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Effect of royal jelly on honeybee learning and memory and
Dnmt3 gene expression
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Abstract [Aim] This study aims to investigate the effect of royal jelly (RJ) on honeybee learning and memory to gain a
greater understanding of the underlying mechanisms of honeybee memory. [Methods] After emergence, queens and workers
were raised in cages and fed 0% RJ, 10% RJ, and 40% RJ dissolved in 30% sucrose. Five days post-emergence we tested their
learning, memory, and odor discrimination using the appetitive olfactory related proboscis extension reflex (PER) paradigm.
Given the critical role of Dnmt3 gene in honeybee acquisition and extinction learning and memory formation, we tested the
Dnmt3 gene expression pattern by real-time quantitative PCR in the brain of queens and workers fed RJ. [Results] Results of
the PER test indicate that learning, memory, and odor discrimination was significantly improved (worker: F;50s=35.29,
P<0.000 1; queen: F;900=8.69, P=0.000 2) in both castes that were fed 40% RJ. However, odor discrimination was higher in
workers compared to queen bees. Gene testing showed that Dnmt3 gene expression was upregulated in worker bees but

downregulated in queen bees following a diet of 40% RJ. Here we provide evidence that a high concentration of RJ can
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improve honeybee cognition and influence the expression pattern of the Dnmt3 gene. [Conclusion] These findings offer

valuable insights into the role of RJ in facilitating honeybee learning and memory.
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MZ5KARET P AESNHE (Williams,
1994) . EEIHLT, —PDIEFEfH A —H
B F R — 2 B M G, LA O T g E
B TR AR AN IR AR, MR PN B KR 4
TARAIE NS YR EF DS TR T
FEIARSE R, T S (R M — A P2 5 0 AR (B
A, 2007) o MEES TEEFEMEME A, A
TR R BRI Dh e R 22 R H K, R B
R EEHNRZ — R EY 2R ( Winston,
1987; Kucharski et al., 2008 ) . MATJEHI, Ti¢
Fifiee 322 DU S R N B, 3 HIRLAIN D)
Hu e F 24 (Y OR IR T S NN B AR T
BEENR T AR AL SR A A A e 0% (Royal jelly,
RI) o PRG0S0 X e i e A e ) i v 1
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We PARMATE I, FEEH 60%-70%7K5)
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0.8%-3.0%4E4E 2 . R AT 2R ( Rembold,
1983; von Planta, 1888; Fang et al., 2010; Collazo
etal., 2021 ), MEHKPEH 20 FAFFIEMNA
LR, Hib 10-32 3 -2-28J5 R ( 10-hydroxy-2-
decenoic Acid, 10-HDA ) &8¢ £ 3% rhoi A 19 J
( Saffet et al., 2022 ), W T3 1 &EH K
82%-90%J& T £ F & 1 ( Major royal jelly
proteins, MRIJPs ) IG5, CLB%E Hkmy
H 9 Ff, 439k MRIP-1-MJRP-9 ( Schmitzova
etal., 1998; Drapeau et al., 2006; Fujita et al.,
2013; Mandacaru et al., 2017 ) . HH', MRIP-1
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DNA H bR s 2 [A] 15 ( Wang et al., 2006 ),
1M Kucharski 55 (2008 ) M2 401 A BEBF 5
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AR, ARFFAEE T 2 F R0 2 M I
Wl (0% RI Fi1 40% R ) HEAJSEEHFSE

14 PERRIE

141 RS TG AMN 5 HiR
W FuE THEFTRE, FELFME%E#HE 1 h
JE TR, IR AR R B, ik
IR A PEANERAE L B8 S I Gong 45 (2019) J7
o FFARE A EEE THETERShE
AT [ ( Proboscis extension reflex, PER )
W, B g R > A 3 s ) e 1
30 Sk B TR0 T 04 0 A RO
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5CAZ kI A TR AR 2D PR EAR S I Gong 5%
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TP A IR SE BUE 1. 5 F 24 h Xt
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151 #mRE SRR AR e
B E R AR 5 d A T e A 0 S OCH: Sk
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FHXS A 5 i IR AR IR % . Dnmit3 i[5 i1 4H
Xf 8 AL ] — K HEAT LU B b . RAEIE E
FEA: (1) P T, RINIH BT (0d);
(2) T, RiC&isBIM: s B H R
KEHEEAZRET (7d); (3) FEEET, BIE
L5 e RIFIT IR IR T (12d); (4) &
e, RN EDRARREE (£9200d ), LAERE
AR e F ot e EREHLRIRLASL, HA 3 M4
AYPRA 3 R, AR 3 5k
B o OR8N BERE TR IO LU, ORI
AR A, BRI 2 - 80 °CUKAR
LB
152 RNA #2E5 cDNA &R H 3 kF—4b
PR M SR B O — DR, O SR IR
N, TS ARG #4201 1 mL Trizol Y 1.5 mL
EP % h, HEEUFEA RNA. BT84l RNA i B
NEVEEEIE (BEMHREE N 1.1% ) LUK PPl RNA 5%
etk EMREREMN (LD-CF60, EER:
FiA7 B2 w] OMISE 0D260/280 {E A1 RNA MR EE{H
&L RNA BE[H 2] DNA ZBg#% I Primer Script RT
Reagent Kit with gDNA Eraser ( Perfect real
time ) (TaKaRa 2AW]) #R{EREMAT, R
%A 10 uL: 5 uL &L RNA, 2 uL Buffer, 1 pL
gDNA Eraser, 2 uL ddH,0. J#%% kRN
20 pL: 10 pL FIREERH BRIV, 4 pL
Buffer, 1 pL PrimerScript RT enzyme mix I, 1 pL
RT enzyme mix, 4 pL ddH,O. J#% 5% b 2544 -
RZRIRA))E, 37 °CRJ¥ 15 min, 85 °CKiF 5's,
4 °CRVL 10 ming SEEFPPIRAET - 20 °Co
153 EMEHXEE PCR fIi/f] Primer 5 X
AT 56 E B PCR 51 Wit , 9t E f A I

BB Y i =AY TRRCKGE A R A A .
SR FH7E 45 W R Ok B v 2R 3R RS I R ST 3
Rps8 £ b M5 W ( Kucharski et al.,
2008 ) o SIWFAH A Dmt3 (5-3")
F-CAGCGATGACCTGCGATCGGCGATA
R-TACAGGGTTTATATCGTTCCGAAC ; Rps8
(5'-3") : F-ACGAGGTGCGAAACTGACTGA,
R-GCACTGTCCAGGTCTACTCGA.,

PWOEE RN ARZ N 25 uL: 2 pL cDNA,
9.5 uL ddH,0, 0.5 uL L¥i#E514%, 0.5 L T 5]
¥r, 12.5 uL SYBR Premix Ex Taq II, B0 A
g-PCR 1¥ ( CFX96, Bio-rad ) 1474 14, q-PCR
KN Z&AF R 95 CHAEE 30 s, 40 PEFR
(95°C 10's, 62 °C 30 s) . ¥ MLEH G
PEATIR IR IZR 30T . 65 CTHE] 95 °C, HTHE
0.5 °CI58 5 s REMES . BAMFHEMER 3 1L,

1.6 HESH

Fi A BE ¥ R O JMP Pro v13.0.0 ( SAS
Institute, USA ) #E1750Mr. FHEE &7 225047
Do BT W2 > 500 Bir A B, IF DU RE R
BEMLRLN , AR 2 e RN, M HERZ
() VESE 5. A0HT o ASIRIAL B 22 [] 2 ) Fiie iz Heds
A FH R il P e Ko AL SR 5 ( The restricted maximum
likelihood method, REML ) MR AR T
MmN 5T, IR Tukey HSD kufiffr
PP EE 3, T Mgl ig TR R IZ T 8] &5 Y Tukey
HSD #56, ¥J7ELL PER IR NS AR HESTT
PR LU s AEARTRI ] Y, A ] e SR vk i Ak 3t
21 2 o) P RV 38 (A 56 X 1 2 B R B P e A
BfR ) #E4T Tukey HSD KGIPII LLEE . %
B TR AR B TR el P e g SRR N R 1) 4 A

( Discrimination index, DI )X} 2% ) Flic {2 34784
My, DI AREAEEME R - 1. 0 3L 1. KBIR
BUE R HE£95% CT (EFIX ) F£R,

2 GBRE59H

21 EHEMES)NEIZ

211 IHEM=ZINEIZ MWEIRERE, 20 F
WSS, T IR 800 ( Trial effect) 25
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Wi (Fs173=30.94, P<0.000 1) (Kl 1: A),
HATRIAL B ( Group ) 2 [B] B &N 25 53 4 (%
( F1.1805=35.29, P<0.000 1) (& 1: A), {HRE%*
2N SRR 5 A [] b B 22 8] A4 58 B A FAS B 4
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(Fy553=28.49, P<0.000 1) (&l 2: A-C), {HR%
ST YNGR 5 A 5] 4b 38 22 Ja) 0 38 FAE AN B
(F4807=0.15, P=0.962 5 ), £ Ao 4541 T IRt
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FARW S T2 SRS 22 = i 2 (P<0.05)
(El2: A-C), HMSKRE, 5 himict a5 mme
Fb 1 Fl 24 h 4, 1 h ici2gs 2 (P<0.05)
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(K 2: A-C). 40% RIT T 5 T8 miC 28508
HH I 10% RI S5 F1 0% R % BEZH A0 1245
REA (P<0.05) (K 2: A-C),

212 HEMFEIBIZ MNEEEEEE, £4
W T A ) RN 25 el B ( Fso1=81.81,
P<0.000 1), HAS[RI4bH 2 18] (R4 0 22 S0 1 3
( F2.900=8.69, P=0.000 2 ), H2=JJlIZkiik 5K
[A] &b B 2 6] 19 22 B AE B 8 ( Fio010=2.67,
P=0.003 2 ), £ LER 5 45 4 e T AR AR AR S
PR 0%, R=0.48, 541 T 2% RGN 225
B (P<0.05) (& 1: B), BMAKE, &5t 40%
RJ A BRI 04 T 2% ] 00 L 0% R 0% RJ IR
R, 58 TA L E BRI 2 ekl
R ANZE 3 w2kl Z ml, 5 0% RJ
X HRALAH L R BARAESS 4 k2T 2
5 6 Nz (K 1: B).

2 0% T IE AL RN 22 R 3 (Fag00=
7.49, P=0.000 6 ), HA[m) b3 22 [a] i 4500 22 S
3% (Fl48=8.76, P=0.000 2 ), {H2>J Il kil ik
EANFAN L Z B )38 BHAE AR (Fy400=1.33,
P=0.258 1), £ HHRJG &A1 T RFIARRR AR AR %
7 0.17%, R=0.41, 25410 Tic 2l SRS il 2 5
B3 (P<0.05)(K 2: D-F), Bi&kH, 1 #M5h
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0.4 ). 4
7 e 0% T3 0% RJ
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£ F Old queen

1 | 1 |
3 4 5 6
YIZRIREL Trial

(=}

{12 (% ) Proportion of PER (%)

B1 fAREERETE (A) FEE (B) WESER
Fig.1 Learning acquisition between workers (A) and queens (B) fed by royal jelly
RI: W PER: (WS, TR, BRI EbriEDR, gk BARA MR 7R Rs 2 55 A 3%
(P=0.05), AEFHFERZEFEFE (P<0.05) ( Tukey HSD 4 ),
RIJ: Royal jelly; PER: Proboscis extension reflex. The same below. Data in the figure are presented as mean+SE.

The same letters above broken lines mean no significant difference (P=0.05), while different letters mean
significant difference (P<0.05) by Tukey HSD test.
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SRl S Taa VN

Test odor New odor

IR BR

Test odor New odor
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B2 Ii (A-C)FEE (D-F) FEZIZEN BTN SR FT KA HEMIER
Fig. 2 Workers (A-C) and queens (D-F) show proportion of PER to test odor and
new odor at the stage of memory test

PR I R R, A RS T RN A R R IR RS, T s E 0 5I7E 1L 5 F1 24 hicfz
R () 2 SRR ILEY Tukey HSD K50 70 Hr 45 2R s /NG T RE R 2R Rl BE e TR AR S, T e i e 1
TE 1, 5 5 24 b ACAZ ARG X R I TR R “UR I3 (1 Tukey HSD K230 Hréti R . P HRAHIR R

ERARE (P=0.05), FHAFRZREREE (P<0.05). &3 [[,
Data in the figure are presented as mean+SE. Histograms with capital letters means Tukey HSD test results of total PER

percent among three memory test time point with workers or queens fed by different concentration of RJ, while small
letters means Tukey HSD test results of PER percent to test odor and new odor between different concentration of RJ

treatments at the same memory test time point. With the same letters mean no significant difference (P=0.05), with
difference letters mean significant difference (P<0.05). The same for Fig. 3.

FICIZ 5 R 0H i e 24 h 4, 40% RT AbFH ) 3% +
S FAEARFERE A (1. 5 F1 24 h) RiZs
FWRIICIZBE S AR HL R K (0% RT)

R H 22 55 AN 2% (P=0.05) (& 2: D-F ),

22 BHEHSKIFAA

221 THERISERPHASN Wi XTS5 HEK K

AR (IECES ) AEHEBEA Bk (1)
Z R RE Sk, L5 ( 10% RI . 40% RJ)
X IR (0% RI) THERBIRTE 5 hidiZril
ISR BRI s T 1 h (P<0.05) (& 3:
A-C), 1M 55 24 hictZmes iR BN 1 2
[ 2ZREARE (P=0.05) (K 3. A-C),

A [ Ab #H 2 ] i SR BETR ) SR R 31
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ot B AR MR T8 S Dnmt3 R 3R 8
FOH B, SR 10% RI 1 40% RJ fa)ME T ¢
) Dnmt3 JEH F ik 2 [ JC i & 22 5% (P>0.05)
(K 4. A)
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W TR S, H Dnmt3 BEPd ek S IR
(0% RJ) AHHE B B AR (P<0.000 1), LL4F,
P b Bt 1 | s R IS T | PR BN TR T
AR A T B B i Sk Dnmit3 2 Rl e 8 1 1
GEIRREE, ZEWIE T Dnmt3 3[R Rk
f, TR, BT T I )
(F35=79.03, P<0.000 1), Hi 53 ¥ Fisg e i
EXE T, H Dnm3 SEHFELEIHE
TR A R U E R % (P<0.05)
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JIRSRFHE I VER . S35k, Tagm2e ) sk
TEE I BT TR &S, R Tl 5
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fl gl P B an /N A3 2] THESE (Zamani et al.,
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1-MRJP 9( Schmitzova et al., 1998; Drapeau et al.,
2006; Fujita et al., 2013; Mandacaru et al., 2017 ),
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N PR A TP EEA N, KR tig S
PRI U R RIESE Y, R EEN
FEPRUANAE T W A B 3REK , 78 1 ik I R EE e
Rty ik, HAETHAREBEIE, £XE
5 H WA B 224k ( Klaudiny et al., 1994;

Kubo et al., 1996; Ohashi €t al., 1997; Kucharski
et al., 1998; Ohashi et al., 2000; Feng et al., 2009;

Ueno et al., 2009 ), Hojo %% (2010) tLAF, T
eIE AT mrjp-1 JEPR SRR R ECT
223 HE J1 B ( Kucharski and Maleszka, 2005;
FIUSENSE, 2021) JF SRR IRIR TR~ > g
TR ZE FAHST (Ichikawa and Sasaki, 2003 ),
BRI, DA 25 502 DR B 8 30 i) —Se i o 5
e F B e )0 OCHE . AR, BT K
AR 2%, T T 22 ST IR i IR A
HIHE T rRZ AL

Z AT R, a2 0 ChE T E
EZET T (Gong et al., 2018 ), #F [ UpiFfk
R I ARE LR B I IR, i S T
WA RAVH I RE T TH A B & 22 5, X — 2= 7R
AT AR FH PR i e T X6 e 20 i e B LA 0 e e
Ot FINATT M RE I B9 M ( Kucharski and
Maleszka, 2005; Hojo et al., 2010; BfiRINEE,
2021 ), AWPSEEERATE R, R4S iR i
WG T RANERE S 2 T RS it g T
[ 84 T B H % 2 AR, HOAfe 128 ik
AN, UE B 8 RO REE = i T2 2] 1012
RETT, IR REME AR HT SR RAFRI M GRE ST, (A
N R TTR AR S B4 o e = PO = -SSRt VA Eop- A

TN IR, BAAME T 5 TRy 2] id1e
REJT AR BRI 44w, (H T Dnmt3 2
R FHFRIE, ¥ TA Dnmt3 FEK B T
ik, RERRHIIE TS T2 HE DNA
H ALK A B A 25 5, i EAR Y Dnmt3
FEPR R IR K 8 K F T8 ( Kucharski et al.,
2008 ), HHELESAA RIS R A BEfE R, X5
T4% Dnmt3 LR R e T o TR EY)
AL T B0 — 2 P AR A N AR A PR B 4
Lockett 45 (2010 ) BF5E & BLFEAK Dnmt3 K 5%
IR W 12 2) B4 RB )1 R RE, 1fi Levenson
55 (2006 ) WFFCUEM]E R Dnmt3 HEP Eik2ik

SR I PKC {55 i& % ( Protein kinase C
signal pathway ) T 4 = 286 112 2110412 o PRI
I, e FRP) Dnmt3 FE R kAl fEd o B 4 H.
AIES 5NN, 8254 K & & A5
P, WEF I Dnmt3 L FAE IS
S PR A B il e F A B W RS By 5 Dnmt3 3k
R ek A, AT S8 T e 30 5 Dnmt3
SR FRE T IHAES . XHFEHE—H R 5E,
Iz /DR E A RNATL TR AR Dnmt3 4 3
ik, EE KA DNA AL AL B0 6 DL
Dnmt3 14 7% 35 JiE 2 e 147K o (HIX —HEWT—
FREE AT DAMAHI T 25 R I et ok, 40% RJI 5L
U e T 580 TR # 2] 2S5 Dnmt3 L%
SRR, HAN, 0% RI XFHRZH 8 F A9 Dnmt3
FERFRE S TR Dnmt3 JE K £k A
M MR T A Dmt3 3 Rk AR,
(AR & M Bt T/ Dnmit3 JEPR 2654 73 9%
A B LT WA

Kucharski 45 (2008 ) [AFGEHIESE H, Fl
FH RNAi fa M+ Al Dnmt3 L PTTER ik, S5
VU 3 Hid/ s v ormEes, fff
Dnmt3 SE A iR IA N 2 S8 g) iU T )y 0] &
. DNA AR R A ML E RIS
Dnmt3 J PR 78 48 g2 2] oA Zad 7 o VR FHAR I
{2 Dnmt3 FEH S 52 21008 i E 4 e B R
g R/ B A4S BIESE ( Kucharski

etal., 2008; Lockett et al., 2010; Biergans €t al.,
2012, 2015; Li et al., 2014; Gong et al., 2018; Shi

et al., 2023 ), 41 Dnmt3 FE K Fe k7K A LA
VG 5 B e fih g v S Ak R US4 5P ( Biergans
etal., 2017 ). Kk, MH4EHLHTBEST LA 5T
SESF AT LAGE—AEHED , DNA H 34k R G5 7E 2 e 2
RUGr b B2 2D e e VAT BRI ST B 71 o

B2, AR T WA e T, AT 35 F
T 2ot W T B L S R AR v U 1 24 DAL
AE I AR FEIRRE 0 o T 0 304 i T g
A EY LI R AR R A S EAEH , R AR
RN W\ AT R BE 1 B AR A L L
NG, ARFFAE R BRI
UERIFZE AN A AR R AL T — 2 (Ao 3L A
1128550 TR W4 45 A ko8 16 O X 0 BE 2 1
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