPSS Statistics 22 X4 R 401 T
WAk iin
16 Siitirk

S ST S W WIS v S R D I I 4
(Student’s t), f#F Venn E G511 P 4H o fir 245 Fid
A1 OTU % H . %&F Bray-Curtis 525 #E471 F a5

43 #T (principal component analysis, PCA),

2 HERFpAH

21 WFpEsR

XoF A SBORE Y 10 A7 2 e T i i 2k
Yokt s AT, — 58] 515156 S57 40, K
1 227904953 bp, XK K 442.40 bp 2T 97%
ALK -, T fip 1 2 T A ) 3R 2K O3 b R A
2469 1~ OTU (3R 1),

Fii B il £& (rarefaction curve) iz Bt & AEATE AR
() W 7 B I AL E ) 2, e 97%ARLE
1) OTU 432827 /KF-, FIMH mothur AR FEAL
AT 7Y Sobs F8 4L, FHHH R Ffhasiilmm ket £
(B 1o AWK 1R LIE S, om0, iR
FrE R T AL
2.2 T W[ B PR R B AR B

BT OTUs WYS3E3RWI, 745 %0 T i
AEESTIE N 34 1T, 82 4. 221 ~H . 405 4~
BEL 799 NEGER 1) P45 B T8Nl 18 i 1 TR A
TEN 1 RACHR A K 2 Fos . Hrp F 22k
h AR B I'] (Proteobacteria) . J& B I
(Firmicutes) . JitZET# | ] (Actinobacteria) . fUFF ]
(Bacteroidetes) . i%#: 4| ](Cyanobacteria) . 7 # Bk
# (Deinococcus-Thermus) . 425 B | ] (Chloroflexi)
PERLEAT J(Verrucomicrobia) . FRFTET ] (Acidobacteria)
&, HPARE T 0 HIRH 7 Hi M T8
AR F R 40% 2647, AE 2 ik T LR
0 H WA T3 il N R BE TR T 1(16.5%H1 41.1%) |

#= 1. TH5B7EHEEE 16SIDNANFEAER

Table 1. Basic information of intestinal bacterial 16S rDNA sequencing of workers
) Number of different taxonomic categories
Gene Number of valid tags Number of OTUs -
Phylum Class Order Family Genera
16S rDNA 515156 2469 34 82 221 405 799
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Figure 1. Rarefaction analysis of the different

samples.

LR T T](8.0%H01 13.3%) A0 =F /N 7 H i T 47
ENRER . SR, 0 H S T 738 N BT T
FREET 7 B, A 35108 15.5%F 2.0%.
UEAh, 0 HidHAE N BER ] SR BRI . 4t
BT PRI ] BRAT IR TR AR F R T 7
H % A= B
2.3 THJFHEER Alpha fl Beta 2Rty
ABFEI L Alpha ZFEPESM T S VA VI TE
MEEEMEFEE, I/ Chao. ACE F5EU WL
%F &, {14 Shannon. Simpson $8%5 s W% %

FePE. ] Coverage T IS BT BEGGR 2),
LT BT AL 0 H R T B s 7 H i
T8 Y i B TR AR 22 BRI A AR W 3 25 5 (ACE,
P=0.0014; Chao, P=0.0013; Shannon, P=0.00033;
Simpson, P=0.0028). It#l, Coverage 8%tk
T 0.998, KM FIRAT, Bri1sEURE e 5t 00

m Proteobacteria
W Firmicutes

W Actinobacteria
W Bacteroidetes
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Figure 2. Bacterial community composition at

Phylum level in different groups.

*2. FHMEHGOT

Table 2.  Statistics of diversity index
Diversity indices
Sample names Coverage OTU -
Shannon Simpson ACE Chao

01 0.9995 921 5.44 0.03 926.15 932.55
02 0.9995 482 3.86 0.12 493.00 494.83
03 0.9995 909 5.55 0.02 914.60 924.83
04 0.9995 1017 5.53 0.02 1023.60 1032.79
05 0.9996 789 4.70 0.07 794.63 803.25
71 0.9987 326 2.18 0.23 371.65 361.75
72 0.9988 301 2.76 0.10 341.52 337.12
73 0.9994 295 2.34 0.21 310.80 310.53
7 4 0.9989 151 2.00 0.20 208.19 187.83
75 0.9989 270 2.48 0.12 302.19 299.17
P value / 0.0012 0.00033 0.0028 0.0014 0.0013

http://journals.im.ac.cn/actamicrocn
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RFVE B A TE R, ILAh, 0 Hl% T4
MR OTU B H 25T 7 Hi¥(OTU, P=0.0012)
(F 2). X0 HERF 7 HIRAIERERER OTU HH17
TR, EATT A B OTU £ H 2y 405 1>,
%50 XA 1973 4~ OTU B HZRA R, Wish 7 K
HHA 91 MFEAR OTU %t H(E 3). ik PCA
G EIR, 0 HIRFN 7 H & W20 01, RIIAM
HSZIGRE A AL PR AT 5, FLE— 2 U0 RIS D 4
A TE T RE R AR5 S 7 RS T 8% 1 B RE Y
Y5 AL HAT B 1 22 (8 4),
2.4 VG R W TR A T A R A LR R AN R
PRREARN F B2 R4

IR ER VG Jy B 0 10 g T T R LS A N 2%
SR A T B REARG B 25 5, IO e T

Day 7

1973

& 3. OTU Xttt Venn &

Figure 3. OTU compares Venn diagrams.
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Figure 4. PCA plots for different groups.
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W TE N LR (B N AR F S T 1%
AR AR 2 b ARSI, FLIRA
Lactobacillus (P=0.0009) . A##T i Acinetobacter
(P=0.015) . Gilliamella (P=0.0471) . X B #F &
Bifidobacterium  (P=0.0410) Shodgrassella
(P=0.020) . K #T 14 & %X IR Escherichia-Shigella
(P=0.0001). ¥Hi8 MU Sohingomonas (P=0.0043).
HKATFH Bacteroides (P=0.0023). 18 &4 RHLE
Nesterenkonia (P=0.0130) % #§ #4
(P=0.0084)7E 7 18 P Y AH X 3= BE £ 78 Wit 3 22 5%
(E 5). HAZLBFE . Gilliamella, MU FFRE |
Snodgrassella 4 F & AR XS 3= B2 B E G0, A ST

RGO . IR . 2SR
/Eﬂ;ﬁ% ERHR AT S5 6 FhTE B AR XS 52
E U
25 FREENFLRE qPCR RIE

qPCR %55 i 718, Acinetobacter sp. (9% Il $7E
0 HM 7 Hid 51k 89.96x107 Al 0.64x107;
Snodgrassella alvi ¥ DIELE 0 HIEF1 7 H & 530
41 0.023x10" il 54.14x10’, Bifidobacterium (%% Dl

Thermus

BtE 0 H N7 H 735319 1.61x107 A1 74.53x107,
Day 0
Day 7
Lactobacillus Be—o——-——+ ~ 0.00087
Acinetobacter F—— - 0.015
Gilliamella \—r—x + 0.047
Bifidobacterium b=——x + 0.041 2
Snodgrassella == + 0.020 =
Escheriehia-Shigella P = 0.000069 :
Sphingomonas P - 0.0043
Bacteroides P = 0.0023
Nesterenkonia P + 0.013
Thermus P = 0.0084
0 10 20 30

Percentage (%)

5. FRIHRMBERES
Figure 5. Analysis of the difference of dominant flora

in different ages.
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Lactobacillus f#5 DLEE 0 HIRF 7 H 551k
14.08x10" F1 233.6x10”, Acinetobacter sp.AAHXF
FE A 292.79, #5 D15 R 140.56; Snodgrassella
alvi FAFRXT F2 B L 2965.78, 2 D% Ay 2353.91 ;
Bifidobacterium FARXT B2 Lo 40.44, 5 DUELLL
H 46.29; Lactobacillus [IAHXTEE N 1451, #
DIEREER 16.5 (K 6), FRIT T 106 gy 18 TR 1 vy i it
T 5 B AT S

3 it

DAE IR K 2 R T AN 7 % i 1 TR i
s, B U 3 TR A o SRR A Ry T
R, ABFFEE T Humina M FEE AT 0 H #F#1
7 H VG 5 G AR T A T TR RE 16S rDNA 578
DT e S, 48R T T8 A B A AR
K, HEREBFZFEEN S, VIR T
SRR ARG = B A B E P 0 ) 1) A2 A

350 ¢

[] Dayo
250} T [[] Day 7
"\2 |
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2 M
>
=y
S
g 20¢
5 I
= T
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0 e |-:| —
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Intestinal bacteria of the A. mellifera

El6 TiMERMNSEENFERN qPCR Wk
Figure 6. The qPCR validation of high-throughput
sequencing results of gut flora of workers. La:
Lactobacillus, Ac: Acinetobacter sp.; Bi: Bifidobacterium;
Sn: Shodgrassella alvi.

BIFFE R BTN H s 4 74 5 2 0 18 T AR
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B, XTIX PR B B 1B T RE R ARG T b, LA
18 7 W T BT S LA S 22 R 2 FNRR G S 1 AR
fbo AHETRE, 0 H T8 R 2R L 7
Hig T B Wi 2 . XL E M
KrpmytR—3, HHERE ENEAT, BXpE
PR 2 RE I B 3 AP0 AL, e B
RERE, BT 0 2R T AR — R AR
R, 7R R RIS ER AL YRR

il 0T HAL SR, T2l — e .
Jkl:ﬁl\ BRI, 0 H I e i3 P il = A% 0
R, X5eRTARE — Y, E—EET 0
H i T e e s i B Z O B . XF T 0 Hig
(40 Ay fal B = A% 0 B E, AFSE B HGE T 2 Fh T
RERYJEA . 4N, Powell 55 (2014)F H T 8 (%0
PRI AFE S 2o ek 2 2 o (15 e g P LAt e AR A T 4
fl)FRAT O, TR s e A 5 At T e A
fil, X PTREZEEL 0 H & T I = A0 I
RNz —. 734b, 7 B T IEAE s By 9 352878 2 4
e A, K WA ) 25 R AR IR R &) R AR
(1 T B0 TR R P i G R A T AL A TRAT
Fh23 4y TR BRI T A% O R A

0 Hi& THfpia N ELDASERT T8, 1
HoAth B AL ARTE B TR R i R R 2 — LT
XL R Y IE T B AU N 7 2

AEJE B IR 8 R A A B ) — AR . 249K,
I A 0 X B 22 1 R IS A 1 T A

AT AN T LIRSS . eAh, 0 H i T 718N
AT FE RO ERER T BT R
I, XADEE R K4 (Anoplophora glabripennis)f7
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125 M3 TT B 2 B U 38 B R TR Y 4R
Ko FEIBZACE b, 0 H R T8l 8 Py 253
RIS, @ A T A R A iE
W, HAEE EIHEE YT AR )
REDY, R—REEMEMIEGER, NITE
E%#Uﬁ%%%%ﬁﬁﬁ%%%%ww K,
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VY7 B AT T S e R IS AR T, B
T, (HUR, 7 BRI TR A N A
REP R Z A, BFLIRAIT R . Gilliamella, X
I AFE . Snodgrassella 45 4 AMEHUL, X 4 M@
WATHF ST e 2 W i T8 N SRS, %
WY VG 2 0 g T TR 1 B — A B R A AN T
R Eh AR LR ROROSUBAT B A (L i 1
X RO e JR A S . N, BERE
K SR TP 73 B 1 LR TR AR DUSE A TR R T T 1 3]
W Gy PR i R R R e AT DL, T
1 1B N B R AE T E R A A iE S R TR £
FEME R E, ARRTHR B =0 R ]
Y. THAE 0 HIRE 7 H e, FIH Tk
AR B RHE, A B8 3 W BUBAT 3 AT R e
TR, WMt TR LT AisEd,
7 H O VE 5 e T 0 TR] 0 H IR AH FL A, & BLRUS AT
PR TE 1 18 ARG 32 B S S, SR BUEAT TR B
A BCATR NG P ) — B TEE DRI
BN, AHFGE IR T UK 3 Y R X
0 U g T TR R S PR A TR R, TR P
B W AU T 06 g T TR S BRI T 1 S B I ] 79 A
Xof L fin 3 TR AR 11 22 A B T AR X S A T
I3 BATHILE L, 7 B T M7 Wt £
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Comparison of intestinal flora structure between starting point
and steady point of colonization in workers (Apis mellifera)

Zhixiang Dong', Hongwei Li', Jun Guo'?, Lianbing Lin"*", Qilin Zhang"**

" Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500, Yunnan Province,
China

? Engineering Research Center for Replacement Technology of Feed Antibiotics of Yunnan College, Kunming 650500, Yunnan
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Abstract: [Objective] Now, there is no reports on colonization of intestinal bacteria in insects. Exploration for
difference of intestinal bacterial structure and composition between two key time points (The starting point is
0-days and the steady point is 7-days after pupation) of intestinal bacterial colonization in Apis mellifera, deepening
understanding of intestinal flora colonization in bees and even insects. [Methods] After pupation, five worker
individuals were collected from each of the two time points. Samples of workers were dissected and then DNA of
intestinal flora was extracted. High-throughput sequencing for the highly variable region of 16S rDNA of intestinal
flora was implemented using illumine platform, and then diversity of intestinal flora was analyzed by
bioinformatics. Intestinal flora showing the highest relative abundance at the two time points was statistically
analyzed, as well as the relative abundance and composition of intestinal flora were compared. [Results] A total of
515156 quality sequences were obtained, with a total length of 227904953 bp and an average length of 442 bp.
According to OTUs-based classification, intestinal bacteria of workers were classified into 34 phylum, 82 classes,
221 orders, 405 families and 799 genera, respectively. In addition, there was a significant difference between Alpha
diversity index from the starting point and that from the end point of intestinal flora colonization in workers (ACE,
P=0.0014; Chao, P=0.0013; Shannon, P=0.0003; Simpson, P=0.0028). It is found that the relative abundance of
Lactobacillus, Gilliamella, Bifidobacterium and Snodgrassella increased significantly, and the relative abundance
of Acinetobacter, escherichia-shigella, Sphingomonas, Bacteroides, Nesterenkonia and Thermus decreased
significantly (P<0.05) in 7-days workers by comparing to 0-days workers. [Conclusion] Intestinal bacterial
diversity of the newly emerged (0-day) adult A. mellifera was significantly higher than that of fully colonized
(7-day) workers. The relative abundance of several intestinal bacteria in adult worker bees changed significantly
after colonizing. Results of the study not only increase our understanding for colonization rules of intestinal
bacteria in bee, and also provide important references for studying colonization rules of intestinal bacteria in other

insects.
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