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RNA virustransmission and epidemic potential among six wild
bee species from identical habitat conditions
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Abstract [Aim] The spillover of new pathogens, potentially as a result of the co-occurrence of viruses in wild bees and
honeybees, is a significant factor contributing to the decline in breeding bee colonies. The continuous expansion in the scale

and scope of the beekeeping industry may also pose a threat to the health of wild bee pollinators in China. In this study, we
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conducted a survey on the infection status of bee RNA virus disease across six wild bee species in Xishuangbanna, a region of
China known for its rich diversity in bee species. The data obtained from this research will enhance our understanding of RNA
virus infections in wild bee species in this tropical region and aid in the protection of local pollinator species. [Methods]
Five honeybee viruses, including Black queen cell virus (BQCV), Sacbrood bee virus (SBV), Chronic bee paralysis virus
(CBPV), SBV, and Israel acute paralysis virus (IAPV) were investigated in six wild pollinating bee species from
Xishuangbanna, including four species of stingless bees (Tetragonula pagdeni, Lepidotrigona flavibasis, Tetragonula laeviceps,
Lepidotrigona terminata), and two species of honeybee (Apis dosata, Apis florea). [Results] Black queen cell virus (BQCV)
was found to be the most prevalent virus (56.7%), followed by SBV (53.3%), CBPV (44.4%) SBV (38.9%), and IAPV (25.6%).
Multiple virus co-infections were identified across all six bee species, with SBV detected and quantified in each. The results
showed that the prevalence of SBV was highest in Apis florea and lowest in Apis dorsata. Amino acid sequence analysis of the
Lp region from different SBV strains between the six bee hosts showed a high level of diversity compared to the original host
(Apis mellifera) virus strain. The amino acid sequences from Apis florea, Lepidotrigona flavibasis, and Lepidotrigona
terminata showed a high degree of similarity to the variant strain, which could be a novel sequence. [Conclusion] This
research contributes valuable insights into the distribution of bee virus hosts, driven by the continuous expansion of the
breeding range of introduced honeybee species (Apis mellifera). The emergence of new pathogens in A. mellifera could pose a
threat to important local pollinators.

Key words RT-qPCR; same habitat conditions; local wild honeybee species; bee RNA virus; transmission and epidemic
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Tablel Fluorescent quantitative PCR primers of five honeybee viruses

EIR/ER S S19FE) (5-3") PP E (bp) 275 3CHik
Primer name Primer sequence Product length (bp) References
DWV-F TCATCCGTAGAAAGCCGAGT 121 FLrhpZ, 2022
DWV-R TGTGGTGTAGTAAGCGTCGT
SBV-F1 ATGCGGTGGCTATGCGAGTAAATC 86 TEHMEE 2023
SBV-R1 CAACGTAGTGCGAGGCTCATCAG
SBV-F2 CAAGAACGTCCACTACACCGA 248
SBV-R2 GCTGTGTAGCGTCCCCCTGAATAGATT
BQCV-F ATAGTGGCGGAGATGTATGC 133 ZEpEAR 2012
BQCV-R GAGTAGTAGGAGCGACTTCAC
CBPV-F ACCGAATCTGATTATTGTGAAGCC 73 BRARAE | 2022
CBPV-R GCTCGCAAATGGCGTTAGA
IAPV-F ACTAGTGGACGAAGCGAGTT 127 RERZSE ) 2021
IAPV-R TGTACTGGGCAGTTACAGCA

D BEEESH ST (N=15), JUr s SN AR A bk

21 6MEEEAR RNA FEHMAERHE
AREBFFEH) 6 DNIERFREAEA B R 15

3 AhEEEREE Y, DWV BRI
73%, H¥k K SBV Hl IAPV ¥Jik N 60%, BQCV
FI CBPV KAt BESUTCH M AE AT 5 i i
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JRYL R, N 66.7%; VG TCHEERR DWV %
Kok, HAth 4 FhEwe RNA SRR,

CBPV 1 BQCV ki H #4535 100%F1 73.3%;
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SBV 1 20%. [RIA:35 T MR e REAE G 1 3 F
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Table2 Prevalence of five bee virusin wild bees (percentage of positive samples)

e i AR (% ) Virus detection rate (%)

Bee species DwWV SBV BQCV CBPV IAPV
Mg T Tetragonula pagdeni 73.3 60.0 0.0 0.0 60.0
TETCH| ¥ Lepidotrigona flavibasis 66.7 11.1 26.7 20.0 20.0
YR JC % Tetragonula laeviceps 0.0 333 73.3 100.0 26.7
TiJC il % Lepidotrigona terminata 26.7 20.0 46.6 35.0 333
K# ¥ Apisdorsata 60.0 80.0 100.0 0.0 0.0
/NE ¥ Apisflorea 6.7 33.3 33.3 33.3 13.3

DWV . 5358 Deformed wing virus; SBV: #EIR4 HURHE Sacbrood bee virus; BQCV: S ¥k T 5% #; Black queen cell
CBPV: 182 W BRFE T Chronic bee paralysis virus; IAPV: LIFKERTE Israeli acute paralysis virus.

R3 CMHEBEHANSHEREER

Table3 Percentage of virus co-infection in six wild bee species

e i Ra

Virus;

A BYLR 580 E Number of co-infected viruses

Bee species 4 (%) 3 (%) 2 (%)
S JC 4% Tetragonula pagdeni — 26.7 40.0
HEAJCHE  Lepidotrigona flavibasis — 26.7 20.0
Jt & Jo i Tetragonula laeviceps 6.7 333 46.7
TRJCHI Lepidotrigona terminata 6.7 13.3 40.0
K% ¥ Apisdorsata — 60.0 26.7
/NEEHE Apisflorea 20.0 13.3 —

e I e R A RIS R L 3 RhEE e (DWV. SBV Fl IAPV ) B LLIZE K 26.7%, O HIMREAS 5 Flras i 2524
ikl (DWV, SBV., BQCV. CBPV HlIAPV ), {H[F]—HEA R4S H 3 B EEAY LLBISN 26.7%, 62 TCHEFE 4 [R]
WK 4 AP EE (SBV., BQCV ., CBPV HIl IAPV ) B LR 6.7%, T HiEREAR 5 FhZ5 MR H (DWV ., SBV,
BQCV. CBPV Ml IAPV ), {H[A] —FEA GBI KL 4 Fm a0 HL Bl 6.7%, KRB IER/NE WEREAS 5 i 15 S 35 Bl Hh
(DWV. SBV., BQCV. CBPV Ml IAPV ), HIR&EYeHRMm T Mg,

The three viruses detection rate of Tetragonula pagdeni and Lepidotrigona flavibasis is 26.7% in single sample. The four

viruses detection rate of Tetragonula laeviceps and Lepidotrigona terminata is 6.7% in single sample. Both A. dorsata and A.
florea samples were detected five viruses and the mixed infection rate is higher than other five stingless bees species.

2.2 6FhEFAMEE 2 fMAFEMELR SBY RE ZRMWSHT VURURIHLIX A 6 FhEFA SEFEA
ETERESEBRFIEREST SBV #i AT AN, IS PAAHIX A

T 37 8 b —— P4 05 B e AR O S R Y

221 6 FIEMEEAR SBY FEEE=RNK
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B 1 6MEFAEEM 2 MAFER THEFEARK SBY ENEERESH
Fig.1 SBV copy quantity difference among six wild bee and two domestic bees
R EARA AR FRER R 2 7 % (P<0.05, FEZRIT 25047 ),
AR F R R 2 RA R E (P>0.05, FEZREI 25047 ).

Different letters above bars indicate significant difference (P<0.05, one-way ANOVA),
while the same letters indicate no significant difference (P>0.05, one-way ANOVA). The same below.
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ETCH% Lepidotrigona flavibasis

66 M TR Tetragonula pagdeni
TRTCHI ¥ Lepidotrigona terminata
e 40 St/ TR Tetragonula laeviceps
43 52
64
69
100
44 100
55
64
64 100
56
100 MF 150115.1
[ ] Foiig Stingless bee [l P4l 254 Apis mellifera FRITEE Y Apis cerana
KB W Apis dorsata Bl /NEWE Apis florea
B2 sFfFFiEF SBY EHAZHLXER
Fig. 2 Evolutionary relationships of SBV taxa
| [ nl lun = |
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M TCH|% Tetragonula pagdenit WNVRRAVS 1 KTAEGTI vwnxvn TSYSCKVASELAAKSILY FAGPI RT SDEVPS KESI QGDAT

R4 HEEE RS SBV sequence 1 WNVRRAVSI KTAEGTI VWRKVI TSYSCKVASELAAKS I LVQFA('PI RTQS DEVPS KESI QGDATQ

B3 6MEF4lE SBY FRESAATEEHNIEIRFJIXIL

Fig. 3 Comparison of amino acid sequences of SBV fragments of six wild bees
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