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Diversity of plants foraged by Apis cerana based on pollen composition in honey

samples in several mountainous areas
GUO Xinjun” , MENG Changjun, FENG Jing
Key Laboratory of Natural Product Development and Anticancer Innovative Drug Research in Qinling, School of Biological and Environmental Engineering,

Xi'an University, Xi'an 710065, China

Abstract: The honeybee Apis cerana, which can pollinate different plants, has an important ecological service value. To
further understand the diversity and characteristics of Apis cerana selecting nectar and pollen plants, pollen composition of
honey samples from Baoji (in Shaanxi Province), Wangmo (in Guizhou Province), and Fengshan (in Guangxi Zhuang
Autonomous Region) were studied using PCR, DNA barcoding, and high-throughput sequencing technologies to assess the
diversity of plants foraged by Apis cerana. Based on analysis of the obtained sequences of rbcl gene fragments, it was found
that there was no significant difference in Alpha diversity index of nectar and pollen plants at the OTU level among all
samples and that there was a high correlation among different replicates of samples from the same site, but a low correlation
among samples from different regions. A total of 82 species of nectar and pollen plants belonging to 71 genera, 46 families,
and 27 orders were identified, among which 57 species were identified from BJ samples, 30 species were identified from

WM samples, and 40 species were identified from FS samples, with great differences in the species composition of the
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nectar and pollen plants in different regions. According to the plants identified from the selected samples, the order
Asterales has the most abundant species, followed by Ranunculales, with 12 species and 7 species respectively. Among
them, there are 44 species of herbs and 38 species of woody plants (including trees, shrubs and woody vines, etc.). The
characteristics of inflorescence of the nectar and pollen plants were analyzed, but no obvious preference for inflorescence
selection was found in this study. In terms of the floral composition of the different genera, there are generally more plants
belonging to temperate distribution types than tropical distribution types, with 46.5% and 36.6% , respectively, while in the
FS samples, there are more tropical distribution types than temperate distribution types. The dominant species in different
samples, including Artemisia rubipes, Helianthus annuus, Brassica rapa, Mallotus phillipensis, and Eriobotrya japonica,
etc. deserve further study to understand their relationship to Apis cerana. According to the phylogenetic relationships of
nectar and pollen plants, the plants visited by Apis cerana lie in different evolutionary clades, with the main concentration
in the Rosids and Asterids clades. This study reveals the composition characteristics of Apis cerana selecting nectar and

pollen plants which will provide a basis to understand the importance of pollination service function of Apis cerana.

Key Words: Apis cerana; pollination; nectar and pollen plants; high-throughput sequencing

AR (Apis cerana) 3% TN RSB UR , BEHFC U M3 N7 1L XHREE ) R FRIE A3 A e ) AR 1 e i 2
—o MEAER BEE W Bk AU AED T AR AR IR O U R R 7R S X R A
SR AR R R 2 — | T AR I R Y A R R A W R A A O T A AR
PE 0 XA R Z R R AR S R G AR E SRR B R AT AR e A RO e RO
TR T B SRR R ZREVERRARSE  HE M A S R AR E . Pk, A b Bt — 4 Tt
Xt F AR B WAL AR RN R 3858 X0 AL By D e -5 A A5 R 55 A B F 2 TR

FUFHEAY 7 T T R AE R TE S 10 4558 | A3 R e 2 e AL B R W AL A R L i AE by
SRR, B DNA S5 A5 I o f 00 P 5B AR R P A BT 1 fy i 46 5 A6 453 TR 45 00 114 W ol 241
JRCT AR RREE L RE SE IR AR PR A 43 2 R AL o S BRI IO B 5 R L, A
RIEPOR WFFE X AN [ M DX R0 A e | R e | 1 R ) e 6 o e 7 ) ) A DR A B AT T 00
BT Sy B U AR I R S ) S R A TR I S

SRy k25 T fif v R B 1) A DAL ) ) AL ISR A S AT TXT r R e 1) A o i 55 D RE R 2 A TA
WL ARSI R G B BE U (PCR) (DNA 5 A5 R o 38 ) PP S5BAR ek o Bir dee S0 8 A oy )R D, W1
PSS DX UL (8 AL ISR FCAR A, Sy i v 4 e o S DAL A 8 96 1) Al - v 1 e 5 Sy DAL )
A1 A O 2R S S B IR, O AR B e TR A PR AP R Bt — IR

1 RS

1.1 BEACREE

FEHL I B REAERE Y 45 T XS T (B)) S A B E (WM) 7 P AR XX EL (FS) |, T 2021 4 9
H—11 J e R BEHLSERE 3 EAH (AHEE 50 m LAPY, #4548 N i 5 R R[] 343K 1 4F DL ) & UcgE 1 i i i
FESER IAEE L 3 ANEE , SR AOREGFENER 1 PR,
1.2 SEETTk
1.2.1 FESAER 42 DNA 425 PCR K s i &2l 5

PRI S RE G4 50 g, 20 B TRk & A 100 mL ZE487K , Fe /0 HEAS BIREW . 43 9L 10 mL #E
WE T OB ,3000 r/min 2.0 10 min, Z2FR FISRG N ZRBE/K E 10 mL, BT R E O, £BR
IR DR R RERER B, B RS R AR A

FIH E.Z.N.A™ Mag-Bind Soil DNA Kit i G #2HUERFEA DNA >R Qubit 1055 &2 S A I DNA ¥ 2
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DI € PCR 2 b H:H &, PCR 738 rbel FE P H 89 A Bt 9 51 91 A rbeL-F ( CTTACCAGYCTTGATCG
TTACAAAGG) Fl rbeL-R ( GTAAAATCAAGTCCACCRCG ) "* 2!, % JH 2xHieff® Robust PCR Master Mix PCR
PRI TS PCR N, IFFESE 489 5] A Mlumina #7328 PCR FEE 519, A HE SO

R1 BEERRMER

Table 1 Information on the source of honey

R H 2 Hb st PrEAF B T
Samples Regions Longitude and Latitude Altitude/m
BJ BV G T K2 106°29", L4 34°37 1005
WM BN BB A 106°06",Jt4h 25°107 815
FS TV B YA ORI B K% 106°52" b4 24°37 706

SCPE RN 3ok B RE B I FL DA, 47 14 P ) 240 4 TAR ) TR (i) I A FRA Rl A sl s Y
1.2.2 Hdmitp

FIFH Usearch BRI ARAF 1P A HEA TR G 15 3 B AR MR PTERVE S-S H05T (OTU) P51, THEE 454
AR OTU /K FERIEHIY) Alpha ZEEVERL, IFHIH SparCC HAEREA (Al AU SE R B0 P, fH1] R 15510 gplots
L TIREAR AR S8R 7 51 He X T H ( BLASTN) 5 3£ K J#E ( GenBank ) F A0 2547 HL 4 (hitps ./ /
blast.ncbi.nlm.nih.gov/Blast.cgi ) , 7 7 fe (£ FE X 25 R ARAG AN FIAE D) 24 FR  FEW) 2R R G S 2% E Y Y S
S (http://db.kib.ac.cn/ ) Fl P ERL B AR YRR B0 H 0 (https . //www. plantplus.en/en ) 45 X2 4 R AR 47 (1)
G B b BRR A AESP RS BTG AT SRR YR I X R AHES S SR
1.2.3 A HEEAE R AR D0 H b 2B

A& OTU (77 FIEL, T2 P s By IR AR ) e REAS vh AR X 2 82, et REAS th i e S5 b, L
FEAS TR =5 B 1 25 5%
1.2.4  EWIEHY RS CER T

I MEGAT1 X 3R A5 04 & T S by AR Y rbel. BE PR 53 9 0 2R A7 Lu X, O R FH @Bk (ND) M R 48
RO PRI R G R B RRIEAT M, I SR R G R B WAL (APG) JENT A4 T HIY) 4
KRG VIL(APG V) HEATHA ™

2 HREHSH

2.1 EHEHIY) Alpha ZAEVE S BAH SE

SRR SO 553200 1.00+0.00 , U HARE & by SR ARSI LD AR ABE SR ARARR , Sz il 1 AR Y s 235 SR T AR 3R
FERL I LI N . A AP IV EITE 40000 25 LA b A5 (9 B IRAE M W Fh = 5 BE 45 . Chao il Ace $5 %K
ST B REAR TR AP =E & &, Shannon F1 Simpson 5§ 50 B T A Y Fh ZA£PE | Shannoneven $8 50 s Bt T
EREARYFISIE . FHEARN OTU KV R IAEY) Alpha ZAEHFEBIC R & 257 (K 2) .

R2 BAEHIREWAR Alpha ZHEEEIEL

Table 2 Alpha diversity indexes of nectar and pollen plants in different samples

SRV S HeAS Samples

Diversity indexes BJ WM FS

P 352 Coverage 1.00+0.00a 1.00+0.00a 1.00+0.00a
FEAFFIEL Number of valid sequences 48617.67+2639.10a 84304.33+63103.81a 43103.67+746.33a
Chao 541 Chao index 73.17£29.01a 43.44+35.13a 59.12+7.26a
Ace TE8HX Ace index 76.28+25.45a 44.1+34.58a 64.01+2.79a
Shannon 54X Shannon index 1.57£0.94a 1.19+0.62a 1.69+0.32a
Simpson F5%X Simpson index 0.39+0.34a 0.42+0.17a 0.27+0.10a
Shannoneven 8% Shannoneven index 0.36+0.19a 0.32+0.09a 0.42+0.06a

F BRI AR 22 , 0 FOR ¢ 22 AN R
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5 MR AR P AN [) ZELAE it T 2 R0 AR DA TS [ e DXARE A TR) A DGR A, (H WML A FS A 3l A it .
AR R A AHSCE (1), n] RE-S M HBEE BRI B A O . AR ] A AR SC Ik Sk th 45 SR HA — e F A A
HA [ sl A BA B )

————e

FS3
FS2
FS1
WM2
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WMI -

B WM

FS

wv H

BJ2
4|{£ BJ1

BI3 BJ1 BJ2 WM3 WMl WM2 FSI FS2 FS3
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IR A%

E1 FEREXEHRE
Fig.1 Heatmap of correlation between different samples

B B VYA SRS TIREAS s WM ST A B ELREAS s 1S ) P RR 1 3R DXORUL BAEA

2.2 A HORE S R IR ) ) b 2H AL

XT3 M 9 AMFES I IR 1 P AT IR S HERAS 241 4> OTU, BE T4 OTU J¥41 Fo Xt 73 #r , HL 3k 45
IR 82 Fh (Hh 19 R M ERE) (3R 3) ,SRIE T 27 H 46 BL 71 J& . & FEA D M 0E i 2 8 H T
YIRS REPE A FXGTIREAS (BY) A 57 T 5t N A B ELAE A (WM) o 30 i, 1Pk B 6 DCRUL AR AR
(FS) H 40 Fil, BJ AT WM ATHE 20 4>, BY Al FS ILA R 24 4>, WM Hl FS SEAF 19 A, Hoh =#3HF 18
A, 22.0% , FEA L L (Artemisia rubripes) \Fe 1 ( Brassica rapa) 3K (Eurya alata) 55, AXHE—HLIX 1)
FEAS I LA 55 Fl 5 67.1% o 31 A BUAE BI AEASH A7 9 Al BRAE WM FEA A 15 Firis 31
TE FS AEAH pr s mT L = A ot v o IR i W A 2 A R R 25 57

OB E RIS T S HRZ A 2 M BREA TR, ERE RAAH BIEHSH 6 M, FAMY)
AT (TR FEARFARBTREASE ) 7300 44 B0 38 i, X LEAEY) A /D BUR AL L (ANIESE Duchesnea
indica) , ZBOCWALIT , 6P BRIV FEIE AL T (W53 Allium sativum) SARAEFF (WY %EE 5 Bidens pilosa) |
IRAEF (W FETT Brassica rapa ) . TR AL 7 (W08 ¥ Elsholizia cyprianii) | B HE A8 7 (WM Toxicodendron
vernicifluum ) 55 Z2 R A ABBIFFESE FAS BE S W v A8 28 06 XA 17 18 48 04 D 12k

ZER R PR R R E MY R X R E A (R 3,8 4) , Kb &0 A XA (E8 1) &
12 4> UNEREE TR ( Clematis ) AT HJ8 ( Bidens ) 55 3 Py 70 A X (AL 2—7) Jg 3k 26 4>, b e %
Y 2z A A XS (EH2) J& |, oA T o0 A IX R A (A2 I8 —14) J@ 334 Hoh e 2 1y 2 b
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Tt 3 A X AL (AL ) J& , ARASH AR LA A7 X ZEFRUAG YRty WY A A IX 7 (AU 1) R4 A X A (2%
AU 13) Fd R 40 AT 2R (287 15) = Fh, RIS JE 1Y X R B4 AT , TR /0 A X R R Y B e &2, HOR
R G3A X A B 5 LA 53 00 R 46.5% 1 36.6% , Hord BY A1 WM AEAS & 1 70 AT X R AU IR T 4341 1X
R Z T 73 A X SR T FS FEAS hBGHE 73 A IX S0 22 Tl 40 A X2 A

R4 ETHNERFEVENSMXER

Table 4 Areal-types of genera of nectar and pollen plants

HHEA T EBEH /A

e 5 /A I Number of genera of different samples
Types Number of genera Percentage/%
BJ WM FS
15345 Cosmopolitan 12 16.9 10 4 [§
2.2 47 43 A)5 Pantropic 9 12.7 4 1 4
4\5& NG ‘»ff'(: HE 3 S 11 e/
3. B FIAAGHE S ] U 2 A 4 s6 ) ) 4

Tropical Asia and Tropical America disjuncted

4. IH {434 Old World Tropic 2 2.8 2 2 2

Tropical Asia and Tropical Australasia ! 14 ! 0 0
R RE ST | B

g‘ropiﬁﬁﬂio Tfiiflllﬁjirca 4 56 ! 0 4
7. HE T 434 Tropical Asia 6 8.5 2 3 5
8.4LEHF 43 4ii North Temperate 14 19.7 13 8 6
9. AR L 56 Y i 18T 3 A7 ; 9.9 6 ) :
East Asia and North America disjuncted

10. 1B HL R 7 7346 Old World Temperate 1 1.4 1 1 1
L1 E N34 Temperate Asia 0 0.0 0 0 0
12 it X PG W 3 AP 5 A | 14 0 0 |
Mediterranean, West Asia to Central Asia

13. 73434 Central Asia 0 0.0 0 0 0
14. W43 4 East Asia 10 14.1 8 5 3
15. P E$54 246 Endemic to China 0 0.0 0 0 0
3T Total 71 100 50 28 37

2.3 AHFEA T E R IRAE Y DL F TR o B

I 2 AT, AN [R) A A v A 34 0 o 2H 01 0 B He T o5 B A [], e B REAS v AT 21 2 & (Artemisia
rubripes) . 17] H %% ( Helianthus annuus) %5 , WM ¥R 45 IEH ( Brassica rapa) FLBELE ( Mallotus philippensis ) 55
FS HEARFH FEH (Brassica rapa) MAE ( Eriobotrya japonica) %
2.4 EHEMHY) ARG IR

rhAR I R) 1Y BB AR AL T APG IV RGN [F] 43 3¢, BLAE HEF SO/ R 222800 30 it i) |
XA A (D 3) , Dd ] AR 2 B X A TR A ) (R S PR B — 8 Tz e, P FE A% O 3 A W) 36 26 3 3¢
FIR 2 I3 S h BB B LL AR

3 e

0 B AR B R S 2 — X LR IR ) 2 A T I B 5 T A L BRI R R A — AR
H AR W T LU AR AR BRI TR AR LR A G v A 4 e B U PR IR R A D R — 4 LA L
Hotgem b & AN RIE IR YR IR AE Ry . ARETEAE = HkEA b 230l 4 58 s Ry IR AR 57 Fh (BRPY 4 538
1) 30 (SN A BRI EL ) 7140 A () PR A G XRULEL ) o I Le OB IRAR Y b BRI AR | FIAE |
] H 38 AU A 55 2 IR LA B R R SR | LR A R B O R AR 0 A i e L
SCHRARE 1Ak, X281 X SRR AR E o, R AR AR A5 M SC PR R R PR RO Tt . A 4R
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100 "

= ¥ Eurya alata
B B R/A| Ageratum conyzoides
B 448 4 Scurrula parasitica
80 B KM% Dendrocalamus farinosus
XI5 Quercus phillyreoides
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Fig.2 Dominant species and relative abundance of nectar and pollen plants in different samples
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Fig.3 Phylogenetic relationships among different nectar and pollen plants
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