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M Pesticides have been considered to be a major factor that leads to a significant decline in honey
bee populations, including colony collapse disorder. To understand pesticide detoxification
physiology in honey bees, it is essential to identify the gene expression in different pesticide-
exposed conditions. For the accurate determination of target gene quantification through
quantitative real-time polymerase chain reaction (qQRT-PCR), reference gene stably expressing
across different samples should be selected. Therefore, in this study, to select the optimal
reference genes, we analyzed the amplification stability of five candidate reference genes (RPS5,
RPS18, GAPDH, ARF1, and RABTA) from honey bees exposed to seven pesticides (acetamiprid,
imidacloprid, flupyradifurone, fenitrothion, carbaryl, amitraz, and bifenthrin) across various
condition of samples, including different tissues and exposure time and concentration of
pesticides using four programs (geNorm, NormFinder, BestKeeper, and RefFinder). Although
the stability values of genes varied depending on different analysis algorithms, our results
suggest that RPS5 is the most appropriate reference gene for the identification of target gene
expression levels in qRT-PCR assays for honeybees under various conditions of pesticide
treatment.
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N OB 7t A%E 1409 F2fof o2& Ao 2 FABHAL AT (Lee,
2008). 2 Urete] A, = S w77 509 gl
2 = A ol HAfF ABAtel] Z]ofste Ao 2 AZHET (Jung,
At Rt ofy et @) AR, 9], 11 5o tEES] & 2008). A7+ AEIAS] 109HE o]/ AstAlEo] 2Rl
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T2 ZQ3ltt(Jung, 2008). BH O AAA, 3F 712
ot Bl FF B8 1 AT a55H AAa
st 917101 AUt 2006 n]=g AlFoz B
30~90%2] 7NA|7F AR = B8 @/ (CCD, Colony
Collapse Disorder)®| P|=7} -3 Z}2|of|A] H1E|al §)
© ™ (Johnson, 2010), HFo] 2] A0} Fo], S-off BhAY 1l 7]
SRS XS TRt 8lo] cepof g o R A
ZYE]A Q) 91t (VanEngelsdorp et al., 2007; Bromenshenk
et al., 2010), o= imidacloprid®} clothianidin 52
neonicotinoid Al A4%A7} ccDe] 437 8211 Aoz
oJel|&] 1 /) (Johnson, 2010; Chensheng et al., 2014). ©F
Aot = 7tol| A= ob2] ccD7F BarE 2] kARt 2=
AN B A7t G450 Hashs FAdel Halwar
Qlth(Zee et al., 2014; Liu et al., 2016). 20224 % 2L}
g RAS SHo R iR dF B A @4
2 5 At e] S8 o HolFe Al et Tt
THRDA, 2022). $-2{theto A o] A5 B wAL d/49]
Ao g AT 7|9714 Hs} 22 o83 FoF
A, EF 2 AR 3Fo= Qg 4
WA A 5 ohgR 89lo] 255l

ol BEgA o g Agoto] et
i A7 3-5H o]tk (Choi et
al., unpublished data; Lee et al., 2022). o] ccp @4
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A BABSE Qle B Al dael 99 F shuE F
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o] T HAA o= TWHETH(VanEngelsdorp et
al.,2009). AFA lego] B W AA, ek5/719 &
o, ololgrgel, 7RIS o] Ae mAchs 7|7
Ao LAY (Desneux et al., 2007; Williamson and
Wright, 2013), A5A17t Ed 9] thefet A=jshs A2
Qe H)Pe AW Aotk AEA] wEol ofe B
ue] ajshy Wske Aol Sede T f2afel
Ao HekE Agsts] Sstal AHEs) Wokrttt,
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=3

WA S A o) AL HE WS S
=2 04, =2 QAL Y FS & GH = quantitative

real-time polymerase chain reaction (QRI-PCR)= 7 &
2] &85kl 91Ot (Bustin er al., 2005; Zhai et al., 2014),
qRT-PCRY] =2 ¥t-5 = 2 215 primer®] PCR 5% &

42

Z2] 5o vt 24
2 = < A
7Hs/d°] &t} (Ling and Salvaterra,
2011; Zhai et al., 2014; Moon et al., 2018a, b). “Le{|A] T
et 29 MEANME A o= WAL= reference
A7 WS Vo s gV FAAe HiES A
o} sh= Mol 2o m Y% ofof It} (Ling and
Salvaterra, 2011). Reference -F-AAH= thE-E HHZ Q1 A|
X A2lekA 7]%5-2 5= housekeeping genes F2 AHE
st=tl, 2£Foll4+= ribosomal proteins (RP) (Mamidala et
al.,2011; Cardoen et al.,2012; Lu et al., 2012; Kim et al.,
2014; Lee and Kim, 2017), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) (Reim et al., 2013), ADP-ribo-
sylation factor (ARF), Ras-related protein Rab (RAB) (Kim
et al., 2022a), actin (ACT) (Seong et al., 2012; Zhai et al.,
2013), tubulin (TUB) (Swarup and Verheyen, 2011; Zhai et
al., 2014), TATA binding protein (TBP) (Zhai et al., 2014),
elongation factor 1 beta (EF-1(3) (Scharlaken et al., 2008),
heat shock protein (HSP) (Ling and Salvaterra, 2011; Xie et
al., 2012), arginine kinase (AK) (Horfidkova et al., 2010) 5
O] FHAE qRT-PCR Y] reference +AAZ E-8-3] 2t
Juh g2 Aol 9J6hH ©]F housekeeping AAF
AEo] thafet 2o weh I o] 4 €44 L
2 FAEA] = 202 VeI (Lourengo ef al., 2008;
Scharlaken et al., 2008; Ling and Salvaterra, 2011; Reim et
al.,2013; Zhai et al., 2014), ©]= 57 2719 &2
For A FAFS S50l A gRT-PCR A
AZ flof A o= HAE= reference S HE
stal Aeish= vgo] Bzl o g 3w ofof o2 o]
gttt ohe9] Aol A £5-S AT S = reference 741
=9 T SHHA-S B (Apis mellifera) (Lourenco et
al.,2008; Scharlaken er al., 2008; Reim et al., 2013; Moon
et al., 2018a, b; Jeon et al., 2020; Kim et al., 2021), L=
Zutd] (Drosophila melanogaster) (Kim et al., 2019; Kim
et al., 2020), WZ3+2] (Drosophila suzukii) (Zhai et al.,
2014), AABE=EAAE] (Tribolium castaneaum) (Lord
et al., 2010), Y1t (Cimex lectularius) (Mamidala et al.,
2011), Rhodnius prolixus (Majerowicz et al., 2011), &I

2| (Lucilia cuprina) (Bagnall and Kotze, 2010), 18|11 &
FZEMHE7] (Chortoicetes terminifera) (Chapuis et al.,
2011) solA B7H3
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55] 249 Aok et IE A (Reim et al.,
2013; Kim et al., 2021), 12|87t (Moon et al., 2018b),
ANlat HZ (Scharlaken et al., 2008), 7t D (Jeon et al.,
2020) , AZA| A2 (Wieczorek et al., 2020; Kim et al.,
2022a) 59| THRt 84 20A Aoz ddEE
reference FAAE Aotz A47F 3= o] gich, ]
& 2 A71E-2 77FA] ASA (acetamiprid, imidacloprid,
flupyradifurone, fenitrothion, carbaryl, amitraz, bifenthrin)
o] vt ot vhFet AE] Al 204 RPS5E A
S} reference 41}§ A QF5FAF U (Kim er al., 2023),
ol AFA k& ¥ 57}A Z3 (head, thorax, gut, fat
body, carcass)ll A= RABIA%} RPSI8 T+ FHAE =&
5t reference® &-8oh= Zlo] & 2 [5-H%}9]
AFS A2 5 3lS Ao 2 A6t (Kim ef al.,
2022b). FLT ASAE A BN E =F £
of whet AQtE]= oHg A FAATE ”010P°4 am o
g B AE 2ol e B B4 & A
= gets| AwFstrlel AZE drkar ”&E‘rﬂﬂr wAs h=h-3
2 Aol e 91 77HA] AE Al &= E‘r%‘iﬁi Ealey
&, =E3ARE 220 2 AEoM T o= 8ol 7t
5% qRT-PCR £ reference - AHE A% 5]’93\‘—4'

]

Mz
1. 8% 2% U 437 He|

A 252 AEUsty A FE7F(36°36'69.09'N,
128°11'70.42"E)O| A AH50k= Fa-EE (Apis mellifera
L) 452 AH&stAal, Aol AMgE 7714 A5A
(acetamiprid, imidacloprid, flupyradifurone, fenitrothion,
carbaryl, amitraz, bifenthrin)+= Sigma-Aldrich (Saint Louis,
MO, USA)°lA Frlistet. et 5o A5Ael =
ZH BH AE FHE 9Io ZF ASAY] LDs, 10,20, 30, 40,50
(ug/bee) 5EZ sucrose solution (10 uL)JJ' A 7l
Agste] JASHES SH AL (Kim er al., 2023), ZF B
AMELS ATA Z 2447 o FESATHKim er al.,
2023). R ARRE SR ASA bE2E AlE FEE 9
S LDy =2 A4 A2 0,3, 6, 12,24,48, 7243 &
o] MEZ2 R Kim er al., 2023). AEA | =&
B 22 WES FHSP] 9ol LDy =0 2%

Aol 24417 e EH AEI EHS sfFsto] s7EA] 22
(head, thorax, gut, fat body, carcass)ii E2]5lAtH(Kim
et al.,2022b).
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= 5uHEE °H-r°]‘°4 poollng
& EFoR ;%5}‘2'151, % 34T O 2 RNAE &
Z0FATH(Kim et al., 2022b). <H]H EH MEL yesR™
total RNA extraction kit (GenesGen, Busan, Korea)2]
buffer RXLY} &7 m}4gh | total RNAE FE0F11,
RNA F& T4 5 genomic DNAE A|A5FALE. 1 ugol
total RNA°A] ReverTra Ace™ (Toyobo, Osaka, Japan)
£ 0|83l cDNAE I3 &, CFX Connect Real-Time
PCR Detection System (Bio-Rad, Hercules, CA, USA) ZF
H]E 0]-85}% SYBR GREEN & 53| qRT-PCRS A
A5 (Kim et al., 2022b; Kim ef al., 2023). & 7]
A HEohe Fa3 = 5702 o2 ZTH40S ribosomal
protein S5 (RPS5), 40S ribosomal protein S18 (RPSI8),
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
ADP-ribosylation factor 1 (ARFI), Ras-related protein Rab-
1A (RABIA)]. 15 2 T2& 9 primerg2 o1
AFolA TF &3 FF g Al digt Solde
7450}°D‘E}(Klm et al., 2022b; Kim et al., 2023). qRT-PCR
2 Thunderbird SYBR qPCR Master Mix (Toyobo)E ©]
SFRAL, thfet £719] B8 HE =R E FH|H cDNA
108 343 & FUSHA 5 uLA EFote] o2k 2
ZZ19 % gRT-PCR = AHAISHT 95°C 14, (95°C-15
; 56°C-15%; 72°C-30%)x 40 cycles. 3+ PCR AFHE2

P}h rlo Fll‘ oo rlo

melting curve E4(65°C~95°C in 0.5°C increments)=

5l 11 Eo]A-& 215 . Quantification cycle (Cq) %}Z~
RE MZof U5 fluorescence threshold (0.1)°14 &
35+ eh (Kim et al., 2022b; Kim et al., 2023).

3. reference RMXIQ| Wi oYM I}
T7HA] ASAE ket 2 A7t B, thergt A
2] A|7te] ME (Kim et al., 2023) ¥ A=A 2] & 57}
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2] 24L& A (Kim et al., 2022b) 2.2 AASE 57 G4

A}o] Z}ZEe] ¢y g2 ol Aol A F55HRH. 2 A
NAe 2 AEel e 4 FA4x9] ¢ A2 Sl FH
reference A2 WA FAAE C EEL (Jeon et al.,
2020; Kim et al., 2021; Kim et al., 2022b)2} NormFinder
(version 0.953) (Andersen et al., 2004), BestKeeper
(version 1) (Pfaffl et al., 2004), geNorm (version 3.2)
(Vandesompele et al., 2002), RefFinder (Xie et al., 2012)
Lotohe 47k 292 FallA 245k ¢
BExr B48 A arithmetic means (AM), standard
deviation (SD)} coefficient of variation (CV) value S TH=
3} Zro] AFESIATHCV = SD/AM) (Fig. 1). NormFinder
D He ZF AR HE 7o) whE ekl T
A HF gl £75H stability value 2] E 4AHESHA &
, stability value 0] ¥=5 ¢ SPgAQI FAAE 9
Sttt (Andersen ef al., 2004) (Fig. 2). BestKeeper 21
2 7+ G2 ¢y 482 715H 8 (geometric mean) Y}t 3
FH2L LSyl 27t HH MY EE FIFsHA =,
SD gto] W5 o g 2jol2tal I H Tt (Plaffl ez al.,
2004) (Fig. 3). geNorm Z2 15 E3F 7|5t Fof A5}
o] ZF - AFE] expression stability (M) 452 AHE511L o
HEM @S 7R AR 4 IR fxtE g
HT} (Fig. 4). RefFinder= 4 37FA] =2 7158 (geNorm,
Normfinder, BestKeeper)q B Ae} delta-Ct w4 1
H-E& ZF35t geomean ranking values = Aok <t

H=2 O
A HE g1z 98 AA Frh(Xie ef al., 2012)
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x
1.C 2Rt 2M
T7HA] AEFAE ATt & 5742 23S iAo R A
gt 57HA] G- ARl ¢, FH(Kim et al., 2022b)TF, ZF AEA
S e = At B 9 oot wE Ao R
AelE B AEA 53 ZF 54742 ¢y FH(Kim et
al., 2023)y& 53t ¢, X A4S AA5HAT (Fig.
1. & dNAMEe FdE 24 449 ¢ #= AR
AM, SD, CV #=& AAL AT, A5 229 ohefst
Z7] W2 SD 2 ARFI©] 0922 7P Ve HAE

=
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2 AZE AT, GAPDHS] SD 412 2462 7Hd =2 ®
2HE HATH(Fig. 1A). SD &toll AM 32 We v #fe g
ZF AxRe] W QFY/d-S WIFSE A3, ARFIC] 0.04%
P e 5215 g56}90, RABIA (0.05), RPS5 (0.06),
RPS18(0.06), GAPDH (0.14) <=2 2 A= %] Q1tH(Fig. 1A).
CV gtel 1 m|vkd wf 77 -{xd7te] ¥rdl wHol7h 2.2] ofck
1 A3t o (Ospina and Marmolejo-Ramos, 2019), 5714

K 372} BE qRT-PCR 9] reference 22 A7 7}
o] Ertal Az ) s7HA] {2 2e] v gkell A5t
F oFgAl-S B WA, ARFIO] TR AEA| E
oA 71 e gH o2 WAL= reference F-HAAE
&= ¥, GAPDHE= 71 EQHEoHA ddE= A
Heltk(Fig. 1A). A5A A8 & opafet 245
go= AN Cy BEE BAXZ ARFIO] 7P W
SD #t CV S YEF 1AL, GAPDHOA 7V 32 SD
#t eV g UERATH(Fig. 1B) (Kim er al., 2022b). 9t
2f Rt o] ASA A 209 oheRt kE
ZANNE GAl ARFIZF GAPDH7Y 242t 74 <F
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(Fig. 1C) (Kim et al., 2023). ©]5
o] theFet MEo|A ARFI19] HE
w2 ol 5 Hol= Z o & Als )

ol ASA A =4
Kol

57 AR F 7S

M

A
ol

2. NormFinder2 S8t QFX} ¥ of

0z

HI

7t &4 A2)gt BH o] 24 (Kim ef al., 2022b)2} TF
I ASA A 2 (= B =EAT) (Kim et al.,
2023)°) T2 7+ 57}2] FH reference F+AHE2] HH
orHAdS F&ole] NormFinders 53l 45t (Fig.
2). NormFinder®| A= stability value 5~%& AF&stal 71
ol 0.15 BT ¢, §Axe] Hd AL FHel
TF(McMillan and Pereg, 2014; Julian ef al., 2016). 9 71
=02 & o 5712 F-4AE2 qRT-PCR =249 ¢+
22l reference FHAZE AR 7Hsototal WHHETH(Fig.
2A). 23U ZF G429 stability values A9 B W gH A
3}, RPS59] stability valueZt 7 W2 3£(0.005) 2.2 At
=591, T2 2 RABIA (0.006), RPS18 (0.008), ARFI
(0.034), GAPDH (0.087) %= & Zelx|QIth(Fig. 2A). C,
VEE A (Fig. 1A)°4 78 S8t /3142 A
A=9H GAPDH?} NormFinderol| M= 713 2orAgH
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(A) All integrated conditions

(B) Tissue condition

2% %
o 26 2 . '
:@ 22 16 !
9 14
E 20 12 :
2 184 RPSS RPS18 | GAPDH | ARF1 | RABIA
B aM | 1937 | 1893 | 18.26 | 2209 | 20.63
2 16 s | 105 | 109 | 171 | 02 | 097
= cv| 005 | 0068 | 009 | 004 | 005
v <
= 14 :
o - g
O 12- . (C) Time & Dose condition
28
RPS5 RPS18 GAPDH ARF1 RAB1A 2%
AM 19.23 18.80 18.56 21.61 20.53 24
2
so | 1.06 1.18 2.46 092 1.07 " + %
cv 0.06 0.06 0.13 0.04 0.05 18
16

RPS18 ARF1 | RAB1IA
A | 1919 18.77 | 1864 | 21.50 | 20.45
SD | 1.06 1.21 261 0.88 1.08
cv | 0.06 0.06 0.14 0.04 0.05

Fig. 1. Distribution of quantification cycle (Cq) values of five candidate reference genes in honey bee samples exposed to seven pesticides.
The all Cq values were integrated (A) from different tissues (B) and different treatment conditions of pesticides, such as exposure time and
concentration of pesticides (C). The horizontal lines in the box indicate the 25th, 50th, and 75th percentile values. The dotted lines in the
box show the mean median. The error bars denote the maximum and minimum values. The arithmetic mean (AM), standard deviation (SD),
and coefficient of variation (CV) values were calculated (CV =SD/AM). Image of (B) was reproduced with permission from Kim et al.
(2022b). Copyright 2022 PLoS ONE. Image of (C) was reproduced with permission from Kim et al. (2023). Copyright 2023 Entomological

Research.

stability valueE WEFH YL (Fig. 2A), A4 A2 29
o] 27 E (Fig. 2B) (Kim et al., 2022b) 7} AEA| A 2]
ZACsE 9 E3ATH O T2 B AME (Fig. 2) (Kim er
al.,2023)° A &= 7 SR I oH S Helrh ¢
X (Fig. 1A)°l1A4 7 eH 491 22 B4 =
ARF1-2 NormFindero| A= FHAZ B39 fA2t=2
A E AT (Fig. 2A), 2] ME (Fig. 2B)T 5 /A 17 A
Z (Fig. 209 = 5Yet A3yt &2
(Fig. 2B)T} 5 5=/A17F B2 (Fig. 2C)°l A= RABIAZ} 2}
7 7P PP ARl AR EAE oW & 2O 5
Fotle o (Fig. 2A)y= RPS57F 7P QPEAQN b=,
RABIAZ} 5 A &2 P A fAxt= A= qint.

3. BestKeepers E3t fMx}

7744 AEA 9] oY
(Kim et al., 2023)2} A&

FS}
pi

A7 2 (EE # AR

L E EH9 & (Kim et al.,

2022b)°] WE reference F+AAFS] HA A
o] BestKeeper= w5} T}(Fig. 3). Cq =2
1A)°141 2} SL5HA ARFI0] 71 F 29l
A=A, RABIA, RPS5, RPS18, GAPDH <=2 2 71 QF
g7do] A=At (Fig. 3A). A5 113194 thoFet 274
7_1'- 0241]—_,] 0]—14&-1 /\H
(Kim ez al., 2022b)7} -5/l EAIZF ‘{101 MZ (Fig. 3C)
(Kim et al., 2023)7} 5L B4 = 2T} BestKeeper<

b 532 ¢q 452 geometric mean¥t SDO| A oto] ¥
A tH 5 YIS S =t (Pfaffl et al., 2004), Cq 742
SDE} CV #o= M-S Hrlohe ¢ B2 EAH I}
FARE 71202 312 A P EE Frkstr] el
Ay o] Ayl AR Ao 2 e ohA 5_
(Figs. 1, 2)°llA1 ¢}t SL5H GAPDH= 7V B2Hg¢
AR BestKeeperol A A =10 H, SD 1711\}01 1.0
T o QFARE reference 1A= A|QFSH= BestKeeper
71#0 82 8 W (Chechi er al., 2012), GAPDHE= A%
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o
A do rE Ao

>~l
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Hd3, dEs
(B) Tissue condition
. . 0.15
(A) All integrated conditions
0.12
0.10
0.09
0.08- 0.06
0.03
v
@
2 0.06
§ GAPDH ARF1 RPS5 RPS518 RABTA
2
S 0.04- . -
& (C) Time & Dose condition
0.16 -
0.021 0.14
0.12
0.00 - 0.10
GAPDH ARF1 RPS18 RABTA RPS5 0.08
B — —
Least stably Most stably 0.06
expressed gene expressed gene 0.04
0.02

m‘
GAPDH ARF1 RPS18 RPS5 RABIA

Fig. 2. The expression stability values of five candidate reference genes in honey bee following seven pesticides treatment under different
treatment conditions, such as different tissues of honey bee treated with pesticides (B), and various treatment time and concentration of
pesticides (C), and all integrated conditions (A). The data were analyzed by NormFinder. The dotted lines indicate the cut-off value for the
suggested reference genes. Image of (B) was reproduced with permission from Kim et al. (2022b). Copyright 2022 PLoS ONE. Image of (C)
was reproduced with permission from Kim et al.(2023). Copyright 2023 Entomological Research.

HZ-& Ao 2 AAsk= qRT-
2

orFsH AS5A] A2 27 (Kim ef al., 2022b; Kim ef al.,
2023)°l tHSt ZF reference -F-AF ' S B A
oA F&ot] geNorm &2 EA5HITH(Fig. 4). geNorm
o e M #2 AFESHY M Fhe] 0.5 vl o I &
Azt MEE T S d o s ATy Frpd=rt
(Hellemans et al., 2007; Liu et al., 2014). M<0.5 7]&2
2 IAT o, 2 A= GAPDHE M 1o 0.954%
HF3t reference FHAAE AT 2] §F=T} (Fig. 4A). ©]
Z 2 MZ (Fig. 4B) (Kim et al., 2022b)7 AEA] 5/
L ZEA7F AE (Fig. 4C) (Kim et al., 2023)°14 = S5}
Al GAPDH7F M<0.5 7155 Qloh= Aol A f-2
A0 2 WAHET GAPDHE Al£Jstal U™ A] 4709
AH= M<0.5 7|20l Fgate] 4EA A9 2 ME
H| W A5 912t QFHAQ reference FHAZ &8 7

1

fu

o

J

46

gt 7 o 2 Alg Eth(Fig. 4A). 1 % RPS59 M 320319
=2 7P A AR A= %A, RPS18(0.319),
RABIA (0.357), ARFI (0.420) <=2 11 StgAo] HZ
= ot geNorm 4]0l whe F F2dzke] =9 2t
£ NormFinder®] A3t 7P FAFSHA UeERTH(Fig. 24,
4A).

M

FEAL Eed oY BN

HI

5. RefFinderE E3t

Cq =E 5% 24 (Fig. 1), NormFinder (Fig. 2), BestKeeper
(Fig. 3), geNorm (Fig. 4)2 243t 7} f-7219] 9rd <F
ALzt AR met 25 /folste] wet, RefFinderoll
A ol B4 A8} delta-Ct B4 WS Fgsto]
geomean ranking values = Al4tsto] oHg Hd /-4
210] =915 A1 AsHA "tk (Xie et al., 2012). AFA| ]
g 27 (5E/=EA7h (Kim er al., 2023)2F AEA] A
2] B o] 22 (Kim et al., 2022b)2] Hlo]E zr-S Zgst
o] RefFinder= E41¢t A}, RPS57F 71 H 21 /-4
A2 AAE 1, ©] 5 RPSIS, RABIA, ARF1, GAPDH =
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(B) Tissue condition

1.2
. - 1.0
(A) All integrated conditions
0.8
1.8
0.6
1.6
0.4
o 1.4
5 . 0.2
E —4 o -
5 0.0
3 1.04- GAPDH RPS18 RPS5 RABIA ARF1
2 1
E 0-8 i - o
3 (C) Time & Dose condition
= 0.6
br 20
0.4 - 1.8 -
16
0.2 14
0.0- ot |
GAPDH RPS18 RPSS5 RAB1A ARF1 s
— e —_—
Least stably Most stably 0.6
expressed gene expressed gene 0.4 4
0.2

GAPDH RPS18 RPS5 RABTA ARF1

Fig. 3. The standard deviation values of five candidate reference genes in honey bee following seven pesticide treatment under different
treatment conditions, such as different tissues of honey bee treated with pesticides (B), and various treatment time and concentration of
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