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Research paper

A DNA Barcode-Based Survey of Forest Beekeeping
Pollen Plants

Yi-Shan Chao,' Young-Fa Chen’
ABSTRACT

Beekeeping plays an essential role in the forest-based economy, where pollen is both a product
and an important resource for gaining insight into honeybee foraging. This study investigated
the pollen resource of Apis mellifera in the Experimental Forest College of Bioresources and
Agriculture at National Taiwan University. Pollen was collected and the DNA was extracted monthly
from January 2021 through June 2022. The internal transcribed spacer (ITS) region, a commonly
used plant DNA barcode, was sequenced using next-generation sequencing technology to identify
and then create a catalog of plant composition of the pollen. The study catalogued pollen from 58
species belonging to 28 plant families, including 34 introduced species and 24 native species. The
proportion of pollen from introduced species exceeded 95% of the total each month. This high
proportion of introduced species may be associated with human activities in the vicinity and the
extended flowering periods of these non-native plants. Notably, we recorded high production of
plum, bamboo, and tea pollen in specific months, suggesting potential opportunities for developing
specialty products.

Keywords: Apis mellifera, DNA barcode, forest beekeeping, pollen plants, under-forest economy
Yi-Shan Chao, Young-Fa Chen. 2024. A DNA Barcode-Based Survey of Forest Beekeeping
Pollen Plants. Taiwan J For Sci 39(1):53-68.



Taiwan J For Sci 39(1): 53-68, 2024

[

an
il

R HERHY S - i FUE
PRI BN KBRS » T Ry I R SR8 L F4E (colony
collapse disorder, CCD) (Stokstad 2007, Wang et al.
2009, Potts et al. 2010) » HEZRIHEE « EYEE
HZ - BBEARPEEBRE  FREEE
R 54 fIHEEL(Chandra et al. 2019, Atanasov et al.
2021, Flores et al. 2021) - fHYI{EZRIEEE K AEK
RN BB - e R RS - I
B R HAE SRR - bR —E R ER
JE(Di Pasquale et al. 2013, Vaudo et al. 2015) » A~
[EAER AR B & S th T Re g B SR i R
(Vaudo et al. 2020, Barascou et al. 2021) °

EEGEEY > W7 (4pis cerana) Ry
AFEEE - B2 AR 2 A BRI ERE(30004 R
HImill - 2 RSP AR IRAE - DB R B 5 P
(4pis mellifera) SiFRERINEE » Z#100EFTHHA
AGIARISMARE - 2 H Al i S A 1
HIPIRE - 2R EEMAE B 201948 H BT
KIS PR P R (200645 ) . JEL R /N
RGEITHI B E R R o B ROE R BN
HRE Y AT BRI TR I R 0 2019 20104F 4k
FT RIS EE 20022 T -

HRMERE P E AR » AR — s
i DURFERIEYI R T - B E S R LA RYIZR
U PRI 2 AEH) Bl 2 AR E » HLRR
Rir > HEE=E15 LA ENERS - Al
KR AR - FERD ~ M SR iR
TEYIRREE - WEIEREE HAY B IR Y 2 B
I35 BB TRABR B ZERE L ST AR e L 2R
FEVEHE [ L AAR E IS IR YR Tk
Sy Ry Wt - AUHE H ARk - HiE
F - AE I FE B ST 2 2 e R SR A B 1 30 BRAE )
o BB IR TSR IR E RSN o [FRRE
FUOSRAEIE IR T R - YA KRR R BRTER
%> HEHEERI S (Jeng et al. 1986, Hsu, 2018) ;
TR BRI S AR A I A ) P PRI TS B A
E 5210 H (Beekman & Ratnieks 2000,
Hagler et al. 2011) » #ELUSEHEFE - SGHEAEH

55

ELTEY 3 SRS ARAE )T (i e s iR A R e
$ - fONE R IR Gk DSBS 0k - DL
TERE#EEHEY)Y)7&E (Shubharani et al. 2013, Pucion-
Jakubik et al. 2020, Rasyiid & Susandarini 2020) °
B R RRREF SRS - RE BT
TR o 0 A BUZH ELf f0k 0 BE RS, - ELER AR K
W — RSN I TRER R TR
I FE TSR ERHE) - (HET 2 VIR ERD T REAE LTS
R 5y A8 A1 (Rahl 2008, Khansari et al. 2012) -
TR T REI ST IE I Jy> Bl e st 3 3 £l (Yang
2012, Yang et al. 2012) » $&AA R & 4 i fbers 8
Ef#HF(Hsu & Luo 2021) -

LLoy + Fe 51 8 8 W) Rl 9 48 di iR 5 (DN A
barcodes) (Hebert et al. 2003, Group, 2009) » JTH
REZ A E i E - - B EHRER Ak
I TER DNARGHBIP IS B A Sk ~ &
SYRAST IR R DR EE A BRYE S (Hawkins et
al. 2015, Bell et al. 2016, Milla et al. 2021) - 45
HURFZEEE ] T Sk Be Y » Wrbel ~ trnH-pshA
FltrnL(Valentini et al. 2010, Galimberti et al. 2014,
Bruni et al. 2015)8#% ZE K1 TS(targeted internal
transcribed spacer)FIITS2[&E 5k (Keller et al. 2015,
Richardson et al. 2015) - JTHAERI A {ERy DNA
SRS A rbel + matK (Richardson et al. 2015) ~
rbeL + trnH-psbA (Galimberti et al. 2014, Bruni et
al. 2015) kzrbel + ITS (Bell et al. 2016)%5 » $1¥HH:
— Bk ~ YN SERER T > rbeLMmatKAHH
MY EIR R « RFBEINH— B
PRRR LM B ITSHY JF Beisd BB 005 - e
AEEE - HHER T A ZNE 85
IS F%1E& K (Hollingsworth et al. 2011, Keller et
al. 2015, Richardson et al. 2015) » AHFFEE K H
ITS2HHH & 8 A ERY SR IR A - FRAL L 51
FAZ AT - SRANME] bt - 2R dr e r ik Bh 2 ]
RETEPCREFA AWM R A - ATREE Y
fE S - R SRR R
(Arstingstall et al. 2023) °

PR BRI REICHE T I (e R e g e TR 72
ut SRR BRIV VIR 2 AR A Y BB T Y
BESEERET » ORI B R R LATS AT © Tl



56

R /K E A E BT L EIRFTIR R L ACR I
VIRERE > AWTFEETTIER 0 T - FIRITS2 R
BDARAAGE 7 Jiik  HUBEIR ] e 2 i A st
AFEIA e - DS HIE 4R 2 S 2 IR E YY)
B TR RROR A E B T 2B
HIERETT SR -

MEETA

TERMBEARIR

LL20214E3 H ETHIRFER L - HE#ER ARy
THEMAE > 8 JHEE20224E6 R IE /KB EME
WA EWER A - BREA B RIE B IR
HKEENENA -

TEMIDNAZZEN R 1 T8 5E

(—){ERIDNAZLEY

SRR & H ZAER B - kR
AREFEAFE OO - DB &
Bk2-4%8 - DAHEE N ARREZEERE£% - DNAZEHY
FEF B % cetyltrimethyl ammonium bromide
(CTAB)[RHZHE(Allen et al. 2006)3E1T » %<
IR IDNAYER100 pliz fEE 7K > LIDNA/RNA
Calculator GeneQuant IJHIEHE » UiFikEZ20 ng/
HLER-20C i » [FIRIRIFAE-80CIRTE
()KMEATE AR B

DNA barcoding3#HITS2:Z A5+ >
pollen.ITS2 F - ATGCGATACTTGGTGTGAAT >
pollen.ITS2 R-GACGCTTCTCCAGACTACAAT
(Richardson et al. 2015) » JITS2 primerfA5 b
[llumina Barcode Adapters(Archer™ MBC Adapters
Set, ArcherDX, Inc. USA) » 43 BIE% et 85H F LA
BRBAREAR o ZERABHKOD FX Neo Taq
(TOYOBO Co., Ltd. Japan)iE{7PCR - #EH453-555
FoRE GRS - PCREMIEER20K - PCREYITER
{i% - W TSR HE A AN adapterf% -
{E & (pooling) » LlIlumina Miseq 300 pair-end 315
HEITER -
(&R

RGN ~ BRIG R —RD IR 01 AT

KHMEAE Fe F s F5 & e LUk g FastQC
(Andrews 2010)f5 241 5E » B LA Trimmomatic
(Bolger et al. 2014)%[fzadapter » F|FHPEAR 0.9.8
(Paired-End reAd merger (Zhang et al. 2013):#i52
R1 ~ R2FHiEFFAER » P FIPURCHE S (Pipeline
for Untangling Reticulate Complex, (Rothfels et
al. 2017)3E1TfF5#4H - PURCHS 4 TBLAST+
v2.4 (Camacho et al. 2009) (5% EL A %5 A}
reference sequencefffblast) ~ LICUTADAPT (Martin
2011)Z%frbarcodefI5 [+ ~ LAMUSCLE v.3.8.31
(Edgar 2004)Et# & cluster sequencesfyread
number > FFLIUSEARCH v.8.1 (Edgar 2010) cluster
fHEI S > %58 FIUCHIME (Edgar et al. 2011)
EERFPFIFP YR A (chimeras) LUK ATRERPCR-
mediated recombinants * fx1% YN Fr B A
K e

FEPURCII T4 » ATANS AR AT 43 e % A M
B (cluster) ~ FEEEFFI Bl 1% £2 3 H (cluster read
size) o KT B EEA T MV R R P T ISE & i — 1
fastaf > DIKA%BioEdit (Hall 1999)F#yMUSCLE
(Edgar 2004):£17#E > FF2ADnaSP 6.0 (Rozas et
al. 2017)31T H A (haplotype) 734 » AHIEHIFFHIE
ZRylA—EBAY - DUBALE, B4 A FINCBI R/
GenBank3fE{TBlast# ¢  FHE FRINET SRS R -
B SRS B2 et al. under review) %
YR LR IR iR AT RERI YR -
et BDARHER A R -

R

WFFEHS R G L HME AR - S H I —
R0 MEOHFI H IR B R R T ARBERA > 113 ~ 4 -
SHATEITOEE AR HEE—R(Fig. 1) « EFF
Fti R AR DR A B B (read number)7F. 13,144
52,617 M » Fifi R £ A BRI BR7E 10,8198
47,7042 [#](Table 1) - FpF& ¥ EdGenBank L2
% TEVIREEEN) b YR E o sERERR YT
B 44TE > E05 PR R R HITS BeRy i TR 222
/NTIEELUE B 1B 51 » 15 DU ES R F & -
P E Y B R - S



Taiwan J For Sci 39(1): 53-68, 2024

57

Fig. 1. Samples of pollen grains analyzed in this study exhibit
different colors due to variations of plant species.

Table 1. Read number obtained from individual samples using next-generation sequencing; raw

data and clear data (after filtering)

Mar-21 Apr-21 May-21 Jun-21 Jul-21 Aug-21 Oct-21 Dec-21
Raw 14,808 12,082 13,144 15,400 20,954 14,521 30,527 31,363
Clean 13,247 10,819 11,828 13,943 18,287 12,897 27,200 27,377
Clean / Raw 89% 90% 90% 91% 87% 89% 89% 87%
Jan-22 Feb-22 Mar-22 Apr-22 May-22 Jun-22
Raw 26,398 21,801 27,639 31,900 52,617 34,236
Clean 23,645 19,633 25,158 28,129 47,704 30,424
Clean / Raw 90% 90% 91% 88% 91% 89%
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Fig. 2. Ratio of the quantity of exotic species to native species in the pollen of each sample.
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Appendix. Species catalog of bee pollen plants by DNA barcode, including 25 families and 51 species.
The number of species in each family is indicated in parentheses following the family name. “#”

P33

indicates endemic species,

indicates naturalized species, and “t” indicates cultivated species.

7% Gymnosperms

1. Cupressaceae HFH2)

Cryptomeria japonica (Thunb. ex L. £.)D. Don {2 +

Cunninghamia lanceolata (Lamb.)Hook. 227K 1

-] Dicotyledons

2. Actinidiaceae FEIEFKEN1)

Actinidia chinensis var. setosa H.L. Li ZE-Efk #

3. Adoxaceae Fii{EREH1)

Viburnum sp. 255
4. Altingiaceae E{H}(1)

Liguidambar formosana Hance #i75
5. Amaranthaceae HFH1)

Amaranthus dubius Mart. ex Thell. {Efl[& *

6.  Asteraceae ZgE}(11)
Ageratum conyzoides L. TEF#i] *

Ageratum houstonianum Mill. EE{CFETT ] *

Bidens alba var. radiata (Sch. Bip.) R.E. Ballard ex Melchert KfEFZEE *

Bidens bipinnata L. {3t *
Bidens pilosa L. H{ERET *

Crassocephalum crepidioides (Benth.) S. Moore HEF1EL *

Erechtites hieracifolia Raf. 75 *
Mikania micrantha Kunth /|NEEERRE *
Pluchea sp. REEI%5 8

Senecio scandens Buch.-Ham. ex D. Don &%
Wedelia trilobata (L.) Hitchc. FAZE I *

7.  Bignoniaceae 2 FH1)
Tabebuia sp. [RGB
8.  Brassicaceae +FAERL(3)
Brassica napus L. PAEEHSE 1
Brassica rapa L. JHSE 1
Raphanus sativus L. ¢85 (HEE]) T
9.  Cannabaceae KJiifH?2)
Humulus scandens (Lour.) Merr. £E5L
Trema orientalis (L.) Blume [l [55Jif
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Cucurbitaceae JJLEH2)

Cucumis sativus L. 5/ +

Luffa cylindrica (L.) M. Roem. $}/I{ *
Euphorbiaceae AEEEH2)

Macaranga tanarius (L.) Mull. Arg. [{T14#

Vernicia fordii Hemsl. =44 1
Fabaceae GEH6)

Acacia confusa Merr. #5545t

Desmanthus virgatus (L.) Willd. 2455 FLEE *

Leucaena leucocephala (Lam.) de Wit $RE#K *

Mimosa pudica L. & 755 *

Trifolium alexandrinum L. 2 ¢ —ZEEL ¢

Vicia sativa subsp. nigra ¥FHi5. *
Fagaceae Z%=3}£H(1)

Quercus glauca Thunb. I
Lamiaceae FIEEN1)

Callicarpa formosana Rolfe HH[ &
Lythraceae TJH=ZRH1)

Lagerstroemia subcostata Koehne J1.55
Moraceae F=£}H(1)

Morus australis Poir. /NIEZ%
Myricaceae f51FEH1)

Mpyrica rubra (Lour.) Siebold & Zucc. 151k
Nyctaginaceae S5 FRH1)

Pisonia aculeata L. [ %
Paulowniaceae JEFEFEH1)

Paulownia sp. YIS
Rosaceae ZHEH2)

Prunus campanulata Maxim. [ [[#E{E

Prunus mume (Siebold) Siebold & Zucc.

Prunus zippeliana Miq. 2= 118

Rubus hui Diels ex H.H. Hu & 5& 801
Rutaceae ZZ&FEH1)

Zanthoxylum nitidum (Roxb.) DC. EE |
Sapindaceae fEEET-RH(1)

Euphoria longana Lam. FEfR *
Solanaceae 7iiFEH2)

Capsicum annuum var. grossum L. FHH T

Solanum americanum Mill. YR EEZE *
Stachyuraceae FEETERH1)

Stachyurus himalaicus Hook. f. & Thomson 3 f5efét
Theaceae Z5RH(1)

Camellia sinensis (L.) Kuntze %%
Ulmaceae fiEh(1)

Zelkova serrata (Thunb.) Makino
Verbenaceae FEfELRL(1)

Lantana camara L. FEEF} *

BF-TEE%) Monocotyledons

28.

Poaceae RAEH6)
Chusquea sp. F/7TIE
Dendrocalamus giganteus Wall. ex Munro ZZ ¥ FAT +
Dendrocalamus latiflorus Munro FifT *
Dendrocalamus strictus (Roxb.) Nees FIE BT +
Melocanna baccifera (Roxb.) Kurz ZLEAT +
Stipa sp. 15 &




