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M Genetic diversity in honey can reflect the foraging activities of bees and the flora composition of
their habitats, making them a valuable tool for honey authentication. Using ITS2 marker-based
metabarcoding, we analyzed three domestic Robinia honey samples (XY, YKJ, ZHW] collected
in 2024, and identified the 30 most abundant plant species in each. Our results revealed
that certain plant species were exclusively identified in specific samples: nine species were
restricted to XY and four species were unique to ZHW. Interestingly, no sample-specific plant
species were found in YKJ. In contrast, 13 plant species were commonly identified across all
three honey samples, while YKJ and ZHW shared 10 species. Notably, XY did not share any plant
species with the other two samples, highlighting its distinct pollen composition. Additionally,
the relative abundance of these plant species varied depending on the collection region. These
findings suggest that DNA-based analysis could support the development of a regional pollen
database, thereby contributing to the identification and differentiation of honey origins.
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A 5% B39 vt ok (Kek ef al., 2017; Brudzynski,
2021; Pathiraja er al., 2023). $HH, 1]= A& A}7] go]
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EJH| o] A (Food Fraud Database)®l] W2 H E2 A&
A A= ozt Eot 5o B P97t HINeh £
2 2"t EFEL F2 A 71 dHajo= APat
o, F4o] W Eolu AgES H7Iste W, 3k
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(Bruni et al., 2015; Saravanan ef al., 2019). 121} S} $F
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22 A (1CP-MS), HA7] T H 3 (NMR), &
A QA EFH (NIR), 7420t E 1 1] (GC) 59 &
A 7] ==l e, a7ke] et w3E 24 7]
%o @ asty Eo]Ao] AgFAQ] EA7F Tk (Chavan
et al., 2022). FZ AAI 47142 24 (Next-Generation
Sequencing, NGS)2| & o2 tjgFe] {72t dglo|HE
A2 4 A =W A], DNA metabarcoding 7| H= -8
et & GAkx] Il A7 &ds] XY= 3 QT (Bruni et
al.,2015; Laha et al., 2017; Saravanan et al., 2019; Namin
et al., 2022; Soares et al., 2023). =ol| ZFHEl 23 DNA
(eDNA)E 45 54 3218 HiZE MEa 55
Stof mpol2| 2, HiE|2o}, o], A=, 28 9 7]Er &
% = 54T 5 Atk Bovo et al., 2018, 2020; Utzeri et
al., 2018; Wirta et al., 2021). TF¥SE 10| 4] 16S rRNA,
trnL, rbcL, matK, trnH-psbA, ITS, ITS2, cytochrome ¢
oxidase subunit I (COI) 5¢] F+HAE thfo= 40|
APEom, o5 &8t B AR +4 2t BHud
u} %1‘:]'(Bruni et al.,2015; Laha et al., 2017; Saravanan et
al.,2019; Chavan et al., 2022; Letsiou et al., 2024).

2 A= =l At oAloRES T e
T ITS2 THAE o83t A H71ME 242 4385k
th. o] & Tl 58 A= Fo Zrutds HolHH o]
2515t O ArtA] 91T B 5 #e| kAR &
| 7S BUIska, oyt 719 Hste] wE e At
Aol AEfetA Aol 7]ofskalA) gt

ELTET

1A=

2 Aol A= 20240 AHHE U4 ofFHAoRE 3
Z (XY, YKJ, ZHW)S T4 0 2 DNA Heheta g 248

stk

2. EDNAFZE WY

E DNAE Kim et al. (2021)2] W& HEPsto] &5}
At HA, E 10 gofl 58 R3] 9] GI buffers H7FF
ASH 2ottt o1F 13,000 rpmOllA] 3027F A4
Hasto] SR HAAES 223t F, Genomic DNA from

Tissue Kit (Macherey-Nagel, Diiren, Germany)& ©]-8-5}
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AzAL oLl et DNAS FEot3int. B3, A5
-2 DNA affinity column®l] EYA1#A ZHF DNAS 3]
¥, 9l DNAS}H A #F 240 -85t

12

3. 2foj=E{2| FH| X H7IME B

71X E A4S 2ol 1TS2 ¥ 9-& S3SH= Tllumina
e A AR 2tol B2 E AlEStelnh. & DNA
5~10ng= ©l-85t] 5x HEg ¥, 1 mM dNTP 9=,
500 nM 9] tagF-ITS2-F (tcgtcggcagegtcagatgtgtataagaga
cagATGCGATACTTGGTGTGAAT) ¥ tagF-ITS2-R (gt
ctegtgggctcgagatgtgtataagagacagTCCTCCGCTTATTGA
TATGC), Herculase II fusion DNA polymerase (Agilent
Technologies, Santa Clara, CA)2} &7 PCRS 3H5I%
t}. 12} PCR §H3 2712 95°ColA] 317 7] WA &
95°CllAl 30%, 55°CellAl 30%, 72°COllA] 30x°] 231
& 253] HEESIGloH, FA 07 72°coA 527t HH
<= Z3skint. 12} PCR 4F2-2 AMPure H]E (Agencourt
Biosciences, Beverly, MA)E ©]-&5}o] Aottt o]
T AE 12} PCR AHE 2 uLE Nextera XT index Primer
£ ARESte] 22F PCRE 53T 22F PCR R 27
2 98°ColA 127 27] B4 &, 98°CollA 15, 55°C
oA 15%, 72°COllA 309 27& 103] HHESIAC
™, apx et &2 72°Cof|A] 377t Hhe-5 Zagstnt. 2F
PCR A& AMPure HIEE ©|-83f] AAIst1H, A

% Al&E KAPA Library Quantification Kit (for Illumina

sequencing platforms)Z % &, TapeStation D1000
Screen Tape (Agilent Technologies, Waldbronn, Germany)
S o]g3f B3t F, MiSeq =23 (Illumina, San Diego,

UsA)elA @714 2442 S5t

4. Hlo|E| 244

E4H 9714 <& DADA2, Uchime, Filtering I}
de AA EZRT AES AAT &, 2ol ASVE
UNITE +INSD (Ver. 10.0) Hl°]E|H]o] A8} BLASTE ©|
&l 2Askth 2 Almo] A7IME T A4 9
off Furhet/d (Observed ASV, Shannon, Simpson)< 3
Vst om, Alm 7t #F Fx 2folE Brhshr] S5
weighted UniFrac /2|5 7|50 2 HEPHF-S B4 5}
Art.
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I|_|- Ao A& Amplicon Sequence Variants (ASVs)<] 3
o 0] 383 bp 2 21 E| QUL
1. & DNA H[EHHII S S S5t A2 2 53
2. Of7tA[oFEOIM 2] A= & &
DNA HIEHHIZ S

fjo

2l3t

HAtolFt Ao 3504 =EH DNAE ITS2 FH =

=A% A3k, F 53,516,596 41 82,588,9827H reads”t A8
A oH, AmHE FH2ES reads S 177,796°14] 7t Z A goA FEH ASVsE YA 2 E DADA2,
2743823 tt. ©]F trimmomatic T2 1S o]g3lo] 4 Uchime, FilterS ©]-&3lo] 22 a3t Hd& A A5
718 BHE ARt 2, reads 5 35,294,30201 4] 11 A XY Al=ellA] 23870, YKI A=A 8570, ZHW
63,569,6260 2 HAEQow HA & Agd 7LeETH A= of| A 128702 observed ASVsZF ER1E] o] A& T 2}
readst= 160,310914] 244,054 TH(Table 1). EH o= o7 ZA&-& E 2}, Shannon entropy @ Simpson #]
TE o8t A= W F thddE ok 2 Xyet

Table 1. Summary of ITS2 sequencing reads and processed reads ZHW Al3E ARG 3He HY o1} YKJ A Z2oAE= A
for downstream analysis

Raw read Trimmed read Table 2. Alpha diversity indices of acacia honey samples
Sample %
Count Length Count Length Observed ASVs Shannon entropy Simpson

XY1 274382 82,588982 244,054 63,569,626 7697 XY1 304 494 091
XY2 228,246 68,702,046 201296 52,660,565 76.65 XY2 221 4.81 0.90
XY3 215036 64,725,836 190,004 48,264,404 74.54 XY3 191 437 0.86
YKIJ1 177,796 56,889,000 149,610 35294302 62.04 YKIJ1 87 2.54 0.54
YKI2 226808 62,045,732 168,664 40,710,244 65.61 YKI2 73 248 0.53
YKJ3 202,368 59,110,982 160,310 38,869,750 65.76 YKIJ3 97 2.07 044
ZHW1 189,000 53,516,596 159,522 38473981 71.89 ZHW1 120 4.80 0.92
ZHW?2 206,132 68269208 210,646 50,550464 74.05 ZHW2 133 5.05 0.94
ZHW3 196,382 60,912,768 175996 43,169,106 70.87 ZHW3 131 5.03 0.94
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W Celastrus orbiculatus W Eukaryota sp W Toxicodendron trchocarpum W Actinidia arguta Others (<1%)

Fig. 1. Bar plot illustrating the relative abundance of the top 30 plant species. DNA extracted from acacia honey samples (n =3) was amplified
using the ITS2 marker and analyzed by NGS. The bar plot presents the relative abundance of the top 30 detected plant species. Each color
represents a distinct plant species, and the relative abundance was determined based on the proportion of quality-filtered reads assigned to each
taxon.
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Fig. 2. Heatmap of the top 30 plant species identified in Robinia honey samples. A heatmap was generated to display the relative abun-
dance of the top 30 plant species detected in Robinia honey samples (n = 3) using the ITS2 marker. Columns represent individual plant spe-
cies, and rows indicate technical replicates of the honey samples. The color intensity corresponds to the relative abundance of each species.
Hierarchical clustering based on Bray-Curtis dissimilarity and Ward’s linkage method was applied to examine species composition patterns

across samples.
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Fig. 4. Venn diagram comparing plant species identified through
ITS2 barcode analysis. A Venn diagram was used to compare the
02 T T T T T T top 30 identified plant species among three Korean Robinia honey
S R, - 82°ﬂ'f) &2 0 e samples. Each circle represents a specific honey sample, with over-

Fig. 3. Principal coordinates analysis (PCoA) plot based on weight-
ed UniFrac distances. PCoA was conducted to assess beta diversity
among three types of Korean Robinia honey samples, using weight-
ed UniFrac distances. Each point represents a technical replicate
(n=3), with distinct colors indicating different honey types. This

lapping regions indicating shared taxa, while non-overlapping sec-
tions highlight species unique to a single sample. This visualization
provides insights into the floral composition and diversity of Korean
Robinia honey.

analysis visualizes compositional differences among honey samples Robinia pseudoacacia (25.4%)7F 2 A& To=2 2l
by incorporating phylogenetic relationships and relative abundances 519101, YK Al 2IAE Rosa sp. (74.1% )7]_ N o

of plant taxa.

A ZR LS B ZHW A 2oAE Vicia villosa
(16.8%)2} Rosa spp. (16.9%)7} A vl-&2 HEE
CH(Figs. 1,2).

T3 7 A= F AR F 2 AR AtolE Brtet

3. ZDNAZ4S 821 48 24 31l 7] 913l weighted UniFrac distanceS ©]-8-5}9] Principal
ITS2 IHAE 7|¥te 2 A2 Y Alg 22 2A4% 2 Coordinates Analysis (PCoA) plot 2{4Jst3ith 24 2
T 7391 30700 AE Fol AU NE AlmEE 4 T 3709 AL o AoRE Alms A= vhE 2 X
HEW, XY ARANAE Chelidonium majus (29.9%)2F £ Hth(Fig. 3). XY} YKI Al Bl A= A7 Eo]7] 4]
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Aw|Z] eokot, ZHW Al 2ol A& 3712 E4
Zo| ZAL Q). F7HH o7 HE A 7oA FEA
FAHE AE T2 18%F0]9eH, XY} YKI A=
EAetE 2 15, XY ZHW A= oA Tt gl
L, YKI® ZHW Al =m0l ATh 3402 HEH
Zo]3Uth(Fig. 4).

o 2 fu nfo o\

h

Mo o > |0 > md
ol

~
O

i

HAEO| 91 e I/ T 7IX 2 Uk AR, E
of Z3tH S-S A5t FejH o2 BEAst=
Holm, B4, Zo| gfalal = EA RMES HES
L g5t EAroltt, SHESHS 7|Hto 2 Sk JEf
BAe oy 748 HAE Belnt 34, B2 AE F
I HE-S Yol sk ofal, 4, uhgolu ¥ (&
% Sl 25t sHi o]F o & Qg B4 s o] EAute
2 ol o] EA A QoA A4t= Aokl ©g57] o
ok A, Fefd BAHe SHE E4vte] FYe
A o] A o)&Eoh= 540l Uth(Bruni et al., 2015;

Chaven et al., 2022; Pathiraja et al., 2023; Letsiou et al.,
2024). ], EO| 3}etA FA2 A4t 2199 718 EGF
27,7k 2 A Ao 9 T2 4 e, Aol
2} EE HAEo] o]t (Saravanan et al., 2019). £9],
JE =do] Bl AAH o2 EAol= RFET FAL
735 ol A5 fleiAE ALk o] 74 7|Ro] &
=Ith(Chaven et al., 2022). ©]2]3t BAIS Hs5H7] 9
A 283 DNA HEHHIE Y A o] Y gle
, TheFRE Al 4kz] whd Aol A /-840 U5

SITh(Miller, 2007; Nehal et al., 2021; Smith et al., 2021;
Dawan and Ahn, 2022; Milla et al., 2023; Lanubile et al.,
2024). | =°f of2fgt 7|Ho] 9 Q1F A Yitx] &
Aol Ad52 0= 2851 Jlet. A4 DNA HEHHE Y
A0 EgE= T2 FAZFE = 16S rRNA, tmL, rbel,

oo 1 oueb v &

matK, trnH-psbA, ITS, ITS2, cytochrome c oxidase subunit
1(coln s°] e, Fof tiet ATk o5 FHAt
7b &85 A7 R1E Uk (Bruni er al., 2015; Laha
et al.,2017; Saravanan et al., 2019; Chavan et al., 2022;
Letsiou et al., 2024). 2 Ao A= o]F v}A F ITS2
£ i or AdS Fskanh. 24 A, XY AlmoflA

= Robinia pseudoacacia (CPFAUR) 5470 FHE

7} 25 4% 2 =4O, YKI A 2 AE Rose spp. (F11%)
AR} 74%0] FHES HATH T ZHW Al 2] A
= Rose spp. (81127t 16.9%, Vicia villosa (HA], Hairy
vetch) F427} 16.8% 2 AEEF 01, 5 of7tAl o}
TolAgt Al 2t AE F o] Aolds &
g & AT (Figs. 1, 2). 722 ZHW A2 o)A
A2 ol 491 3059 AE F 2780 FEEUL,
Y 9 YKJ A=A 22t 23%0] T = et wErHt
FPEAS 5ol @2 2E EHE & T oS
Shannon entropy2} Simpson A|<=2 WEHHATH (Nagendra,
2002). Shannon entropy %+ 44 A E= =S5 of
Fdol A1 FEaE thef/do] A= sfAlo] 7Hstt
XY= 4.71£0.29, YKJ= 2.36+0.26, ZHW+ 4.96%0.14
2 UER} o]5 Afolof A ZHWOIA & ttFAo] =&
& = AW HHH YKIE XY ZHWETE S thokA
= Ve E3F F9o v & UEhdle e A &S]
Simpson A= o $HEE TAHOE He /dos
ol 245 54 Fol AR Uetl= A= d2A
St} Simpson A2 THd-E HekS o ZHW (0.93+
0.0k XY (0.89£0.03)= &2 471 Bl F=°] FhA
° g2 oM E2ITHL & 4= 9101 YKI (0.50+£0.06)
£ FHE0] U vE T dF EARES & 5 Ul
(Table 2). 53], ZHW A= ATt SAHH 359 A& F
2 ol A=l 4 A S EFE 4 e v SEE

nr re

=

4

d

O

E
g8E 7MsAS Bt E A7 E ES DNA BES &
L3t & Q15 ®Wo] 7|E9] BEAHI AT HAH o R X
|2 5 S Ilst oy, AFEE =ol7] flelA
= Hop @2 & A5ot opeFst 2 {421 dlojE SR
7 HQsS & 4 Q)i go 2 x&A el g1z} 7)Ht
248 Fo) 5AE AE Fo| olelol A8 TEe},
o5 7|9 354 Wl 3lohd BT} slisto] 2hg-
Sto g Eo] o]y F7 9 iz HE 9t 54
2] 72 o] 8E £ Q13 71 o7 WHTt o] X ¥ DNA
P & ggoto] A2 AEF 7Y B2 B
Y ATl A9 g oS mtetdd 4= Qlo] 7]
o AefA et W A 839t ARE A|F5)
= A} R E A QIck (Lucek ef al., 2019; Jone ef al.,

2021; Milla, et al., 2021; Woodcock et al., 2022; Ullah et
al., 2024). ool et A E 7| F S} oFE Atg ol
m)A)E Gake Brhs et el 7ol 4 9]
S 7o g 7"},
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