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m The ectoparasitic mite Varroa destructor, which parasitizes honeybee fat body and transmits
lethal viruses, is a major cause of overwinter colony losses. In addition to chemical treatment
and management practices, the development of Varroa-resistant honeybee strains provides a
sustainable strategy for effective control. To provide a foundation for resistance breeding, we
investigated the expression of candidate resistance-related genes in honeybee strains, based
on previous studies, The genes TANCZ and baz showed no significant expression differences
between Varroa-free and infected pre-pupae but were upregulated in infected pupae. Com-
parative analysis across five honeybee strains (A, C, D, F, V] revealed that strains D and V
exhibited significantly higher expression of Alh and hormone receptor 78, both associated with
Varroa-resistance. Furthermore, analysis of nine Varroa-sensitive hygiene (VSH) genes and two
olfactory genes in brain tissue revealed strain-specific variation, although consistent expression
patterns were not evident across all genes. These findings demonstrate differential expression
of Varroa-resistance related genes among honeybee strains and provide baseline information
that may support the development of Varroa-resistant honeybee strains.
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N B B YU APtuet gAYl k] S1EL
7}okal QItH(Kim and Lee, 2022; Minaud e al., 2024). 2
FEE (Apis melliferay HE sheoiAE Fo) 4 FHAE 7R aQle] obd o 7hA] aQlSel S
F /\)j/l]-oﬂ 7Z|oJ5h HE 2gAe] a2 EgA 59| oF o7 z2-85to] dodth(Highfield er al., 2009; Desai
HAMES gArsH= A AA A 02 of$ Z Q35 =0 and Currie, 2016; Requier et al., 2019; Insolia et al., 2022).

1—4'(Jung, 2008; Ruttner, 2013; Yoon et al., 2021; Minaud et T2 80w EH 74 SRt AUt (Cox-Foster
al., 2024). FZ A AAZCRE dojup= dSHAtz < et al., 2007; Guzmén-Novoa et al., 2010; Kim, 2022). &
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Y, 22, 0|8 E,

OhZH| IE, 2|8, HSH

714 FollRe WR7184Q 7128l (Acarapis
woodi), Y1F71487321 EEB-SM (Varroa destructor)$t %
S 7FASM (Tropilaelaps mercedesae)& T2 4= QI
Syt s BH-SN (V. destructor)2}t S=17FA-S-O (T.
mercedesae)®] To7t A5t 71230 (A. woodi) =
Az f-2upatoll A EA7F FRIEZ] EFTH(Choi et al.,
2014; Kim et al., 2019). BH-gl= 7| 5FE &4
(A. cerana)yS 71532 AQLoL, oFEEHo] EYUE L F
T MAA T BATE S HEA FeedR 75 g
H 5 A MAIZ 4L ok (Rinderer et al., 2001; Traynor
et al., 2020; van Alphen and Fernhout, 2020; Grindrod
and Martin, 2023). °]E°] B ZA=H 4= A4t
3 Aol W AW w7, B Aot 5o wAE oI
T} (Shimanuki et al., 1994; Chen et al., 2006; Choi et al.,
2014; Roth ef al., 2020). E=7FA]-&l (T. mercedesae)+
Delfinado®}t Baker®l| 25l 1961 Hx 2 H 1% om
ZH-LN (V. destructor) Bt B0l e msiE 4d
2= 1tt(Burgett and Akratanakul, 1983; Choi ez al., 2014;
Kang et al., 2024; Oh et al., 2024). =7 A-of e}t &
HSoj = Edof XAl G i E-FHEo] - A (deformed
wing virus; DWV), 4 E A 0lu[Hlo] 21 A (acute bee
paralysis virus) 9 o]AtAF/JutaHto] 2 A (israeli
oi7i gkt (Govan et al., 2000;
Gisder et al., 2009; Chen et al., 2014). ZH-gofj= 24
ol W A5 JAF oM ol A5 FAof Tt
HAH o= 7los) B Aduite] &= vt (Bailey
et al., 1963; Lanzi et al., 2006; Berthoud, 2010; Weaver et
al.,2021). o]of -2t A EAgsh= dFwAre] = ¢
Qlo 2 EH-Sof7}t A EE]ITH(Kim, 2022; Truong et al.,
2022). BHGNE I3t AEHAL g oz A
A7F AxEA o, T S A7 A3 EFEHY
O] E (fluvalinate)?} o} E2t* (amitraz) 53 22 SISt
2 FAA AFEe 7H= BE-gol Aol HArE gl
ThH(Kim and Lee, 2022; Lee et al., 2023, 2025).
=H-SNF BACIA oFet4 ofAle] axprt HAt Al
ol wet -8 A FF ML A7} o] Fof x|
et EH9] Zolf 232 45 L9 Varroa-sensitive
hygiene (VSH)®l 2|3t 35 23 dxt A 7] ol A {22}
T 242 Fofl Aol ti-gote A4 Aoz +
—E—%T/]’(Navajas et al.,2008; Le Conte et al., 2011; Conlon

. . = o
acute paralysis virus) 5=
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Z S-S AL 9 F A E
Q5. Biichler ef al. (2020)
T 5= Tt EESN A

5lQa 3 /qm-oz‘s_o_i 7H

AN7F BA1E ¢ O (Danka et al., 2016; O’Shea-
Wheller et al., 2022), & &5 FE73A £ 7145 4
-85t F1 Aol A et A/ Holtzte A& A
FLE 11 540] ofelEes s 7 /AR 4
Foll A BE-Gol A3 7122 olsfisty] fi7t ohafet A
T7F R E I SAE Hlko] Aol Hol= =dA
Fo] HAA BA-E S5l A (defensin, hymenoptaecin),

SZy @ ANA7) 5 (odorant receptors, neuroligin, GABA

RS

2~ 0]l 0 o
_’_/V]\DE

receptor), V& X4 (myosin 20, ataxin-2) A
o] 2p5 Wdo] BE-Zol AP Ao
ﬁ‘:]'(Navajas et al.,2008; Le Conte et al., 2011; Boutin et
al., 2015). ol 4H Al ERO| A7t 3EAHYE ol
wtet A5 WA == neurexin-1 (AmNrx1), poly-U binding
factor 68, cytochrome P450 2] -+ 5 AmNrxl-S &
AT 71 Ao AvE 2B {FHARE HEG]
T (Hamiduzzaman et al., 2017). BH 2] YAPF2 114
HH71 970 A7 (uncapping) 2t A=Y F2 75 E
£ HAdI7]1E AA (removal)ot= F M2 G 7% 41}01
olsf) A=t A F th(Rothenbuhler, 1964). 53 &
oA uncapping@t removalS A2 ThE FHFA &
7129 (quantitative trait loci; QTL)®] 2J5l] E2] 4=
= FAF Aol 2IE] Atk (Lapidge ef al., 2002). Oxley

=

et al. (2010)< hygiene (Hygl, Hyg2, Hyg3), uncapping
(Uncapl, Uncap?), Z12]31 removal 1 (Rem1)2] 67 QTL
Foo] S YE HAE At vH-s L AIG (task threshold)
o JeFe Frim Hustch. A4 BEge) 434 7]

2g FYal] 1) AT Qe Tk AFE v
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1. SAE S A= xHF

Aol g3t FEEH (A, mellifera)yS BHYATA
2|82 (MR T Bori 9=, GPS: 35.591300,
[e]

N oo

Of

126.279048)°N14] ] 52l EH-E ARE-sHlct. EE-gof
74 5ol 2§12 Hdl A viAlE FREEe
Ag3 P ek Aol 37 B AHEsHh &
9 Alge 7t Bgo 2R 3utey fhHs g eH oE
33] REESHAT Alms $Ha dHEa Yieo] A5k
ok #1171 Q7HE Al At B o =R Y H-8RF
tl712 &35 5§ |eto & shelsto] Loff 7k ]zt

o
=
Baailnt. 28 B T 24x%b0] AuE 186
S

of

N

o
= |
3] 7= S
-5 RNA 220 ARS-5H T

BHGN A A FH2 242 Sl AMgE 2
TR BE YEH T (Table 1). 4 A2 AF
A 278+, C, D 38+, V 15w A& B A
= H HA nh & i Ao ojdo] Afm At
o A2 RE Rt ARt A skt 4 HH7=
A Adudt Wedi= Qs 48 A5 4 5
S wHE 98t F 79 o] Axet WYE 10mke] 4 32
HEAY o] 7Feste s ARSI AS52 HEE diF
¢t F HxATS sl Be i 2 e §
of Al aYsteich. s R EH 9] = Leica microscope
MSV266 (Leica, Wetzlar, Germany)= 24215131 0
Tucsen Mosaic 2.2.1 Software (Tucsen, Fuzhou, Fujian
Province, China)S AFE5] st AFE Alure &
A] RNA 225 I AR&= 31Tt

Table 1. Strains of honeybees (Apis mellifera) used in this study

Code Strain Species Origin
KE301001 A A.m. ligustica Australia
KE301002 C A.m. ligustica China
KE301003 D A.m. carpathica China
KE301004 F A.m. ligustica America
KE301005 \% A.m. carnica Europe

2. RNA 22| % cDNA &4

e A 2 2EE TRIzol® Reagent (Invitrogen, Carls-
bad, CA, USA) AleF& Abgsto] AlxdA9] 213 of ot
2t & RNAS 225ttt 2% RNAS] & 3 <=
L= VivaSpec Spectrophotometer (Sartorius, Gottingen,
Germany)S AHE-3l 45T} ©]F cDNA 42 3l
RNA to cDNA EcoDryTM Premix (Oligo dT) (TaKaRa Bio,
Shiga, Japan)€t @7 1 ug®] RNAE AHE-5HITH PCR &
21 42°C; 1A17E,70°C; 10202 S-Pokct.

3. HAZt EE A AYEtE (quantitative
polymerase chain reaction; qPCR)

At fAz o] the mRNA e 52 XA §
3] gPCR= =35 T qPCR QuantStudio™ 5 Real-
Time PCR System (Thermo Fisher Scientific, Madison,
WI, USA)E A&l =33 =3It qPCR BH§-2 TOPreal™
SYBR Green qPCR PreMIX (Enzynomics Inc, Daejeon,
Republic of Korea)2} 97| 80 ng2] cDNAL} 5 pmol 2]
gto|H S Agste] HFA o= 20 uL 8F 2= U35t
ok Hx FHARE acting AHESHATE A A
F Z2to]m = Table 201 FEFHGITE. qPCR- 50°C; 242,
95°C; 1029] hold stage, 95°C; 15%, 60°C; 122 PCR
stage’E 402] HHE & w29k O = 95°C; 15X, 60°C; 142,

95°C; 1'22] melt curve stage= 5=Jo}A Tt

199



00¢

/410 @aq eudnol//:dny

Table 2. Characteristics and sequences of the primers used in the qPCR analysis

Characteristics Gene name Primer sequence Tm GC Amplicon size Reference of
(GenBank Acc. no.) 5'—3) °C) (%) (bp) source
TANC2 F; TCACACCGATATTCTCATCAAAGG 65.8 417 "o
Responding to (XR_001705692) R; CTTGTCATTCTTGTTCTCCGATTG 65.6 417
Varroa infection baz F; ATTGGATGTATTCGATGTCAA 59.3 333 "o
(XM_016915810) R; GCAGTATAATTACTAATTA 408 21.1 Navajas
Alh F; ACTTGTGGTAATGCTGGCTGAC 652 50.0 12 et al., 2008
(XM_016913413) R; AACGAACGAAGGAAAGGAATAACG 66.8 417
Varroa-resistance
Hormone receptor 78 F; TGACGAAGTTTAGTTGCTGCTATG 642 417 107
(XM_392769) R; TGTTGTTCCCTATGATCTCTGTCC 65.1 458
gg;;“"t binding protein F; TCATCTATTCTCTCGCCCTC 60.9 50.0 138 Oxley
R; CGGTTCGTTTACCAGGTTC 62.0 52.6 et al.,2010
Olfaction (NM_001011590)
Octopamine receptor F; CAGCCAATTGTGTCCAACC 64.1 52.6 133 This stud
(NM_001011565) R; TCTTCCCCATCTTCATCACC 63.9 50.0 y
Myosin 20 F; GAAGGTTCAGCACAAGCAG 613 52.6 "o
(XM_026443129) R; GAAATCGGAAGCGTCGTAG 623 52.6
Syntrophin-like 1 F; TCCCCGACTCCTCTTTGGAG 6.7 60.0 "
(XM_006564488) R; CCAGCTCAATCTCGCCATCC 69.2 60.0
Upregulation in
hygienic bees Cuticular protein 5 F; TCAGAAAGACCCTAGCATCAC 60.9 47.6 270 Boutin
(NM_001270821) R; AGACCAACACCGAGACCTAC 60.6 55.0 ctal. 2015
cAMP-dependent protein
Varroa-sensitive Cinase 1 (’;ka_ pa )p F; TCTCATTTCGGATCCGAT 60.6 44 4 138
hygiene (XM. 393285 R; GGCTATCCAATCGGTACTG 59.6 52.6
(VSH) -
Odorant binding protein 4 F; AGTCTGGAACTCGAGAAC 53.9 50.0 131
(NM_001011589) R; CAAAGCGCAATCGATATAT 57.8 36.8
Arrestin 2 F; CTTGTAAGAGGACGTAAATTGCCTA 632 400 18
(XM_623181) R; TGAGCATTAACCATTGTCACC 624 429
o ﬁ”:’li';mveze”g’h sensiitve F; GTTCTCTCTCGGATGGACTA 584 50.0 153
Upregulation in (fﬁv{ 001011639) R; GGGACGAAGTAAACCCAAAT 615 45.0
non-hygienic bees — Le Conte
Antennal dehydrogenase F; CAATTTAGAAGATTGGCGCTC 625 429 161 etal., 2011
(XM_624031) R; TCCAGGTATGAAAGGCACTC 61.7 50.0
g;g;’s’i;{l”i’o 0121;3” F; AGGAAGGCGAACTATCAAAAC 61.0 429 120
(NM_ 001040235) R; CTACAATCACAACAGCAACAAC 59.8 409
Reference sene Actin F; CGAAAGATTCCGTTGTCCCG 68.6 55.0 147 This stud
& (NM_001185146) R; CCAGAAAGGACAGTGTTGGC 64.7 55.0 Y
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Fig. 1. Relative mRNA expression levels of genes responding to Varroa-infection. (a) Drone pre-pupa, (b) Drone pupa, (c) Worker pupa.
Statistical significance was determined in a t-test. (P <0.05). NS; non-significant, *P <0.05, **P<0.01.
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Fig. 2. Relative mRNA expression levels of Varroa-resistance related genes between different strains of honeybees. (a) Alh, (b) Hormone
receptor 78. Different letters indicate significant differences. One-Way ANOVA following Tukey’s HSD (P <0.05).

\Y4 (Genetic line) A C D F v (Genetic line)

ANOVA testE T85F31.2™ ©]F Tukey’s HSDE 9] Soff 744 7| TANC22] T F71E gl e
& AT WEo1A] = 7% Kruskal-Wallis test Y baz= FORIEH HE 2tolE Holz] getth(Fig. 1c).
£ 35190 H 15 Dunn’s testS S oS HA Boot et al.(1992)9] o] w2 4 o] 79 A7) &
Sttt 7H7t Fol7] 40~50A17F A, L9 - 15~20A17F o

2 B30 Yo Aol thrhe o] Wzt of

= o] ddHET o e 77F ElH-Zolo] JlelE i

23} 9 DA
=4 x == 0= S oot e d Ho7|7F B A
Aoz ot IraFd2 3ol A & 7l Aol =of

Ho( o] HI28H=

- E: X . ‘Z"‘L’Z"’ destructor) BN HEDHE AGAR T Wge Bl Ao WAL TANC2E
A% A 24 Z ] (Drosophila melanogaster)oﬂ/\‘1 WA €G95207%
TANC28} baz +737= B0 7Hd "id7]o A T & AFE GAAE B 159tk (Navajas ef al., 2008). CG9520
o] Z7tote Aoz A F Tth(Navajas e al., 2008). 3 2 zut2]o| A GalNAco-Ser/Thr (Tn O 2HE T

AR5 He 7oA dd 7ol WhE & 329 Hof ol Tolst= Aoz LA glom A73A 4
AZ v A A8RFolM= S T Al EE I FAN o] x4 o fjo} o] oSttt (Yoshida et
=o] F7lot= AFE Hou TAHSRE {93t 2fo] al.,2008). G FA2F2] EAHO = vjof Z|Akel EA]
+ WERA] 9hShtth(Fig. 1a). HE| 7] A Sl 4 Al F 2O A 9 AFA Pl S ettt (Yoshida et al.,

F-Hzte] Wrdo] 27 S7F5E T (Fig. 1b). €Ee] H-¢ 2008; Zhang and Ten Hagen, 2019). baz T+ Z1tz] o] &
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,Ot2E| m|E], 2|22, =g

rooc&

Nt = 22 Y IOl A notch AT AY 9 1o ot
& AL Adste] FpAolehs Aol WK (Wu et al.,
2024). BEZ A9 EE WS FaAd E
ofyzt pwvel Mg S7HE oFIRtH (Martin et al.,
2012; Ryabov et al., 2014; Weaver et al., 2021). DWVE=
5 T HH7] A17] @719 7] @Al woishe /At
o] Iddof WS Ao 7|HA 7YS =T (Gisder
et al., 2009; Ryabov et al., 2014). Zo}g oA &% 7|5
T EHZO] FE A Bl e 1HPS wl DWV
of ozt wjopdrd AsiE ¢hatstr] flet EE e o 7]
ko 2 il 210 &2 whekE

2. BY 20 (Varroa destructor) M&d Hzt
sH

1% 24

L

Navajas et al. (2008)< &H-g A4 FZNA Anst
Hormone receptor 78 (Hr78)2] W@ o] Az dHchyl vf
Fom, ZF AlFE 5ol A 7€ A=
of A9 HH7|of|A s FHAS] A FA
Aot F AR BE fARN I e
Q5T (Fig. 2). Alh'= D, VAIE©] THE Al
e W oA =2 aElr dHE
AT (Fig. 2a). Hr78 9] D, VAIES] Tdo]
A= frol/do] SR1EA] b3ttt (Fig. 2b). T
gene ontology (GO)°ll =W AlhSt Hr78-2 DNA 23 7]
52 7HAE Ao g2 BIEITH(Navajas ef al., 2008). %
ut2]of| A Alhe= polycomb group-responsive element (PRE)
of Agtell iz Tde 2Hsh= Azntd 2H2tz 7]
551, PREx= Z3tejoflA WY gl dhg G2 24 of
T oSttt (Perrin and Dura, 2004; Kassis and Brown,
2014). Hr78-2 Z1t2] o)A ecdysone A3 e} A5 2H-8-5t
S 2H vkt 229 2 Wd-S 2 HRITE Ecdysone
S 2o g aRog 7)ed B ohet Adde 1}
4 W ABAEE] FA 2ol £E5HE notch A1 27
25 A5t FHAte] W oIttt (Regan ef al.,
2013; Tan et al., 2014; Xiong et al., 2016; Marxreiter and
Thummel, 2018). Weaver et al. (2021)< -&off A3 2
WA B8 o fAA AR ApolE Hushyt A
P BHO| A D 2EH A LEH § PHfol A
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RS I
whgat Aok AEEA W S, 4174 B B B 407
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1mm

Fig. 3. Dissected honeybee brain. Mushroom bodies (MB), central
body (CB), antennal lobes (AL), optical lobes (OL), and subesoph-
ageal ganglion (SEG) indicated. Scale bar, 1 mm.
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o] @ o] §45] FLEE STt Conlon et al. (2019)-> &'
7oA £ f7te] dddo] EE-gofjo] AAS
Sisto] A 5o Toltith= 2 HAlth Ed-8ol
+ ecdysteroidE AAF o= P2 Foff &< 2
ZRE oJEZ 07 FESIY vitellogenesiss 7HAISHTE. ©]
T ecdysone A FA2e] W AL 7)< 7H A
AA ELAE doA Ed-golo] A4 s ettt
(Tewarson, 1982; Cabrera et al., 2015; Conlon et al., 2018;
Conlon et al., 2019). WA & Aol A HeQl s 734
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3. Varroa-sensitive hygiene (VSH) Xt 24

Aol ShA Ed 9] me], 745, ol A 22t VSH
Apo] - ZAFSFATH(Table 3). 71 B3 7] A2}
AstA wolA 0] =2 o= WA= AS
§Iste] o] VSH F-42k= siIFAT He 5= A
W80 W2 AT-S ARSI (Fig. 3). VSH 32k
37| 1 ES Hol= B (hygienic bee; HB)Y 914
Y52 oFA] &= & (non-hygienic bee; NHB)O| 4 Z+2}

H

W 3717k B A Yol BAsTt Hste]

b Je oft

N
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HBOA T S7P7F H e §42F 152 iAo s
AAENA B HA R = AFE Hol= 7Tl Myosin
20 (Myo20)2} Syntrophin-like 1 (Synl)= VAZOA =
0 2 AT DAES Myosin 209] Hrdo] 713
Fon, FAES o As S FoRIgt AfolE Kol
2] 9kQkTh(Fig. 4a, b). Myo203}t SynlS HEH 45 £=
HY7] AA P54 ABH QTLS removal 1 (Reml) I
oof] Z2A5l= fF-HArelth(Oxley et al., 2010; Boutin et
al., 2015). Myo20=t 22 Myosin - -2 dutE oz
45T PAE A= AR, Liao et al. (2024)2] A+
Axte] = I A Al 94 5] W=t
73k o] Tojst EHO A7 W AIZE A AHo] o
Al FQ73F 7]-5-& 71tk (Calébria ef al., 2011; Southey et
al.,2016). 2] A] Syni-2 417 FA7 AR 753
7R A7 AE 2 E w40 Aol AlAIH
A (Turner et al., 2013). =S HB2} NHB Atolof| HI1H
Syn19] T A7) th@ 4 (Single nucleotide polymorphism;
SNP)-> @7]AE o]z QIgt 3F 7|5 2teo|7t &
o] YT 2AL & Adtk= A2 HEPATH (Teixeira
et al., 2021). Cuticular protein 5 (CPR5)= DAElA 7}
& E=A AU, AAlESS ALt U 2] Alsat
= rou]gh Aol 5 ele 4= AT (Fig. 4c). Cuticular
protein FRTHMAZ MEZZH {2 7)5& 7= A
o5 dHA YA HLFO] KA 7HA] = 752 AA
AT} o] F )R A ARITY. Protein kinase A (PKA)=
Z 9] sk 9 7| of| Tofsh= WA mushroom body)
oA EolH o R THE O] cAMP-PKA 25 5ol B
o A7171s B4t o5 % 719 SroA ST
S 7t Miiller, 1998; Eisenhardt, 2006). ©]¥ <1
ToAlX cAMP-dependent protein kinase 1 (Pka-Cl)2 2=
Aol Froju|et & 2t & &1skA] £ O (Fig.
4d), Teixeira et al.(2021)2] AollA El HBL} NHB 7t
Pka-C1°] SNP Hl°]= sl #3027 2 sEo M
ou]gt 2ol 5 Holz] iRt H7IME Fx Holz <l
e 7154 ApolE I & e e Ytk

NHBOIA ¥d S7P7F Eid {302 252 tiAl = A,

C, DAIEOIA o] 7 st a2 H Tt (Fig. de-i).
Arrestin 2, odorant binding protein 4 (Obp4), L2 1 down-
syndrome cell adhesion molecule (Abscam)= VA5t FA|
SolA A FH == Ae How FAS O A5 0bp4
ol A2 A, C, DAY frol/dol /I oW arrestin 2
o} Abscam2 VAIST -FAFSH F TS B FATH(Fig. 4e, h
and 1). Antennal dehydrogenase (Antdh)<} long-wavelength
sensitive opsin 1 (Lopl)< DAIEOIA 7 =74 =3l
Tt (Fig. 4f, g). Arrestin 22} Lop1-2 A2t A1 50| FHofo,
arrestin 2= 7 AN TAE T 75 7t
Z‘JE}(Dolph et al., 1993; Mondragén et al., 2005; Walker
et al., 2008). Le Conte et al. (2011)°1A= A2 415 &
2F52] olgF 2ol tio) HB7F NHBE T B B2 A3t
oJF-& B oA BUHA 8B FS 435 wf
olgtal FZ3IATt Abscam A, CAEA ¥ &
B ATH(Fig. 4i). Abscam EJF Zu}2]o|A T2 50
ofstal FAF fke 752 7H= AlE g2 e
S 5Fskot (Hummel et al., 2003; Teixeira et al., 2021
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W& o] ZHASH} (Funada er al., 2007). 019t &2
G5} A5 577 Ao qHgetet &2t 719
o the Z& Helth NHBolA = &
Z] a4 9 s B S g
ﬂ?@‘—/]‘(Oxley et al.,2010; Le Conte et al., 2011; Boutin
etal.,2015). RE]|7] o] A|H 2 52y A=55 S3f) LEE]
ABBE= F5k= F2 A= LA At (Gramacho
and Spivak, 2003). 9148 ¥52] WL} HA] A2 &7}
ZF=ol gt 78 AAIGK (task threshold)oll 2JsiA] A7
Tf. HBeF NHB= Rhg fAIgol F319t 2ol & Helnt,
HB= $7 RIZE7} ot vl A W2 3] A=
w2 7| §H-8-5FZ] Tt (Masterman et al., 2001; Gramacho and
Spivak, 2003; Ivanova and Bienefeld, 2023), AR B
Me 9424 o2 NHBOA &2 ¥ RS EE 5
717} 2R1E] Q1. o]= HB7}F $2F Af=of| tisf Rizdstet
= 71 7P 3 A x]okA] ¢Fe ™| Le Conte et al.(2011)2]
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Fig. 4. Relative mRNA expression levels of Varroa-sensitive hygiene (VSH) genes between different strains of honeybees. (a) Myosin 20, (b)
syntrophin-like 1, (c) cuticular protein 5, (d) cAMP-dependent protein kinase 1, (e) arrestin 2, (f) antennal dehydrogenase, (g) long-wavelength
sensitive opsin 1, (h) odorant binding protein 4, (i) down syndrome cell adhesion molecule, (j) octopamine receptor, (k) odorant binding pro-
tein 1. Different letters indicate significant differences. Kruskal-Wallis following Dunn’s test (P <0.05).

A oln] Bar¥ v} 9l om HBo|A] Wdlo] Frtete ¥7t
T A2 GA] ZA St (Anholt er al., 2001; Dubnau et
al.,2003; Navajas et al., 2008).

A8 Aol A HB2F NHB Atolo] H o] Hd zjo]
7Y B H A Q= Octopamine receptor (OcR)} Odorant
binding protein 1 (0bpl)ye F7t= =40t (Fig. 4j, k).
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Octopamine= $7} 7] 2] 9] gJ-d¢] &
= AARS o 1885 /Al
ol A A o] F715H} (Farooqui ef al., 2003; Spivak et
al., 2003). Obp 1> EHO| f5 = 7 sh5o] JF&
H|2]= Hygl QTL @9l EARTt(Oxley et al., 2010).
qPCR A} OcRE FAFNA 71 We ddg HolH
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Table 3. Relative mRNA expression levels in each body parts in honeybees (head, thorax, and abdomen). (a) Arrestin 2, (b) antennal dehy-
drogenase (Antdh), (c) long-wavelength sensitive opsin I (Lopl). Different letters indicate significant differences. One-way ANOVA follow-

ing Tukey’s HSD (P <0.05).

Relative mRNA expression levels

(Mean £ SD)
Gene/body parts Head Thorax Abdomen
Arrestin 2 1.097+£0.515a 0.001£0.0006 b 8.62E-0.5+347E-05b
Antennal dehydrogenase 1.098+0.552 a 0.012+£0.006 b 0.022+£0.001 b

Long-wavelength sensitive opsin 1 1.044+£0.371 a

5.23E-0.5+3.236E-05b 9.78E-0.6+6.83E-0.6 b

71 9ke] v A7 e Foue Ed Atolg gl
4= §l3lth (Fig. 4j). Obp1= VAENA 7P =4 =]
AL THE AFRY ol GAEA] ot (Fig. 4K).

1o AN
o] Sof AFAT SABEL 54 FHASET

A== Aol ofd siid Ao Ttz FE2 FHA
& ol A= FHFHolth & A4 Bl &
ZF A5 B fAESY dEHolA] g Ide v
] Fzte] AFE of 2 SNPeF 22 A7 A Fe] W
o|e} Z2 gQl50] 9| Tl FFS nXith=
g AR 71E Aol A] A BE fARE
o] Bugl A3} FUM TH-S HolR= AT (Teixeira
etal.,2021). 4l GF A2 EA6H= SNP7F -4

=
o
o
2 ol 75l B
P = A S 4
(Conlon et al., 2019; Teixeira et al., 2021). 2 Ao A At
| 29 AL oA 71E A7) A8E B ok

wrE ol5e] §74 Aol A8 W] Dokl b
o] glovt, A7 B4 At Bgo] At vl
1=
u

go o2 il ox rlm o
ne

flo o
JQ

o

B OE%LOM H fA72Ee] BlOA 7HAE 7s
2 A FesiA| %PE LA A d zahEjoflA BT
H s 320 715 v e g2 EE-gof Aol of
S A 75E FE5HAT B Sof A IS5
712k olaliet] YaliA e §dAHES] 7se
7} Qltt, & AT AyE vigor EH-gof A
Al FeH FHIL VAT, }¢2§DEE~F

fllo _k{o

401.
.
-LJ
O
]
O

18 ks A

o=
st A SRS el 371

Jo b o nE
= oft ofN

FHALR It wofj A7t mid &Aooz B
2 foliA= T8 9] F of
A7 A o)), Yozt A1 o4
ol A FE2] S4o] B astt. o]
Fxote] B AL S deR &

AR IS EA5H E‘r. TANC2

uE X0 i
nE o

o

oo o lo ro i rgl
>

=g Mgy K2

fo ox © o o pgE HI P T K
o T F
o A&
o N o MM
yr morr 2 o
ﬂrﬂmﬁdﬂo
jgr‘FOIOfE
%}E:%_E‘
ouml"u\‘r[r
= T
OE‘LDB‘F'E
:ioﬂlxﬂé
N E N
ORI T
ﬂﬁ4w>i
O J gy
jmﬁgé
o w
—|-4-r‘
:LIOIOOIO&
oH 2 o 9
R
we ool gl N

ot
)
oo
nE
olo
=2
)
rel ot
1(_)‘_‘ 0_>|:,
<
2
o
r
[HE
o
A,
>
il
1o,
Gy
nE
)
oft

(A,C,D,F, V) 7t
Alh, Hr789] f+2]m
VAol B Agel
A& ARG}, VSH $A7Hs du4 9
HolA] ot npr A 2 vAIS =
L oxz12 o2 gholsteltt. D, FAEO)A

2o

FSL
NE
el
rok ol
N
N
Gl
g
o
ot
K1)
pac
Ko
9,
rl
o

Aol 2
H 7L =205 A3 pJ14180072] AH 2

205



B
ofo
+
oy
omn
e

TN 20259 FEX
AT I 21 ARGl ol

+
o
N

A
it
olr
s
i)
T
i
R
Bl

o ©
T
<
3,
>
i
o

|

n*
ol g2

Anholt,R.R.,R. F. Lyman and T. F. Mackay. 2001. Functional
genomics of odor-guided behavior in Drosophila mela-
nogaster. Chem. Senses 26(2): 215-221.

Bailey, L., A. J. Gibbs and R. D. Woods. 1963. Two viruses
from adult honey bees (Apis mellifera Linnaeus). Vi-
rology 21(3): 390-395.

Berthoud, H. 2010. Virus infections and winter losses of honey
bee colonies (Apis mellifera). J. Apic. Res. 49(1): 60-
65.

Boot, W. J., J. N. M. Calis and J. Beetsma. 1992. Differential
periods of Varroa mite invasion into worker and drone
cells of honey bees. Exp. Appl. Acarol. 16: 295-301.

Boutin, S., M. Alburaki, P. L. Maercier, P. Giovenazzo and N.
Derome. 2015. Differential gene expression between
hygienic and non-hygienic honeybee (Apis mellifera L.)
hives. BMC Genomics 16(1): 500.

Biichler, R., M. Kovaci¢, M. Buchegger, Z. PuSkadija, A.
Hoppe and E. W. Brascamp. 2020. Evaluation of traits
for the selection of Apis mellifera for resistance against
Varroa destructor. Insects 11(9): 618.

Burgett, M., P. Akratanakul and R. A. Morse. 1983. Tropi-
laelaps Clareae: a parasite of honeybees in South-East
Asia. Bee World 64(1): 25-28.

Cabrera, A. R., P. D. Shirk, J. D. Evans, K. Hung, J. Sims, H.
Alborn and P. E. Teal. 2015. Three halloween genes
from the Varroa mite, Varroa destructor (Anderson &
Truman) and their expression during reproduction. In-
sect Mol. Biol. 24(3): 277-292.

Calébria, L. K., P. M. V. Peixoto, A. B. P. Lima, L. G. Peixoto,
V. R. A. de Moraes, R. R. Teixeira, C. T. dos Santos,
L. O. Silva, M. F. R. da Silva, A. A. D. dos Santos, N.
Garcia-Cairasco, A. R. Martins, E. M. Espreafico and F.
S. Espindola. 2011. Myosins and DYNLLI1/LCS in the
honey bee (Apis mellifera L.) brain. J. Insect Physiol.
57: 1300-1311.

Chen, Y., J. Evans and M. Feldlaufer. 2006. Horizontal and
vertical transmission of viruses in the honey bee, Apis
mellifera. J. Invertebr. Pathol. 92: 152-159.

Chen, Y. P, J. S. Pettis, M. Corona, W. P. Chen, C. J. Li, M.
Spivak, P. K. Visscher, G. DeGrandi-Hoffman, H. Bon-
cristiani, Y. Zhao, D. van Engelsdorp, K. Delaplane,
L. Solter, F. Drummond, M. Kramer, W. I. Lipkin, G.
Palacios, M. C. Hamilton, B. Smith, S. K. Huang, H. Q.
Zheng, J. L. Li, X. Zhang, A. F. Zhou, L. Y. Wu, J. Z.
Zhou, M. Lee, E. W. Teixeira, Z. G. Li and J. D. Evans.

206

2014. Israeli acute paralysis virus: epidemiology, patho-
genesis and implications for honey bee health. PLoS
Pathog. 10: 1004261.

Choi, Y. S., M. L. Lee, H. S. Sim, H. K. Kim, G. H. Byeon, M.
Y. Yoon, A. R. Kang, T. T. Van and S. O. Woo. 2014.
Morphological analysis and determination of interfer-
ence competition between two honey bee mites: Varroa
destructor and Tropilaelaps clareae (Acari: Varroidae
and Laelapidae). J. Apic. 29(4): 327-332.

Conlon, B. H., E. Frey, P. Rosenkranz, L. Barbara, R. F. A.
Moritz and R. Jarkko. 2018. The role of epistatic inter-
actions underpinning resistance to parasitic Varroa mites
in haploid honeybee (Apis mellifera) drones. J. Evol.
Biol. 31(6): 801-809.

Conlon, B. H., A. Adriana, A. L. Giurgiu, J. Kefuss, D. S. Dez-
mirean, R. F. A. Moritz and J. Routtu. 2019. A gene for
resistance to the Varroa mite (Acari) in honey bee (Apis
mellifera) pupae. Mol. Ecol. 28(12): 2958-2966.

Cox-Foster, D. L., S. Conlan, E. C. Holmes, G. Palacios, J. D.
Evans, N. A. Moran, P. L. Quan, T. Briese, M. Horing,
D. M. Geiser, V. Martinson, D. van engelsdorp, A. L.
Kalkstein, A. Drysdale, J. Hui, J. Zhai, L. Cui, S. K.
Hutchison, J. F. Simons, M. Egholm, J. S. Pettis and W.
I. Lipkin. 2007. A metagenomic survey of microbes in
honey bee colony collapse disorder. Science 318: 283-
287.

Danka, R. G.,J. W. Harris and G. E. Dodds. 2016. Selection of
VSH-derived “pol-line” honeybees and evaluation of
their Varroa-resistance characteristics. Apidologie 47:
483-490.

Delfinado, M. D. E. and W. Baker. 1961. Tropilaelaps, a new
species of mite from the Philippines (Laelaptidae [s.
lat]: Acarina). Fieldiana Zool. 44: 53-56.

Desai, S. D. and R. W. Currie. 2016. Effects of wintering envi-
ronment and parasite-pathogen interactions on honey
bee colony loss in north temperate regions. PLoS One
11(7): e0159615.

Dolph, P. J., R. Ranganathan, N. J. Colley, R. W. Hardy, M.
Socolich and C. S. Zuker. 1993. Arrestin function in
inactivation of G-protein-coupled receptor rhodopsin
in vivo. Science 260: 1910-1916.

Dubnau, J., A. S. Chiang, L. Grady, J. Barditch, S. Gossweiler,
J. McNeil, P. Smith, F. Buldoc, R. Scott, U. Certa, C.
Broger and T. Tully. 2003. The staufen/pumilio path-
way is involved in Drosophila long-term memory.
Curr. Biol. 13(4): 286-296.

Eisenhardt, D. 2006. Learning and memory formation in the
honeybee (Apis mellifera) and its dependency on the
cAMP-protein kinase A pathway. Anim. Biol. 56(2):
259-278.

Farooqui, T., K. Robinson, H. Vaessin and B. H. Smith. 2003.
Modulation of early olfactory processing by an octo-
paminergic reinforcement pathway in the honeybee. J.

http://journal.bee.or.kr/



ook
0x
J0
ra
=l
AI
1=

Neurosci. 23(12): 5370-5380.

Funada, M., H. Hara, H. Sasagawa, Y. Kitagawa and T. Kad-
owaki. 2007. A honey bee Dscam family member, Ab-
sCAM, is a brain-specific cell adhesion molecule with
the neurite outgrowth activity which influences neuronal
wiring during development. Eur. J. Neurosci. 25(1):
168-180.

Gisder, S., P. Aumeier and E. Genersch. 2009. Deformed wing
virus: replication and viral load in mites (Varroa de-
structor). J. Gen. Virol. 90(2): 463-467.

Govan, V., N. Leat, M. Allsopp and S. Davison. 2000. Analysis
of the complete genome sequence of acute bee paral-
ysis virus show that it belongs to the novel group of
insect-infecting RNA viruses. Virology 277: 457-463.

Gramacho, K. P. and M. Spivak. 2003. Differences in olfactory
sensitivity and behavioral responses among honey bees
bred for hygienic behavior. Behav. Ecol. Sociobiol. 54:
472-479.

Grindrod, I. and S. J. Martin. 2023. Varroa resistance in Apis
cerana: a review. Apidologie 54: 14.

Guzman-Novoa, E., L. Eccles, Y. Calvete, J. Mcgowan, P. G.
Kelly and A. Correa-Benitez. 2010. Varroa destructor is
the main culprit for the death and reduced populations
of overwintered honey bee (Apis mellifera) colonies in
Ontario, Canada. Apidologie 41: 443-450.

Hamiduzzaman, M. M., B. Emsen, G. J. Hunt, S. Subra-
manyam, C. E. Williams, J. M. Tsuruda and E. Guz-
man-Novoa. 2017. Differential gene expression associ-
ated with honeybee grooming behavior in response to
Varroa mites. Behav. Genet. 47(3): 335-344.

Highfield, A. C., A. El Nagar, L. C. Mackinder, L. M. Noél, M. J.
Hall, S.J. Martin and D. C. Schroeder. 2009. Deformed
wing virus implicated in overwintering honeybee colo-
ny losses. Appl. Environ. Microbiol. 75(22): 7212-7220.

Hummel, T., M. L. Vasconcelos, J. C. Clemens, Y. Fishilevich,
L. B. Vosshall and S. L. Zipursky. 2003. Axonal tar-
geting of olfactory receptor neurons in Drosophila is
controlled by Dscam. Neuron 37(2): 221-231.

Insolia, L., R. Molinari, S. R. Rogaers, G. R. Williams, F.
Chiaromaonte and M. Calovi. 2022. Honey bee colony
loss linked to parasites, pesticides and extreme weather
across the United States. Sci. Rep. 12: 20787.

Ivanova, I. and K. Bienefield. 2023. Apis mellifera worker
bees selected for Varroa-sensitive hygiene show higher
specific sensitivity and perception speed towards low
concentrations of chemical cues emitted by the brood. J.
Insect Behav. 36: 96-112.

Jung, C. 2008. Economic value of honeybee pollination on
major fruit and vegetable crop in Korea. J. Apic. 23(2):
147-152.

Kang, Y., S. H. Kwon and C. Jung. 2024. Correlation analysis
between honeybee pest occurrences and winter failure
based on the questionnaire from beekeepers in Korea. J.

Apic. 39(3): 185-193.

Kassis, J. A. and J. L. Brown. 2014. Polycomb group response
elements in Drosophila and vertebrates. Adv. Genet.
81: 83-118.

Kim, H. K. 2022. The effect of honey bee mites on the winter
colony losses. J. Apic. 37(3): 291-299.

Kim, M., B. H. Kim, S. Kim, T. A. Tai, J. M. Kim, S. Kim and
B. S. Yoon. 2019. Development of ultra-rapid nested
PCR method for detection of specific gene of Tracheal
mite (Acarapis woodi) J. Apic. 34(1): 15-26.

Kim, Y. H. and S. H. Lee. 2022. Current status of fluvalinate
resistance in Varroa destructor in Korea and sugges-
tion for possible solution. J. Apic. 37(3): 301-313.

Lanzi, G., J. R. Miranda, M. B. Boniotti, C. E. Cameron, A.
Lavazza, L. Capucci, S. M. Camazine and C. Rossi.
2006. Molecular and biological characterization of de-
formed wing virus of honeybees (Apis mellifera L.). J.
Virol. 80(10): 4998-5009.

Lapidge, K. L., B. P. Oldroyd and M. Spivak. 2002. Seven
suggestive quantitative trait loci influence hygienic be-
havior of honey bees. Naturwiss 89: 565-568.

Le Conte, Y., C. Alaux, J. F. Martin, J. R. Harbo, J. W. Harris,
C. Dantec, D. Séverac, S. Cros-Arteil and M. Navajas.
2011. Social immunity in honeybees (Apis mellifera):
transcriptome analysis of varroa-hygienic behavior.
Insect Mol. Biol. 20(3): 399-408.

Lee, J., K. H. Moon, S. Cho, Y. Lim, S. Kim, S. B. Kim, S. M.
Han, Y. H. Kim and S. H. Lee. 2023. Establishment and
application of bioassay-and molecular marker-based
methods for monitoring fluvalinate resistance of Varroa
mites. Pestic. Biochem. Physiol. 197: 105655.

Lee,J.,J. H. Lee, Y. Lim, S. Cho, K. H. Moon, S. Kim, Y. H.
Kim and S. H. Lee. 2025. Rapid spread of amitraz
resistance linked to a unique T115N mutation in the
octopamine receptor of Varroa mites in Korea. Pestic.
Biochem. Physiol. 210: 106387.

Liao, J., K. Wan, Y. Lii, W. Ouyang, J. Huang, L. Zheng, L.
Miao, S. Su and Z. Li. 2024. Comparison of brain gene
expression profiles associated with auto-grooming be-
havior between Apis cerana and Apis mellifera infest-
ed by Varroa destructor. Genes 15: 763.

Martin, S. J., A. C. Highfield, L. Brettell, E. M. Villalobos, G.
E. Budge, M. Powell, S. Nikaido and D. C. Schroeder.
2012. Global honey bee viral landscape altered by a par-
asitic mite. Science 336 (6086): 1304-1306.

Marxreiter, S. and C. S. Thummel. 2018. Adult functions for the
Drosophila DHR78 nuclear receptor. Dev. Dyn. 247(2):
315-322.

Masterman, R., R. Ross, K. Mesce and M. Spivak. 2001. Ol-
factory and behavioral response threshold to odors of
diseased brood differ between hygienic and non-hygien-
ic honey bees (Apis mellifera L.). J. Comp. Physiol. A.
187(6): 441-452.

207



Minaud, E., F. Rebaudo, G. Mainardi, P. Vardakas, F. Jatjina, I.
Steffan-Dewenter and F. Requier. 2024. Temperature in
overwintering honey bee colonies reveals brood status
and predicts colony mortality. Ecol. Indic. 169: 112961.

Mondragén, L., M. Spivak and R. Vandame. 2005. A multi-
factorial study of the resistance of Africanized hybrid
honey bees Apis mellifera to the mite Varroa destruc-
tor over one year in Mexico. Apidologie 36: 345-358.

Miiller, U. 1998. Neuronal cAMP-dependent protein kinase
type II is concentrated in mushroom bodies of Dro-
sophila melanogaster and the honeybee Apis mellifera.
J. Neurobiol. 33(1): 33-44.

Navajas, M., A. Migeon, C. Alaux, M. L. Martin-Magniette, G.
E. Robinson, J. D. Evans, S. Cros-Arteil, D. Crauser
and Y. Le Conte. 2008. Differential gene expression of
the honey bee Apis mellifera associated with Varroa de-
structor infection. BMC Genomics 9: 301.

Oh, H., T. Begna and C. Jung. 2024. Evaluating the efficacy of
registered acaricides on Varroa destructor and Tropi-
laelaps mercedesae, in Apis mellifera colonies. J. Apic.
39(1): 21-30.

O’Shea-Wheller, T. A., F. D. Rinkevich, R. G. Danka, M. Sim-
one-Finstrom, P. G. Tokarz and K. B. Healy. 2022. A
derived honey bee stock confers resistance to Varroa
destructor and associated viral transmission. Sci. Rep.
12: 4852.

Oxley, P. R., M. Spivak and B. P. Oldroyd. 2010. Six quantita-
tive trait loci influence task thresholds for hygienic be-
haviour in honeybees (Apis mellifera). Mol. Ecol. 19(7):
1452-1461.

Perrin, L. and J. M. Dura. 2004. Molecular genetics of the
Alhambra (Drosophila AF10) complex locus of Dro-
sophila. Mol. Genet. Genomics 272: 156-161.

Regan, J. C., A. S. Brandio, A. B. Leitdo, A .R. Mantas Dias,
E. Sucena, A. Jacinto and A. Zeidman-Rémy. 2013.
Steroid hormone signaling is essential to regulate innate
immune cells and fight bacterial infection in Drosophi-
la. PLoS Pathog. 9(10): e1003720.

Requier, F., L. Garnery, P. L. Kohl, H. K. Njove, C. W. W.
Prik, R. M. Crewe and I. Steffan-Dewenter. 2019. The
conservation of native honey bees is crucial. Trends.
Ecol. Evol. 34(9): 789-798.

Rinderer, T. E., L. I. de Guzman, G. T. Delatte, J. A. Stelzer, V.
A. Lancaster, V. Kuznetsov, L. Beaman, R. Watts and J.
W. Harris. 2001. Resistance to the parasitic mite Varroa
destructor in honey bees from far-eastern Russia. Api-
dologie 32(4): 381-394.

Roth, M. A.,J. M. Wilson, K. R. Tignor and A. D. Gross. 2020.
Biology and management of Varroa destructor (Me-
sostigmata: Varroidae) in Apis mellifera (Hymenoptera:
Apidae) colonies. J. Integr. Pest Manag. 11(1): 1-8.

Rothenbuhler, W. C. 1964. Behavior genetics of nest cleaning
in honey bees. IV. responses of F1 and backcross gen-

208

erations to disease-killed blood. Am. Zool. 4: 111-123.

Ruttner, F. 2013. Biogeography and taxonomy of honeybees.
Springer Science & Business Media, Berlin, Germany.
pp- 284.

Ryabov, E. V., G. R. Wood, J. M. Fannon, J. D. Moore, J. C.
Bull, D. Chandler, A. Mead, N. Burroughs and D. J.
Evans. 2014. A virulent strain of deformed wing virus
(DWYV) of honeybees (Apis mellifera) prevails after Var-
roa destructor-mediated, or in vitro, transmission. PLoS
Pathog. 10(6): €1004230.

Shimanuki, H., N. W. Calderone and D. A. Knox. 1994. Parasit-
ic mite syndrome: the symptoms. Am. Bee J. 134: 827-
828.

Southey, B. R., P. Zhu, M. K. Carr-Markell, Z. S. Liang, A.
Zayed, R. Li, G. E. Robinson and S. L. Rodriguez-Zas.
2016. Characterization of genomic variants associated
with scout and recruit behavioral castes in honey bees
using whole-genome sequencing. PLoS One 11(1):
e0146430.

Spivak, M., R. Masterman, R. Ross and K. A. Mesce. 2003. Hy-
gienic behavior in the honey bee (Apis mellifera L..) and
the modulatory role of octopamine. J. Neurobiol. 55:
341-345.

Tan, K. L., I. Vlisidou and W. Wood. 2014. Ecdysone mediated
the development of immunity in the Drosophila em-
bryo. Curr. Biol. 24(10): 1145-1152.

Teixeira, E. W., R. M. de Paiva Daibert, L. A. Glatzl Janior, M.
V. da Silva, M. L. Alves, J. D. Evans and A. L. Toth.
2021. Transcriptomic analysis suggests candidate genes
for hygienic behavior in African-derived Apis mellifera
honeybees. Apidologie 52(2): 447-462.

Tewarson, N. C. 1982. Immunocytochemical localization of
host (Apis mellifera) proteins in growing oocytes of a
hemophagous mite (Varroa jacobsoni) by the unlabeled
antibody-Enzyme (PAP) method. Invertebr. Reprod.
Dev. 5(6): 345-348.

Traynor, K. S., F. Mondet, J. R. de Miranda, M. Techer, V.
Kowallik, M. A. Y. Oddie, P. Chantawannakul and A.
McAfee. 2020. Varroa destructor: A complex parasite,
crippling honey bees worldwide. Trends. Parasitol.
36(7): 592-606.

Truong, A. T., M. S. Yoo, B. R. Yun, J. E. Kang, J. Noh, T. J.
Hwang, S. K. Seo, S. S. Yoon and Y. S. Cho. 2022.
Prevalence and pathogen detection of Varroa and Tro-
pilaelaps mites in Apis mellifera (Hymenoptera, Api-
dae) apiaries in South Korea. J. Apic. Res. 62(4): 804-
812.

Turner, T. L., P. M. Miller and V. A. Cochrane. 2013. Combin-
ing genome-wide methods to investigate the genetic
complexity of courtship song variation in Drosophila
melanogaster. Mol. Biol. Evol. 30(9): 2113-2120.

van Alphen, J. J. M. and B. J. Fernhout. 2020. Natural selec-
tion, selective breeding, and the evolution of resistance

http://journal.bee.or.kr/



o3t
0Xx
30
ra
]
AL
1z

of honeybees (Apis mellifera) against Varroa. Zoologi-
cal Lett. 6: 6.

Walker, W. B., E. M. Smith, T. Jan and L. J. Zwiebel. 2008. A
functional role for Anopheles gambiae Arrestinl in ol-
factory signal transduction. J. Insect Physiol. 54: 680-
690.

Weaver, D. B., B. L. Cantarel, C. G. Elsik, D. L. Boncristiani
and J. D. Evans. 2021. Multi-tiered analyses of honey
bees that resist or succumb to parasitic mites and vi-
ruses. BMC Genomics 22: 720.

Wu, J., N. B. Tannan, L. T. Vuong, Y. Koca, G. M. Collu and
M. Mlodzik. 2024. Par3/bazooka binds NICD and pro-
motes notch signaling during Drosophila development.
Dev. Biol. 514: 37-49.

Xiong, X. P., K. Kurthkoti, K. Y. Chang, J. L. Li, X. Ren, J. Q.

Ni, T. M. Rana and R. Zhou. 2016. miR-34 modulates
innate immunity and ecdysone signaling in Drosophi-
la. PLos Pathog. 12(11): e1006034.

Yoon,H.J.,K.Y.Lee,Y.B.Lee, M. Y. Lee, K. Sankar and J. D.
Park. 2021. Current status of insect pollinators use for
horticultural crops in Korea. J. Apic. 36(3): 111-123.

Yoshida, H., T. J. Fuwa, M. Arima, H. Hamamoto, N. Sasaki,
T. Ichimiya, K. Osawa, R. Ueda and S. Nishihara.
2008. Identification of the Drosophila core 1 1,3-ga-
lactosyltransferase gene that synthesizes T antigen in
the embryonic central nervous system and hemocytes.
Glycobiology 18(12): 1094-1104.

Zhang, L. and K. G. Ten Hagen. 2019. O-Linked glycosylation
in Drosophila melanogaster. Curr. Opin. Struct. Biol.
56: 139-145.

209



	국내 꿀벌 ( Apis mellifera) 유전자원에 대한 꿀벌응애(Varroa destructor) 저항성 연관 유전자 발현 비교 분석
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	적요
	인용문헌


