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BB IR AL 2 AR 30 RE RO A6 B I Ak 2 WA 55 4 R VE ) I A 2R A A TR S O L B B L R B
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LRI o R T A 9 W 0 2 T B AR A 125 7K ST 1 43 2 25 el 0 B i R5OA BEAE R AR O
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T BREFE R LU DY T LA (]9 4K 5 20 A5 0F TR SR AR A h AR B I RO DT JE AR AS L B DNA R 4%
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1 MBEFE

1.1 ERERRE

SRR R R TR T EE R DU I Ll T 9 AR DR IX JF R, RIS AR BR BRI T 500,700 F1 900 m 3 3 R
R IF T 2020 4F 5.7 F1 9 A& HEAT 1 RFESL R . TR IEPORAE 255 75 18 b IV 38 35 M 70 D 26 A 4 00 A
FRAE A& BCE 1A RAE R SRR Z A A B P B 2 R T 2 kel 2o rh AR S 0l O 1R AR TR BB AR (1~1. 5
ko) o DA AT A5 D % SR o s A SR P A0 050 SR 8 Y TR A T A% L S RS [ T 4R AT 1) 6y AL 0 3

SR IS B ST ) R A MR TSR T 2 T R R FRH T Y e A v BE PIL e B TR A R L IX 3 Cr AR 24
925 em®) HEATARIC Bt TIETERES 48 h INIVAFHT R ARG AE R . SRAE I BIK 25 2 e, Shy sk 40 J A6 %) DNA 540 6
DNA 317 18] (8 5 75 58 S35 G 00 0 2 ZRRE Sl R IR Y — et fdi ] 2 8T T Bt 7 DA [) — 3 X sl 1) AN () 8 1 v 4
SRR, HAREAEMTR bR X B REALIEER 20 S8 55 Je IS 1 8 J0 TR B+ O 10 A48 55 Y 25
ARG R T —32 5 mL JOW B0 T AR R AR A AT RE G BERD I AE 2 R B R AR 10 S ELD
WY TR R IR B S5 A D) — 3 5 mL Jow B0 AR A RIS S0 DT AE a1 i R DR IE 1 B g YR A 3R
3 1A HY -0 EC AR PR R R B IR AR R L B R — 80 CRIRIR UK AE TR AR AE

T R AR B S MAE S V6 S 3 AN IR EE 3 A 3 AN E R, Bl T ARG 0 TR E 2 5
Sl FH 1A DS AEL 0 BT 55 A0 R AV 53 AT s DR O e 2 SRS A3 R 4 o BT A o R R R 9 0 A R R RS 54 1 I A&
F, HEMREFRELRSWE L,
1.2 DNARE

WERRFEA 7 —80 “C HRIR vKAR P B 5, & T F008 MR BRI AR R BT R SRR, R AT E.L Z.
N. A. ® -3 DNA 5] & (2 H Omega Bio-tek 24w A2 7 ) 43 51 4F e K RE A v 10 3 VEUA 9 56 D9 41 DNA i 47 42
TBL, F A ™ A A 0] A DR B R R . FRIRE U L A 106 B IR REEE I F VK kT DNA SR M E AT A I . e kR A
BAR4 DNA IS iR 2B —2 . /&5 F H NanoDrop 2000 B i & 43 66 1T (3£ E Thermo Fisher 24
Al A PO M E DNA W5 465, 3F LD ODyg, /ODyg, AEAE R AL TEM 05 . I A AR E 3 IR S0,
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Tab. 1 The collection information about bee bread of A. cerana cerana

AT A a4 ) % 4K/ m R4EH
PMay_ L db4h 28.78° K4 106. 37° 500 2020-05-10

PMay_M b4k 28. 74° R4 106. 38° 700 2020-05-10

PMay H b4 28. 64° R #:106. 33° 900 2020-05-10

PJul L dt4h 28. 78° K% 106.37° 500 2020-07-09

A R AE PJul_M dt4h 28. 74° K% 106. 38° 700 2020-07-09
PJul_H Jt4h 28. 64° K% 106. 33° 900 2020-07-09

PSep_ L 4 28.78° R4 106. 37° 500 2020-09-02

PSep_M db4h 28. 74° K% 106. 38° 700 2020-09-02

PSep H b4 28. 64° K% 106. 33° 900 2020-09-02

BMay_L Jb4h 28.78 K% 106.37° 500 2020-05-10

BMay_M b4k 28. 74° R4 106. 38° 700 2020-05-10

BMay H b4 28. 64° R #:106. 33° 900 2020-05-10

BJul L dt4h 28. 78° K% 106.37° 500 2020-07-09

e A 2 R BJul_M b4 28. 74° R#: 106. 38° 700 2020-07-09
BJul_H Jt 45 28. 64° K% 106. 33° 900 2020-07-09

BSep_ L b4 28.78° R4 106. 37° 500 2020-09-02

BSep_ M db4h 28.74° R4 106. 38° 700 2020-09-02

BSep_H b4 28. 64° K% 106. 33° 900 2020-09-02

W :May F2 325 H,Jul ££3 7 J1,Sep ££3 9 J1,L £38 500 m, M f£3 700 m, H £3 900 m.P ERWIFEM Y, B R B4
BT,

1.3 PCR ¥ &5 F
1.3.1 fRMIEEY DNA

Sy S8 S AR VA R VR R ) AL B, B R TTS2 X AE K Ay FARIC AT Y. BT ST 8 an R ITSS2F . 5'-
ATGCGATACTTGGTGTGAAT-3"; ITS4R: 5-TCCTCCGCTTATTGATATGC-3', PCR & W 7E ABI
GeneAmp® 9700 I PCRAX 47, AR R BT 20 w405 .2 pL DNA B4 (5 ng + uL ') 4 pL FastPfu
Z .2 pL ANTPs(2. 5 mmol « L") (IE M B4 (5 pmol « L™ ') 4% 0. 8 pl.4 pL FastPfu &8, F AL
ddH, O #ME . P3G P E N .95 CHIAEPE 5 min; 5 #E4T 29 NMEFRE 95 CAEPE 30 5,55 CiR K 30 5,72 C
TEAH 45 s EFREE T 72 “CHEM 10 mins )5 T 10 CIHEIERAE .

PCR 7= ¥ 48 J5t it 4350 2 V6 1 3 s W 6 fise F T A I /5 DD B H A %45 ] AxyPrep DNA B B £ BUR R &
([ Axygen Biosciences 23wl 4 7)) #E 47 4li4k , 44k 7= ) 4 QuantiFluor™-ST #% 7% % € & £ 4t (3£ [H Promega
oAV P TR G A% T . R B AR IR A BR S W AT JE 2L OB M2 Tllumina PE250 F- & Xl /¥ .
1.3.2 $£IRZHE DNA

R4 HT B R b 4 TR RRE VK 45 ML 3k A X 16S rRNA B V3-V4A X B B 51 W AT YRS, 341F, 5/
CCTAYGGGRBGCASCAG-3";806R: 5'-GGACTACNNGGGTATCTAAT-3', PCR #" 14 7 ABI GeneAmp®
9700 A PCR AL L #EAT, RN AR R PG RRP = kil L alifb S P 25 3R 34 5 1. 3.1 1 ik ik — 3.

1.4 #HiELE
1.4.1 HEEYHEMNTRS TR
SRy Y ifR 65 R R, R DU AR AR B TTS2 JE AN A7 an R ok - 1) Bt 51 9 2 AT — g 3 %, T Re 4 1 ok
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H bk B3 74 5065 BT A B B 3 A9 4 4> 25 8. 5T (operational taxonomic units, OTU) T LA 2) KT
DNA % 58 Z2 48 DUEE R PCR 7 Y v e S I Y1S 7 F B 22 . B0E OTU B FEBEBE Y 10,8 B F BT
10 /9 OTU WA B FEEIESEAT IBRSY . FESEAT Venn S0HT I L i — 420 W RO 51 7 25 8080 3 4~ 50 & (0 4 Fh ) 571
RSB FACE BEAR T 10 A9 Bt i 4,
1.4.2 HAEFIHFEFHLESHE

T 16S rRNA FE[H V3-V4 DI FP s i 4b MR AR 40 R - FLASH v, 2. 11 8400 X 1 352 B #E A7
PR (EBKEAET 10 bp S ECRAE T 0. 27 s FIH Trimmomatic T H i #8152 BE oK ot i BB A T 20 A9 6
L IFRAE— 10 bp W B NE AT 20 B9 X BT X e DR G E IR . &R . Sk
K BE/NT 50 bp BB ffi Bl Usearch v10. 0 #fF Chttp://drive5. com/uparse/) i i1 M 3k 40 %5 5 2 % 5 51 1
XA A A BRI A A AR TR T . BT 97 WAL XTHETCAR P A3 1T OTU 225,50 OTU X,
K MG, R T Silva B0 % (Release 138. 1, http://www. arb-silva. de) i RDP 432588 2. 2 Jix Ul it
Wikt OTU RRFJF IV SAT YRR . R T 4 _norank” R/ % /3 FEHLITAE Silva 8 7 BIK R
Hh v G BH B R 2 44 B DR AR e R a2

Rt RETHMERE LT F A0 OTU i TR A 51 HAT — & 012 R 7 2k, 1 B S 4o 1k
M2 AR IE Y OTU 8 5IBR . W16 50 H s, S HEA h 280 OTU R 8ARSr 25 B oo b 0y 28 B A 0 = BRI
AL I 152 7 AE T = B2 B R 0. 196, AR B o 46 8 e e MR AR S o Jag K P R I 3 7K P ) AR G 2 BE R AIR T 0. 120 1Y
KT IR S0 HT .
1.4.3 HUEHH

JIr A il B e Ak S GE 3 43 AT TE Excel 2016 B0/ 58 B, 4 W] 22 5 R ] SPSS 22. 0 B #EAT FRLR R 5 22 403
Mro #&F OTUs. i R BB REA M 1) Bray-Curtis B 5, Ifil 13 factoextra {2 il 2K E KK, Beta ZFE
P37 R AR BE 2 22 4 R /3T (NMDS) 3T vegan 435" 52 B, I LAATRLYE 20 B CANOSIM) 46 56 4 ] 22
EHEAGH¥E X, 2 p<<0.05 B, RXGETHFK R LSRG G248 L, ML RAH ggplot2 ™ ity
ATAAL . BB SR A Cytoscape B IE AT 9 FlokE DG M 18 19X 4% mT A0 ) 2

2 HREHMH

2.1 HEEEHREEVSERAFHENFERSW

Xof r AR S e W R AR A R AT R i U L AL S R R S L SR RS 1 149 673 R AR ITS P4, 11
KB R (342. 66 6. 39) bp, 4% 97 YoM EE B H] 1 016 4~ OTU ; % A 55 e e bt 31547 40 1 5 9 43 7, 28 5 ik
Ak 3 {8 0 8 I, 2L ARAT 724 865 S5 AL 16S rRNA JF I -3 )57 5K Bk (415. 98+4. 06) bp, £ 4H [R] A6 L
KR R4 3] 20 002 4~ OTU,

i ] RDP 432888 % OTU AR 75 #EAT YA B, 45 2R Wos Ry AR ) R I8 09 1y 91 i B 31 26 H 44 B} 80
Ja 5 41 BR A TR Y e B T R G SR TR 5 486 H 808 BR 1 754 B (£ 2).
2.2 HEZEEREABHBEEVERZOCARESST

rh AR B R JE R (0 M R K 80 ANJE L SRR AR JE T TTS J3 91 % 1 45 2 19 0 TR A ) & B S 3 o 14 A4,
Horp , PMay_ H REA B8 5 AR Y 8 B0 I, 9 (10 0. 8) 4 T PSep_ H £ 7S B0 YA W Jm B0t e s . (21 &
2.6), WIS RGETE, e AR 27 ASFEAS b USRS 19 10 DR E R ALY R L KK Ch B8 (Castanea) A%
AJ&E (Aralia) BT JE (Rubus) & J& (Artemisia) . 25 2 J& (Brassica) W J& (Lithocar pus) (3 Ek K& (Rhus) |
T J& (Mallotus) K3 @ (Elaeocar pus) M2 01 J& (Ligustrum ) » "B ATIERE A db i B BB K 40 5 8 24.20.18,
15.15.15.15.14 .12 F1 12 k. {EAERMNZ, HE MR T 7 f1 9 A 78 h AR5 8y IR D) h ks (B 1)

e WA AN T RE 75 7 T . h AR M R AN B BE IS OTU 20 A B0 M B 8 57 b . BEVR 25 M0 o0 A R, AT Y
OTU M E 220 ZFapEe (R, BIR R B 23 OTU LA 1 AMXEEBT 0% 8% OTU G
15.96%)  HEE®E T 1% 8 OTU XA 4 4. £ 16S rRNA R 4 L XF, iZ M3 OTU 5% % AT H )8
(Apilactobacillus) B GER BT F AR UPE S35 99 %6 . 3R W12 ) 4 A1 70 6 M2 20 TR A V& b o 4l e XP O 3 ki for . iR
OTU AT F= EEBE T 1% (E 1b)
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Tab. 2 Statistics of species numbers about A. cerana cerana nectar plants and bee bread bacteria at different taxonomic levels

FEA H %k B J& $x
PMay_L 7 9 11
PMay_M 9 10 13
PMay_H 6 6 10

PJul_L 12 13 15
PJul_M 11 13 14
PJul_H 14 15 21
PSep_L 7 7 11
PSep_M 11 13 17
PSep_H 13 16 21
BMay_L 301 440 713
BMay_M 263 397 645
BMay_H 300 463 841
BJul_L 294 441 743
BJul_M 203 311 507
BJjul_H 288 442 743
BSep_L 302 442 720
BSep_M 274 400 640
BSep_H 310 445 697

T R B A B o P 35 8

00000 00O0GPOCOOOESOE OGOOGOOGNOGFO 00 ® O® ® Cuianca
00000ODOOOOOOSOONONONDO ® 00 O i
o0 o o 0000000000 QOROO® O Ruu
900000 Q0000 O®O®O® O Hinisia
0900000 o0 00 | N 0 Brassica
00000 00 00 ® ©® © lithocarpus
L N NN NN N NN NN NN N T
o OO O 00 o000 ® ® ® ® Vallotwus
(N N N N & L N N N N N J Elaeocarpus
00 o000 00000 O Liununm
- & N = & M= A o= N o= A g o= & N o= M o= & 6 o= ¢
el E\ E| E| I| :\ I\ mlia e S| E\ E| :I ::I = P E| E| E\ II ::I ::I
2R E = o= oo 22 2 E =2 =2 =2 3 =3 8FFassea s
S EE RS EEREEEEEEEEEEE S S E R D R o€
SRR B N =S - - -G OO RN GO ¢
a HMEEEERAEBHFEEVELSFBR
O 00900900 O® Apilactobacillus LEROESES
Burkholderiaceae_norank 0.8
Gluconobacter 0.7
Raouliella 0.6
Thiobacillus 0.5
Anaerolineaceae_norank 0.4
Actinomarinales_norank 0.3
Desulfococcus 0.2
Hydrobacter 0.1
Vicinamibacter 0
- & N = & M o= AN = M o= A ¢ o= & N o= & M o= & ¢ o= o ¢
oo E\ E| E| E| :I E\ mlie e E| E\ E| m| I| I| e E| E| S\ E‘ m| m|
R E =222 B2 5232323222322 F e o2 s
8 E F P rERE RS 25 £ =5 =52 2 2 £ 2 ¢ 9 T T T T o< 3
EEEZZEzzz S fEEEEEELELLLLLLE
b Bb R A E

TE < P o rP g o 50 B 11 B AR R L FloRs YR A ) R AR R AS TP AP A
B1 HhEERERREMBEEYESHBEARZOARBHEIN FE

Fig. 1 Distribution of dominant pollen plant genera and relative abundance of core bacterial genea in the diet of A. cerana cerana
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2.3 REEEMBEEYDRERAEFESHEEIN

FF NMDS HEJF 73 17, A48 5 0 Ry U AE ) 1) Beta 22 76 AN ) 22745 (0] 2 BB & 22 S M ()] 220 , ANOSIM
M — L AR B A G L E2E R (R =0.680 8,p=0.001), A, ¥ Y Beta ZFEVE UG
WHEIR A E X FIES R =0.194 5, p=0.003), #—L MM LA B R,500 m(L)5 700 m(M)
R Z A R VA A B A it X E 2R (R =0.202 7,p=0.036), 1 500 m(L)5 900 m(H) Z &
(R*=0.1457,p=0.1355 700 m(M) 5 900 m(H) Z A (R*=0.1217,p =0. 30D M E RN HAG G 2#E XL,

Ty — 7 THT AR e AR A TR VR 1Y Beta 22 RE M IR E 25 1 AR AR T B 8O [F] (BT 2b) . ANOSIM 43 #1 25 5[]
FEIESE T 4B B Gt 8 L F i EF (RP=0.597, p=0.001), SR, B TETE S IRBLE B E R AREA
it F i L(R* =0. 081, p=0. 066) , P . J5 252 A N 4 VR HR A0 B - 1% W R A4t DR 55 A0 WAL A0 1A T R DA 23T

2f1 5]
= L
02 PJul_H 04-
< « PJul_L
o PJul_M s
4 I
* PMay_H s a gl
- . o e PJul
S 0o + PMay_L ]
é % . é 8 * PMay
= . + PMay_ M z { * PSep
’ PSep_H L]
L]
PSep_L.
~025 - 2P
PSep_M -0.4 -
~0.50 -
—050  -025 0 025 0.50 05 0 05 1.0
NMDS1 ( Stressf&40.1150) NMDS1 ( Stress{E40.1150)
a MiEEY
0.6-
. 10-
2[5
04 . BJuLH
! BJLI]_L (]
05-
« BJuLM ;
21531
02- * BMay_H « BJul
o ol
8 BMay_L E . L | * BMay
= o . = - |
= BMay_M = 0 « BSep
0- BSep_H i
BSep_L 8 .
BSep_M 05
~02
050  -025 0 0.25 0.50 ~06 ~03 0 03 0.6
NMDS1 ( Stressft40.145 5 ) NMDS1 ( Stressfi40.145 5 )

b EEIRAEE
TE :stress {H/NTF 0. 2 BIZRIRARE A (0] ZH B AR UV 9 Z 4R 3830 ¢ BN S5 R T He 32 . UEWI A3 BT 45 SR LA — s e 3 3L T P25 4047
B2 meZgRniREnmaEss Beta SHESIN(EEESHERER)
Fig. 2 Beta diversity analysis of pollen plant and bacterial community in bee bread of

A. cerana cerana (Non-metric multidimensional scaling)
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2.4 FREEEEMIFEEY RERMA RS EBEXEST

F T OTU /KN, 5F 5 U5 A Yy A AR 41 4 B V5 B9 Bray-curtis FE B 384T Mantel #5025 R B8R — H BEI% 4
B E L FWIEME(N=27,R=0.199 1,p=0.004 0), #E—4>Z=4 (5.7 f1 9 ) #4T Mantel K55, 45
SRRBTEIX 3 DI By ALY 5 R A R AR S i B L B IER G (5 H:N=9,R=0.323 6,p =
0.048 6;7 H:N=9,R=0.358 0,p=0.0253;9 JJ:N=9,R=0.339 0,p=0.043 0), Zi b Frik, rhA% ik} I
L) 2 1815 e v 00 TR R 7 5 R LA B A OB

i3 Spearman AH G o B #E — AR 5TR IR AE Y & 5 6 ML A0 T J =2 R] 1Y AH OGP L S5 SR R LI Ar By IR R 5
R W KR 2 TR R A A W) S I DGR (1 3) . BLAR I M AAT RS S ERHRIE (Zea) RG22 L FIGAH XK
(p=<<0.05) ,Apibacter JB 5K HEJE (Paederia) .3 W& (Cucumis) . HiJ& (Dioscorea) , ¥ N & (Momordica)
NEFH G (Ageratum) G173 L FE WA & (p <<0.05), Thiobacter J& 5 B K& (Justicia) 5 ¥ @
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Analysis of the Correlation between Pollen Source Plants and

Bee Bread Bacteria in the Apis cerana cerana

RUAN Xue'?, ZHANG Ke'*?, DENG Fei', CHEN Linjie'?,

LONG Jingui'®, ZENG Fanqging'>, HUANG Dunyuan'’
(1. Key Laboratory of Conservation and Utilization of Pollinator Insect of the Upper Reaches of the Yangtze River, Ministry of
Agriculture and Rural Affairs, Chongqing Normal University; 2. Chongqing Key Laboratory of Vector Biology
Control and Utilization, Institute of Insect and Molecular Biology, Chongqing Normal University, Chongqing 401331}
3. Shenyang No. 126 Middle School, Shenyang 1100003
4. Simian Mountain Forest Resource Service Center, Jiangjin, Chongqing 402260, China)
Abstract: Bee bread is a food source for larvae formed through the storage of plant pollen collected by honeybees in honeycomb cells.
which undergoes microbial fermentation to become durable and easily digestible. Studying the correlation between bacterial diversity
in bee bread of the Chinese honeybee (A pis cerana cerana) , pollen-source plants can further elucidate the interactions among plants.
pollinators and microorganisms in natural ecosystems. High-throughput sequencing was used to analyze pollen-source plants and
bacterial DNA in bee bread collected from the Simian Mountain area of Chongqing at different altitudes (500, 700 and 900 m) and
during different months (May. July and September). A total of 26 orders, 44 families and 80 genera of pollen-source plants were
identified. The three most frequently occurring genera were Castanea s Araliaand Rubus. The bacterial community in the bee bread
showed significant heterogeneity in operational taxonomic unit (OTU) distribution, with Apilactobacillus being absolutely
dominant. Beta diversity analysis revealed significant differences in pollen-source plant composition across different months and
altitude gradients (R* = 0. 680 8, p = 0.001 0; R*=0.194 5, p = 0.003 0). The bacterial community composition differed
significantly across months (R*=0.597 0, p=0.001 0), but not across altitude gradients (R* =0.081 0, p=20.066 0). At the
OTU level, pollen-source plants and bee bread bacterial communities were significantly correlated (N=27, R=0.199 1, p=0.004 0).
Significant correlations were also observed within each sampling month (May: N=9. R=0.323 6, p=0.048 6; July: N=9, R=
0.358 0. p=0.025 3; September: N=9, R=0.339 0, p=0.043 0). Correlation analysis at the genus level indicated significant
associations between certain pollen-source plants and bee bread bacteria, such as between A pilactobacillus and Zea (r=0.800, p<<
0. 05). These results demonstrate that the diversity of pollen-source plants significantly influences and determines the structure and
composition of bacterial communities in Chinese honeybee bee bread in the Simian Mountain area of Chongqing. It provides a
scientific basis for conserving local Chinese honeybee populations, clarifying dominant fermentative bacteria in bee bread and
developing improved artificial bee bread products. It also contributes to a deeper understanding of tripartite plant-pollinator-microbe
interactions in natural ecosystems.

Keywords: Apis cerana cerana ; pollen-source plants; bee bread bacteria; correlation analysis; high-throughput sequencing
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