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m Honey bees can be classified as summer bees with a short lifespan and winter bees with a
lifespan of over 5 months based on their physiological and ecological characteristics. This
compared the physiological characteristics of fat body content and vitellogenin expression
levels from the honey bees overwintering in the field and pollinating inside the greenhouse
during December 2024. Honey bee workers were randomly collected from 3 colonies for each
environment, and their fat body ratio in the abdomen was quantified by ethyl ether extraction
method, while vitellogenin expression levels were analyzed using gPCR. The fat body ratio
in the abdomen showed significant difference between overwintering and pollinating honey
bees. However, although there were statistically significant differences in fat body ratios
among colonies, no clear trend was observed. Vitellogenin expression levels, both group-
level and colony-level comparisons showed that overwintering colonies had significantly
higher expression than pollinating colonies. Based on these findings, vitellogenin expression
levels appear to be a more suitable indicator of honey bee overwintering status than the fat
body contents. This study provides insight into the physiological transition of honeybees from
overwintering to foraging during winter.

Apis mellifera, Pollination, Winter bee, Physiology, gPCR analysis

N =2 2022; Jung and Shin, 2022). °]2{t o] & EH2 2hE

HAE fIsl A AAA AbS BelE 9low, s

B (Apis melliferay 4 AAA 0= ohefst 719 24 AHEE 5ol sl BAA olelS AlFstal Utk
o A W& 2|22 o HIE5I Qlth(Ruttner, 1988). (Jung, 2008; Garibaldi et al., 2017; Minaud et al., 2024).
T2 odRt ol AE 9 AHEo] FEMANE Foll ¥ ShA|gh, 8 SRRl EE-2 2d 300 |k HH
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T A7t B3I QT (Minaud et al., 2024). =l
M dEs T 2o AF % HAPE HAH A (Jung
and Bae, 2022; Kim, 2022; Kim and Lee, 2022; Lee et al.,
2022). 2011~20138 9] =] H& Hufl&2 Bt 174%
(8.5~24.9%)2 FAMEIloU, 20221 B% Aug> 3
T 36% (22.6~67.7%) = 57t A2 A= QAT (Jeong
et al., 2016; Jung and Bae, 2022, Kang et al., 2024). =4
o A AP 02 BFe] £ o3 AHAQ s
9} E/R]—% o Algko] AL ZFA R GIaf el ﬂfgﬁi 0101
A 4= 31Tt (Conte and Navajas, 2008; Laurino et al., 2020;
Kim, 2022). &5 B+ HA= Tt ~AE# A gQlog
sl Bto] Aol eFsiA A T 4= ATt (Potts et al.,
2010; Goulson et al., 2015; Henry et al., 2017; Steinhauer
et al.,2018). 71 QRJE=2= Wl -2 A2} (Laurino
et al., 2019; Requier et al., 2019; Hong and Jung, 2024),
‘52F(Van Der Zee e al., 2015; Ulziibayar and Jung, 2019;
Insolia et al., 2022; Kang et al., 2023), I FEZ (Clermont
et al.,2015; Requier et al.,2017; Kuchling et al., 2018), 8
3}==(van Dooremalen et al., 2012; Desai and Currie, 2015;
Oh et al., 2024) & 7153}k (Switanek ef al., 2017; Insolia
et al., 2022; Overturf et al., 2022) 5°] Y2H o]E°] &
A0 2hgate] 20| AZo] Ashe WA= olof
A 4 lek. et 95 HARE 9] e ofeld o
FT RASEHE BRL WS 9% 2= 3T
£ FE3 A2o] Wasict

] BBE 24 Yo o0 2o
<2 230 ¥% B+ (winter cluster)S St (Jung and
Bae, 2022). =82 A W AHA R o5 A

2 FE2 4= Atk (Doke et al., 2015; Jung and Bae, 2022).
U5 BT W10] A2 AL THIE U5 4

o
Foll 2 FFS v th(Doke et al., 2015; Jung and bae,
2022). ol5E-2 Aol wet k59 +9}7P o]Fo1A

7} Aol whet o AL SAste SHL 15452
2 4T ASWe BE 99 Buse] 9% B7E 9
gate] AgHo] G Pl NoE BF 1 & &
e Sasio] S9e sAY oo Uk st &

oAM= % &
2 &2 Hhdof|, SRl FAl T v 2 Ad -2 9
A8 Aol w1 I ff e Aol 7t
=4 YERA T (Fluri er al., 1982; Huang and Robinson,
1995). &2 vl A= FFA7F oF 20~30%7F
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o o €2 o2 BIE Tt (Keller, 2005). H2
A AFAR delA s vERA Y-S A7 s
s},

oi.°~

-

—

¢

T AR Akl Fache AA S E3F S
7Y} (Fluri et al., 1982). ] A= 259 F8 HAt 7]
Toz oz A% 9 T, WY §hg 24, ol ¢
d 18a 322 At A4 2dof Fatt dgS ¢
T} (Arrese and Soulages, 2010; Martins et al., 2011). ©|&
e 7155 ohe AAl= ol 5E Y] BERET ASH] &
ul
o}
=

vt A% 9 A o 7]
gt 9 A%, Jea a1 d% 59 IS 2ttt (Seehuus
et al.,2006; Corona et al., 2007).

Ul E FesTtEe] AR 2~579] FA]
B E5uS FASHAT 1 = Sk e 74 &
Hof Hjgol B T8 4 Uth= 20| A7 HL
(Jung and Bae, 2022). THeF #-&9 o] JLAJH|7} ;‘E}Ud !
& 5 ol tel = 2de] 7t Wold dF B9
=717} ZotA)7] wWigel gt W 2= FA7F A3 ¥
AR o]ojd & Qlk. Ade] 5

=Ho| AtEE= A7lol HF2 o2 4ehS 5
of gttt A AN ALHL 10 FFE Holv=
gol 150 oY H= Ao g HiEo] Qlrt
(Mattila ef al., 2001). SFA|TF, 7F&0] L7} 2|44 0 &
= FAE o] BEEL] 4lgho] &2 0 g WAYsH= A
G, Az Agho] LAY AgEE0] tA] o5
= A Adgho] o]fold 4= qlo] 11 A7) 7hHAA

o5t 24 W 7

%

s =,

l‘ll‘ ol

AR 5

% 9ke oItk AEE L B ) Aol WA} 5|
L 79 i8] ey g2 Aeste] et 9o
5 502 oA FEETH(Doke et al., 2015). ALEE ¥
EA7|A] &1 g7 LA} 7o wpEs] ghA o] v x| et
A%, AAPEE AR ANt 99 Bl o]0l
2o SHEuNES shA| Hek, Bk ohjet AL o4 3

o2 Q) 97 257} 39 ol 12°C7} WAl Al
3% 9% 27 ) Aol dofd % Itk (Winston, 1987;

]
Lee e al., 2022). A&9] el2] oo} 50| F7h
U5 P Y2 2|7 o] B2 el el
WolE F1% Bt gt

webd, £ AT AL =Gl UF F B
Wit @] 2ol SRR BF FA BE Yol
SR A, MB2AD)E vl@skde. AATES
oz 9% F9 Fuel AuAle vdzA Y A
ol 5 & Ao spgalart
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R
1. 438
Ao AHEE FSE (Apis mellifera) 20249 129
159 35 54 4 hsista 5 A9 el
A EE T7E F49 Y T AR T AR E
7] A FEA & FY TE LR S
o 7 o] AlEe 4miz fAsEl o, dE 9 S
T2 75 FAdstal Atete] /1AL, SREuiAfel A8
T B B2 Ry ATt Afdde 4TS
HA. EF S¢ h SR 2F T BES 4
7y 370 Eatol M 242 3omtey, AF 77 glol Bee
A st

=9 AA = ofl"l2 &% (Wilson-Rich et al., 2008)
< Boll FFStettt. 24 BE 1outEe] Bl BRE
A2 397t Ax & U A& (AX324, Ohaus, New
Jersey, United States; 0.1 mg &)= FAE S5t
o|%, AAE =ol7] ol ol ofH 27} @31 FHI
= BRE 2447 AASAH. e B BRE A
2o oAl 393 Ax3L F A A2 FAE S5}
Ak, S5 W A HE-2((AEA 86l A FA -2
A gaf = FANYGEYE Ax EF FA)*100= Foll 74

sheict

3. HIEEHH g 2

Ql Eo] BRA RNAE FEolto] HidaAd U4
52 H|WSktH RNA 52 EZ]E (TRIzol) AlSF
(Invitrogen, Carlsbad, CA, USA)S A&t or Az
A o] 21K of| wpet gkt 2 ERE EYE 1mL
of Y1 #As}et A4 sEIF Hyksto] stk

22X %(Isopropanol, Merck, Darmstadt, Germany) 200 puL
£ F715HL 1083 RNAE HAAIF T o]F, 4°Cof|A]
1027t 13,000 g2 A2 sto] B/dE RNA B3l

75% oller= (Ethanol, Merck, Darmstadt, Germany) 1 mL
2 MIASHAL 4°ColA 557 7,500 g0 2 PR 2|5HA Tt
Al E RNA BES 52 5 A20A 37] xSl
RNase-free water 50 pLE 5715FSITE RNA FE8F =%
= NanoDrop 2317) (Thermo Fisher Scientific, Waltham,
MA, USA)E AF85to] 71shltt. cDNAE ZF MET
RNA 100 ng& RT-premix (Intron Biotechnology, Seoul,
Korea)= /5t tE qPCR SYBR Green Real-Time
PCR master mix (Toyobo, Osaka, Japan)E StepOnePlus
Real-Time PCR System (Applied Biosystems, Singapore)-2-
2 Sfstict ZF ME2 10 pmol 2] H[EZAH Eo|F
xzto]r (Vg-Forward: GCAGAATACATGGACGGTGT,
Vg-Reverse: GAACAGTCTTCGGAAGCTTG)St 100 ng
9] ¢cDNA &3S F715to] F 20 pL=E /4 5H3AH.
PCR A2 enzyme activation: 94°C, 5+; denaturation:
94°C, 20%; annealing: 52°C, 20=; extension: 72°C, 20
= 7d5te] 359] WSkt R4 AR Bl ash]
{1l Am-actine 7|02 oto] HE2AD {25 4
T2FstHTH(Livak and Schmittgen, 2001).

4. X=2o| 4 24

45 T 5= RN F9 S 2
o] 5 ff AA| vl-gxt vld2Ad HAFL 4
2AMdE FTE5HA] got Wilcoxon rank sum testE &
wakeh 7t A2 W g 7l ehs E5 U A
A e 2 HE A FAF] Zfpol= A HA
(Shapiro-Wilk test) & one-way ANOVA)2 5
ol 95% 2] ol A A FATE A A2 Duncan’s
multiple range test& &0l 5+ IF H|Wolct LE F
AEAL R studio AZE Y (Version 4. 3. 2)E A&

shoict.

.
SR

=
=]

SLAT
2,

iy

X

i

e
2
Ol

g2

LH X' B|E bl

=]
A5 FollA A BE 55 W ATA H&
65+ 15.0%, ShEr 7 Bwtoll A e Ed o] B5 W
HHA| B8 55+13.6% % 18 7He] o7} gl Ao
LFERS TH(Wilcoxon rank sum test, w=242, p<0.05).
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Fig. 1. Comparison of abdomen fat body ratio (%, mean =+ SE)) of
overwintering and pollinating honey bees in winter. Fat body ratio
was measured from 3 colonies each (n=3) with 10 individual bees
dissected per colony. * indicates a significant difference between
groups by Wilcoxon rank sum test with p =0.05.
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Fig. 2. Abdomen fat body ratio (%, mean + SE) of overwintering
(W1, W2, W3) and pollinating (P1, P2, P3) honey bees in win-
ter. From each colony, 10 individual bees dissected. Different
letters above the bars indicate statistically significant differences
(»p<0.05) based on Duncan’s multiple range test.

Zh o] B BE U AHA vlE2 wid o]
T7+72%2 7V =2 ZAo= Uehon wid 2
(63+159%), PIH] B (57 +4.8%) =& B 7] 2t
o|7} Q= o2 eIt one-way ANOVA, F=4313,
p<0.05).

)

Relative mRNA expression

Overwintering Pollinating
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Fig. 3. Relative vitellogenin (Vg) mRNA expression level (mean +
SE) of overwintering and pollinating honey bees in winter. Fat
body ratio was measured from 3 colonies each (n=3) with 10
individual bees dissected per colony. * indicates a significant dif-
ference between groups by Wilcoxon rank sum test with p =0.05.
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Fig. 4. Relative vitellogenin (Vg) mRNA expression (mean * SE)
of overwintering (W1, W2, W3) and pollinating (P1, P2, P3) hon-
ey bees in winter. From each colony, 10 individual bees dissected.
Different letters above the bars indicate statistically significant
differences (p <0.05) based on Duncan’s multiple range test.

2 {95t =2 702 YEFGTH(Wilcoxon rank sum
test, w=1, p<0.05).

7Zh B 1] Bl EAd g A S
A wie] 7M=& Ao s e, w2ot W3 =
ettt 9% F2 Bo-50] sl <l
FAACE GOt &2 Ao 2 YEHHTH(One-way
ANOVA, F=18.36, p<0.05). SFEi7/ 521 545 (P1,
P2, P3)> -9t 2to]
At

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



S EEY SF207 BE XA 3 HIRZAH H|2

LI
H Ao A= EE JA5HL Atgto] glo] €% &2l
S B0 S Aol S B 3
oA <l Ee] el A A E YA, HERADE 1)

wotgich B5 Ui 2HA vl-E2 DE S EHoA 3
w7l Sl EHEG 5 =4 UEE EEAd
A JA DF T EHAA A e e, sk
N At g Aol 5 Bt

2 Aol A F4% 7 o] B ER U Z[HA] H]
L 53~TT%E S 15}711 UEF T 21A 2] vle F o

2 44 3ol AE Bk, B4 Al
4 5 odRt 82l osf o
2 verd & o]‘jr(\"!ilson—Rich et al., 2008; Ramsey et
al., 2019; Ricigliano and Simone-Finstrom, 2020; Jang et
al., 2022; Knoll et al., 2024). 20223 295 ¥ 20239 1
H7HA] W et 995o] B5 U AHA| Hle 2 ot
2 ZAR A, WL 42+413% (132467 mg), Y
B0 29420% (7.7+7.6 mg) 22 QB H T} Yo ofA
o =4 Uetten 1149l 7P =2 Ao E Yeutth
(Wilson-Rich et al., 2008; Knoll et al., 2024). & &) 4]
T3 A e Aol RS ok gl 729 &
FEYe sdstlenz o7 WAE 4= Qlrh. &
350l (Varroa destructory= B89 4% 9 452 A3
7¥afistal @zt opd 2AHAIE FE5H] el 29
O] 2| A7F AojA W, = 9 EE Aol £
FIF= v ot U ESITH(Ramsey et al., 2019).
SHEo| F4o w129 B E5 Y AWA Bl
o] ©t2A YettE AL Z YENI T (Jang ef al., 2022).
A, A 9= ookt aQlell oo JaFE v 5 9l
ow o Xt AAE vlwsty] oA ohgRt a9l
FA7F 2 a5t

HE 24 d HAge A5 52 EHo] A A 3hE
7 EQ1 EHEY H =7 YeiEth o] o5 ET
A v 2Ad o] ol B H AP

O

Erht

=

o} A|5H= Aot (Doke et al., 2015). SHEUI7] ZE
& LG5I H|RE Ao BATE AT R, 24 270
A Sofet A E-F 5 o FH 2] A7 Heho] o]FofF

T, 8 Qg Hh 2 AW drdko] AfjH oz e
© 2 AtmHtt(Jung and Bae, 2022). 9% 591 &

>i
PSS

r[n

[¢

:

o

—_

sa}—ﬂruw "OJ Znc EAH0R folls &

= _“%__T’_Hoi 1'/]'(Amdam et al.,2004). SHE
2f sdg e O] HdR2A O] WdgFo] Aol
© 2 YePthJang et al., 2022). |2 YFE] o=
Z2Elofyd 3ng] EH o vEzAd
2 38 F7Fok= A2 YERSTH (Christen et al.,
2019). Hld=Ad E9F 2o up7EA| 2 Thefet /.
glof os T o] Febd 4 JleBg Ao F9

7} 1 g st

o &

% 2o rlo il orlo
2 = T}L oy >\l
O

el R
oﬂ;'. JQ

5 ATE S B, B 29 ) ) gt
L u[ERAN o] A5 Hi Solet plol@ES 5
= 0] oA AEE setehs | o A3 Zlow A
29T 5, 424 9% 59 BUPolet stets v
A AL T BF Y Kok 59 BFo
dhet ez Wake] A ohet ASd B vl A
2 whglshs SwoR AH8E 4 Gtk FHHoR
of| TS AZste] BEATGOR 1AL AL o3t
AT} A W 0] BAE A Tt 4 9L
2] Sof et A7) o] 2olHThe A el U
A% A £ 50 g ek B wgol D A
olt}.
q @
Zule A e 4] uet £Ho] e ol

B £1go] s7HY ol AR FEEH 2 A7
2024 129 oolol A EF T - B7] 24 Wl
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