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HE. [ B 5T AR L IZ vk Rk 4 22 69 & KA F ¥ Apis mellifera ligustica (8 #R“ E¥”) T#
FIRA TR, FAF oM AN IR %9 1 (major royal jelly protein 1, MRJP1) & B f£ vk ok
AL 2R 04 F ¥ P 2 T MRIPL TRA S B E®FE I sk h, AL EEKLMA RNA T (RNA
inference, RNAQ) 3 A4 Mrjpl 45 0%, IiE MRJP1 £ & Tt it 2 by L ER, [ F
)i 5 R AR EIF Mrjpl A B cDNA A3, 20 F34E 5 &t 5] 4, A J8 T RNAL FE Mipl
B R A 49 dsRNA, 24 dsMrjpl % B THAF AL 22 40 (dsMrjpl JEST4L) 4T dsEGFP %) & 3%
AR A AT R (dsEGFP JE 440 | K )G i i 4% 3 KR ( proboscis extension response, PER) 5 %4}t
BRI F ] Bt S 257, G R %R K Z F PCR(quantitative real-time PCR, qRT-
PCR) #& M iZ 4 dsMrjpl &6 & KA Z ¥ Tk P Mrpl e94ast Rk &, [ 2 R )dsMrpl EH45
dsEGFP Z A E¥ T ¥ F I h 2 F 2 F  dsMrjpl EFAEHE TN F IR EZHAK, F3
Je 2 h, B LML IL A KB % 257, qRT-PCR 2 R 27 Mrjpl 49 % ik KP4 dsMrjpl 24+
LB TN P R FAK T dsEGFP 25140, & OR 5 3] 46 ) FEAK 04 4L 22 20 3 3 i 9 % 2 69 Mijpl & ik
KA AR, [ 4530 ) @i RNAL 44 Z 38 T8 Mpl 2 BAWMRRG LRt F TN TR B EH
Il A2iTI R 2B R EZ 0, RT Mrjpl THRABREESEFIJHEEZARNZ — KFARERA
By TG Bt — % BF 50 F R 98 5 ST AR K B 4T ALE
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Effects of silencing of major royal jelly protein 1 ( Mrjpl) gene by RNAi

on learning and memory in worker bees of Apis mellifera ligustica
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(College of Animal Sciences ( College of Bee Science), Fujian Agriculture and Forestry University,
Fuzhou 350002, China)

Abstract: [ Aim] In the previous studies it was found that the learning ability of Apis mellifera ligustica
worker bees treated with imidacloprid is decreased, and transcriptomic analyses showed that the
expression of major royal jelly protein 1 gene Mrjpl is significantly down-regulated in the brains of bees
treated with imidacloprid, suggesting that MRJP1 may be involved in olfactory learning in honeybees.

This study aims to verify the crucial role of MRJP1 in olfactory learning in A. mellifera ligustica workers
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through silencing Mrjpl by RNA interference ( RNAi). [ Methods] The ¢cDNA sequence of Mrjpl was
obtained by cloning technique and validated by sequencing, and then the sequence was used for designing
primers for generating dsRNA for knockdown of Mrjpl by RNAi. The worker bees of A. mellifera ligustica
injected with dsMrjpl were assigned to the treatment group ( dsMrjpl-injected group) , and those injected
with dsEGFP were assigned to the control group (dsEGFP-injected group). Then, the olfactory learning
and memory abilities of the two groups were compared based on the proboscis extension response ( PER)
assay. Finally, the relative expression level of Mrjpl in the brain of A. mellifera ligustica workers after
injection of dsMrjpl was detected by quantitative real-time PCR ( qRT-PCR). [ Results] There was a
significant difference in the learning ability of A. mellifera ligustica workers between the dsMrjp1-injected
group and the dsEGFP-injected group, with the learning ability of the dsMrjp1-injected group significantly
decreased. However, there was no significant difference in the faculty of memory of A. mellifera ligustica
workers at 2 h after learning between the two groups. The qRT-PCR results showed that the expression
level of Mrjpl in the brain of A. mellifera ligustica workers in the dsMrjp1-injected group was significantly
lower than that in the dsEGFP-injected group, indicating that A. mellifera ligustica workers with
decreased learning ability correspondingly exhibit lower expression level of Mrjpl. [ Conclusion] After
knockdown of Mrjpl by RNAi, the olfactory learning performance of A. mellifera ligustica workers is
significantly decreased, while their memory performance is not significantly affected, suggesting that
Mrjpl is probably one of the key genes regulating learning in A. mellifera ligustica. The results of this
study contribute to further understanding of the molecular mechanism related to olfactory learning in honey
bees.

Key words: Apis mellifera ligustica; major royal jelly protein; RNA interference; olfactory learning;

memory ; proboscis extension response

AR A A S R B L A S A R B
L) H AR ] B P 28 R 58 L) S B B A 220t
(Pahl et al., 2010) , 2T R/ NAIHIA 3R AIA
WIS, R Ry Z2 Rl SR i i A R e, 2 e
T HEAFTEMAS T H W 19 55 82> T, THETEAR H i iy
FENF L HE NI AR, BB —5E H R i
AN R AT 55 ( Johnson, 2010) , 3 F k| Z1 i1 N
PR DL S HRRE e 22 S O[] H e Y T
B RE I AN TA] DT 52 B A W] 7K - 19 TA R RE
(Groh and Rossler, 2020) , IAHIGE S J& 5 i S5 4t 2
P B H AR A L) A= A7 1) BEACRE T, 491 4 >R AR AR
SEASARA IR T3 R ( Zhang et al., 2000) , i i
SR SRR SIAE R SR (Pahl et al., 2010) , LK
BRARICAZARACAE AL 19 B BUE AR (Bitterman et al.,
1983 ; Hori et al., 2006) %5 , 28 5 P 1 I B 1E 5 Bk
JP A A 2T i e 1) 4% o R T A R B OR E £
(Kucharski et al., 1998) , fEEBINHIGE Sy, LT
19 2 I ( proboscis extension response, PER) ) 2
BENLRE S ] )T B TS e ) A K
() i 28 £E BRAL R MBI A W AR A P R 5 3 %o 2

T RG] 520 ( Laloi et al., 2001 ; Matsumoto et

al., 2012; Wu et al., 2017)

I IR S e E R I ) U EE Y, 43 K
TR FAAR KPS PR 8 (Simath, 2001) , 38 K¢
2 e T T B 5 B SR i 0 0, B TS I
U e B A AL /E H (Kimura et al., 1996
Watanabe et al., 1998) , W T (1) 3225 55 o M
T 3 F #H F ( major royal jelly proteins, MRJPs),
MRIPs K% HET M 1EF 9 A~ 61 (MRJPL ~ MRJP9)
MRJPs B2 UIREE 1, FES SEGEAM KE T
HEE S (Buttstedt, et al., 2014) , W5 B, 1
TR ATHE = AR U937 4iififd (Watanabe et al., 1998)
/I BT 200 JHL ) 8 5 3 A< AT AR 3 /N BT 40 i
DNA )4 i ( Kamakura et al., 2001) . Fifi/5 , Majtan
Z£(2010) LR MRJP1 ] LAGE £ 0 4 344 5, 4%
] MRJP1 A BB S 3% v 02 7 40 i 48 4 1) 2 244
¥, EEREMEHE N T RN FEEY,
Horb E A g MRIPL BRI 2 &) Uk & L Y
SR 5 I F (Kamakura, 2011), FIR FEA 1
( major royal jelly protein 1, MRJP1) o # T3¢ /K 7
HHS M 48% (Srisuparbh et al., 2003 ) , J& ¥ T
KM EZEAL T, WHFERV, MRIPL 1E & R A
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ARz BRTEVR B M A A St i R R iR rh R R
IKZ A, A B T e A N A B Mijp1 B 3R
ik ( Drapeau et al., 2006 ; Huang et al., 2012) , [A]H,
MRIP1 A7 %2 36 il 40 ] Bt o 223, 6B MRJP1 AR
Al e LA —Fh i E A L SAFEAE (L et al., 2019)
MRJP1 752 8 il 758 ] BEAE O 245 1 005 10 ) fidh 4 2
LWL eV T e ) R AR M R R R AT O A o AR
hE R E I EE A A FEVER (Tamura et al., 2009)
BEF X MRIP1 FERABFFE & 3L, MRIPT B T HA
W RVESRMESN i HA Z R0 R D RE A AR A 2
B ( Tamura et al., 2009) , 351 GES 5 8 & g 17
o ARTERI T e R ) % 1 e o o) RE IR
TUGERE R W ) R ), A e R I S e ] 5 11
BRI Mrjpl FIRFEAR(Li et al., 2019) , [F]I},
BB ST 4 59 MRIPT A 78 28 86 g 40 194 8 s A v g
PR, BB GRS S g o ] Hac e 2 i
(Kucharski et al., 1998 ) , 32 Nk HL O i 38 %5 54 7Y nEL
W I BE TR R LRI Y Migpl 23K 3%
T J#( Desneux et al., 2007 ; Li et al., 2019)

HATSCT MRJPL 78 2 8% b (19 DI g -5 1 I AF 52
O —E iR, HJE T MRIPL Rk AR ¢ 2] 5
WA R PR B A B DR I RO B SE A 4l . A
J RNA T4 ( RNA interference, RNAi) £ AWt Mrjpl
SR FRTUBR G, FFIE Mjpl 3 ik 5 5 L b
) Z I SE AR ot — Az IR AR U MRJPT ¥ 1E
A WFIRe , 2 2D 1 A AL AR LA TE

1 MR5RAE

1.1 ke

3 B KM B 9% Apis mellifera ligustica ( 8] #%
R ) HUA AR E AR B R AR B (A
Be) SE el IS 4 AN TR SRR A I 1 5k
ARt 3 T8 A 4 AR F=ER e eh et R AR
R R 38 GIRJE 34 = 1°C, #HIXHE B 40% +
10% , I ) , B3R FHAS R) 3066 1) T 28 % WIS s 1)
B T BRI TRRIC , L AR IC 4 d, ARid)E R
W NE TR o | T B SR B 12 H IS IR DA e v i
T IRSEA%
1.2 EiEREE RNA 12E

XF 3 Sk WEREA HEAT AR, RAS R TR
b B3 MIE T 1.5 mL B4, A 700 pL
1) Trizol 2751 F11 9 590 0 2K , 1 2H SR s A3 v 7% 35 F
JEE L R J 4k 2 A 300 L Y Trizol 877, 25 Y

# 10 min; LA 200 pL G475, THER IR 5 d lal 2%
DECHAD A PTEIRIR 5, I ## 3 min J5,4°C
12 000 g &L 15 min; ¥ FVEWELFE R 1.5 mL B0
BLIA 500 L SN R, Z R E 10 min J5,4C
12 000 g&.L> 10 min, FF L3 A 1 mL F¥ 75%
ZWE[ ToK s DEPC =3: 1 (v/v) Bt il ], e 77
UVE, b R #5804 ,4°C 7 400 g B0 5 min, 3
B L BERMUGH R OE E TR TAES PR
T 10 min, THEIIHE; A 30 WL RNA K, &
W37 LK, 55°C & @ b # 5 min, ] H
NanoDrop 2000 #% 82 Bl 2 400 E RNA 1 51 &2 Fil
WePE . 0D,/ 0D, [HAE 1.9 ~2. 1 Z[alf) RNA A&
&, IF T 1% 1 BRI 08 BE IR L Uk A I RNA. [ fife 72
BEET - 80CHRAF
1.3 RNA R¥3RH cDNA

B Jef# A TaKaRa PrimeScript'™ RT Reagent Kit
with gDNA Eraser i 71| & 2 Bk RNA b i) 5& K 4H
DNA , 4% BB 5 72 0K b C ] s TR 3 W, SO A
#: 5 x ¢gDNA Eraser Buffer 2 plL, gDNA Eraser
1 pL, HEHAAWE 3 pL, RNA 1 pg, fEHNA
RNase-Free dH,0 4 & & & b £ 2 10 pL, 42°C
R 2 ming B 5 AR bR RO R AR 22 m A
PrimeScript RT Enzyme Mix I 1 pL, RT Primer Mix
1 pL, 5 x PrimeScript Buffer I 4 wL #1 RNase-Free
dH,0 4 wLiR&%), 37°C M 15 min, 85°C i
5 s J5 4CIRAE
1.4 ER5|4igiting g

i3 NCBI i Mrjpl JEH A9 CDS X, F H]
Primer Premier 5.0 %114 8% FE K 5] 9, 4 RT-
PCR (reverse transcription PCR, RT-PCR) ¥} k75
FEH P B K 654 bp, M5 4R 45 R
(enhanced green fluorescent protein, EGFP) &[5
B I T AR IR A Ry xof RECEE IR 47484 s A 56 1R e 471
K EESH 720 bp, JFH BT 6 895 -7 614 bp,, 7l
YIF s B & 1,
1.5 dsRNA 54k

H cDNA HEAT PCR 8, S W= 1t 1% 35t
EHH BE I VB 4 25, B J5 i 52 Wizard DNA Clean-up
System ( Promega ) 1271 & VI ¢ M Ui glifb J5 | 4 4 38
(4 Mrjpl DR R B s b 3 TURL K pEASY-T3 H Jf:
AR ] G U0 B 45K i 4 PR % AL B Trans1-T1 J&%
SN T8 I B R R F vk o3 B R e O
HAE S AT Mpl B AR B ) 4H BORE Y BHPE B
[ MR PR U6 48 T7 RiboMAX™ Express RNAi ik
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®1 FATFHAIHEER PCR M dsRNA & RIS H1F 31
Table 1 Primers used for qRT-PCR and dsRNA synthesis
GenBank % 3¢5 FEHIRN
HEH S5 -3") Sk _ P,
GenBank Product size
Genes Primer sequences References Use of primers
accession no. (bp)
F. CCTAGCACCATCCACCATGAA Villar and Grozinger,
actin GB44311 87
R: GAAGCAAGAATTGACCCACCAA 2017 FRILEY 1
F: CGTCATATGTTGCCAACTGGT Lourenco et al., Amplification of housekeeping genes
49 GB47227 150
R: TTGAGCACGTTCAACAATGG 2008
F: AAATGCGACAGATTGTGGGT SRR Y4
Mijpl GB14888 654
R: ATCACTTTGAGCGACGGTAC Amplification of target gene
F: CACAGCCCAAGATGGAATTT R PR G
Mijpl GB14888 Wu et al., 2017 213
R: AAGAGGACGCCACTCTTTGA Detection of target gene
F: ATGGTGAGCAAGGGCGAGG Xof HEHE PR 4 3
EGFP MN517551 Lee et al., 2013 720
R: TTACTTGTACAGCTCGTCCATG Amplification of the control gene
F.: TAATACGACTCACTATAGGGCGF
AAAATGCGACAGATTGTGGGT A Mrjpl dsRNA
MrjpliT7 GB14888 654
R: TAATACGACTCACTATAGGGCGA Synthesis of Mrjpl dsRNA
ATCACTTTGAGCGACGGTAC
F. TAATACGACTCACTATAGGGCGAT
GGTGAGCAAGGGCGAGG A B LD dsRNA
EGFPiTT MN517551 Lee et al., 2013 720

R: TAATACGACTCACTATAGGGCGTT
ACTTGTACAGCTCGTCCATG

Synthesis of control gene dsRNA

# & (Promega ) ¥ & Mrjpl B E ORI AN T7 5 3h
THRZH Mrjpl 51T Mrjpl dsRNA &), {4/
MR35, i pGFP K F1 T7 15 3h T A2 1Y
EGFP B1¥14 1, EGFP dsRNA, #H X895 511 B
W1, AHUEAL dsRNA . JTHE dsRNA, [7] 8504
rh# I dsRNA: NaAC =10: 1 (v/v) 014 pL 3 mol/
L NaAC(pH 5.2) , F%M8 dsRNA: SENBE = 1: 1Y L f)
(v/v) 40 wL SR EE A5 EAEVK LCE 5
min, £ NaAc Fl5 N EEUTVENE T 30T ok ; v Uk
DUVE , TR B0 B e RS 10 min , 78 85045 I HR AT
W HETE, 7 L, M EOE A 0.5 mL vkik
L H 70% LB ,13 000 g B0 5 min, WL BREE W
i 5 A, 738 XUHE 22 IR T4 1S min, BRAAR AT
O R % RNA ULTE 53 & 77 7F Nuclease-Free
Water H1, FH 1% Byt B 8 S AG: A dsRNA 119 58 %
P, 9% J5 F Nuclease-Free Water i3t — 5 %% B DA $ 45
RAWTE S we/pl, - 80°C 1A T e STk it S0k,
1.6 RNAi FHBF304a0

PIUEL 12 H R0 T8 N 2 0 sl ke A/ D
FoK L RREE, 75 58 1 — SO AN ) J U SEA T 49, )
FHHLEHAE RS 19 B A A WL 2wl dsRNA (5 pg/
L) MAEEWE R EF 4 — 5 YT T [ R A 2 6 o ok £
oA S R A R LB B S X

W80 dsEGFP FIAL B4 dsMrjpl 43 9VE 5t 60 3k %
W A3 7E 24 h A48 h JE IR AR SR HURE , Z Je AT
qRT-PCR il % 8 21 i Ak PR 20 AE 5 A s 8] 5 19
Mirjpl FHXF 3K &, B e VRSP R, OMEAR &R 2 x
SYBR Premix Ex Taq I 5 pL, PCR Primer(F + R)
(10 pmol/L) 0. 8 pL, ¢cDNA 1 pL, RNase-Free
dH,0 3.2 uL(BI¥fEEWFE 1), qRT-PCR ¥,
95%C 30 s; 95°C 5 s, 60°C 30 s, 40 MEH ; U
fitdhZk. 65°C 55, 95°C 0.5 s,
1.7 dsRNA HyiE5t

dsEGFP F dsMrjp1 9IHL 12 H % T % | 5 25 sk
R—H AR X R A s 3 HER, AP
WS dsMrjpl , X RRZH B dsEGFP, F% % T vk
JRIE , 15 58 W V2 VR R S R AT 5 R R4k
HUS B I 2wl dsRNA (5 pg/pl) ML B
FEFRTF IS 4 — 5 JE 1 (A BRE A B IR P 25 e
SR MRS N E 5z %, G,
FEJE IR PE I By SR A D IR EE 30 = 1°C, AH X B
40% +10% , B ) 16 3% 48 h J5 i R IBEAR 1 25 )
S
1.8 BEEMZSXI
18,1 [T 8 e o 2 e TR ) % [0 2 T
B R TS /NI D, IR UK VS TRRR I
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Top B VR I S BIVIBCHS o 8 06 [ TR il A A,
BSR4, SRUE VIR BE B il 2, b T b
PR UR RN B X B W AT 1 5 T 88 1 7 7 17 5 e o
SBHATEL 5 0 B IR A IR 30 + 1°C, A AR &
40% +10% , 1) H1 2 h,
1.8.2 SKREAEPES 2 . 27 Bitterman 45 (1983)
TR Y 5 0] BRI A T ORI AR R 2% 2] S0 . R
XF50% (w/v) RERHIA A W) B i) e i T 084y
SCYGNF G LG AR B P |- R O AN
[F] A A, 1 - (2R A, CS ) SR K 22 il (AF 2%
PERIE, US) FEXT I 2R (CS + ) , C BEAE R ) Bk,
AN 5K A AR B X (CS - ), #% 8 ABABBABAAB
M ot Sk B e A B EA T S WRIRAB MR 2 2] TR B AR
PE2Eo], RN E TSR TS N 15 s, B
WA 1-T-FE3 s, FH50% (w/v) 7K fih il 2 e foh £ 771
K PERATH; 5 1-LEBANL 1 s 5, Hdd 1-T
W R I 50% (w/v) BEIK 2 s, B s e A T8
W20 s, W — AR AR 2R o] AR BAR
P2 o ) PR O ) B W AN A TR K 2 Sl
BOXT U2, Sk B8 0 R A7 7 b 2 20 156 (B) B oA 10
min, FEFGE A - Rl OB 2 s B[] OISR
WA MY RN, A PER AT NRIIE N + 7,
PER 1T HAYIE R« - 7,5 BAEME2E 2T 0518 C1 -
C5. 5 UK J I 28 0 ~7 B VR R R S8, 2 e R AR
BAFAE - 80°C FH T F—40H7 .
1.8.3 2 hicfZ Mk B T8 5 Yk 2% ) 58 i ik
AE AR R SRS IR 30 + 1°C  AHXHEE 40% +
10% , 2w ) H1,2 h J5 e % w02, 1042k
TR 1 - B SO g Sk B M A 7 R, i SR A AR
o A 1R SR B A W S i, 36 B
FWEXT |- TRERR I CAZ 18 ke + 7 4% 1-
T PSRRI R 3 ) B I, 2 B % 2 e X 1 -
TEESWARRIBICIZ, i h -7, 2 hiddZiiat
S8 U Y 48 06 T B R VR S8, 25 W AR AS A A AE
-80°CHF F—4#r1,
1.9 RT-qPCR IiF

BEHLFHEL 2 h 42X 5 19 dsEGFP 241
dsMrjp1 HFEA cDNA 4% 5 /l\, F A SYBR® Premix
Ex Taq™ Il (TaKaRa) %¢ 3% & PCR a7 & A
AR ER Mrjpl FEPH B AT Rk 2, WS EEH R actin
M pd9, WK ZR . 2 x SYBR Premix Ex Taq Il 5
pL, PCR Primer (F + R) (10 pmol/L) 0. 8 uL,
¢cDNA 1 pL (7E¥ 4 cDNA Rfl FLL1: 35 B,
RNase-Free dH,0 3.2 pL(5I¥EEWE 1), BF.

95°C 30 s; 95°C 5 s, 60°C 30 s, 40 MEM; Ik
fihZe . 65°C 5 s, 95°C 0.5 s,
1.10 FHEDH

FIHH SPSS19. 0 B AR AT B Hls AL B, 30 S xF #R
2 R Ah P2 2 W A XTI 2 (€S + ) 5 AR X I 25
(CS =) Wy %ica 38 43 - 5 6 56 43 B Ak 32 55 %
MEZH 2 i R AR 27 2] 51012 2 5 . RT-qPCR S ik
BHERE actin F1 rpa9 1E R NS HE I 19 )L
TS E T — HAR L B9 Ct {H ( Lourenco et al.,
2008 ; Villar and Grozinger, 2017) , 3158 A Ct (I3
FEAR) =Ct( BAR) - Ct(NZ), ACL(IREFEAR) =
Ct(HUE) - Ct( B s IREREA B A Ct I3 — 3k
FEARIACHE, B A ACEt= ACt(INRFEAR ) - ACt
(RHEREA) JFHXT AR =27 22% ) RIS A A

o KR4 X W 281 5 Aok B2 = i) 5 PR AR o 5 36 ik 24
%‘E%Tﬁo
2 H#R

2.1 dsRNA FHF%L

W qRT-PCR #5024 h F148 h 54> [f] 5
DUBRECR . 25 BoR, J 4T 24 h )5 dsMrjpl T4k
SO 75T 48 h 5 dsMipl 76 58 We 1R P & 1%
EH, 5 dsEGFP 1 5 4 At , dsMmjpl 3 5 4 1Y
Mrjpl AN AR BE T (E 1), FI, S5t
J5i 48 h VER dsMijpl PR fe B S g B ] i - a0
BV CE G LTS

81 m dsEGFP e

dsMmpl

Mrjp RIS 35
Relative expresion level of Mrjp1

L.

24 48
SR TR 18] ()
Treatment time
1 BRI T8I dsMijpl 19 RNA TR
Fig. 1 Efficiency of RNA interference with dsMrjpl
in Apis mellifera ligustica workers over time
FE RS R R TR R — AL HA ) 55 dsMjpl FESTALS dsEGFP i
HHH (CK) 8] Mipl FOARXS Fak i 2 ST REAS ¢ K00 22 S b 1B

(P <0.01), Double asterisk above bar indicates extremely significant

difference in the relative expression level of Mrjpl between the
dsMrjpl -injected group and the dsEGFP-injected group ( CK) at the

same treatment time point by independent samples ¢-test (P <0.01).
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2.2 RNAi Lk Mrjpl 3T E SR SIS0
PR b ELL A 12 H S8 0 5 dsEGFP (%)
HEZH ) A1 dsMijpl (RbFHAE ) 48 h J5 A6 ) 5 e 2 2] g
J1, 76 5 WA M2 2 )R 25 R 2 firs . X
PR FIAL B S e AE 5 IRIEEXTIINZR (CS + ) T, AR
2 Wl ZRTFIh %o B B W 1 27 2T B 1L T dsMimpl
21 e AU ZR ORI BG I, T 20 S 0 (1) 2 2T g ) 25
SR, FEH 3 -5 WIlZR(C3 - C5) W, X R4
(n =69) W) KI5 %K 67% ~T0% , { B4 (n =
79) MW RN H K 48% ~ 50% , W 2H 2 > 45 AEAE
BEMER(C3, X’ =4.441, P<0.05; C4: x° =
5.369, P<0.05; C5: x> =5.244, P<0.05) , 455
FE RNAG ULER Mrjpl %o 28 W2 2] 7= AL S 52

E 1001 4sEGrP

g dsMrjpl

§ 20 % o %
560
=g
XE
Ll

% 20

=

f=]

£ ,Lm

1st 2nd 3rd 4th 5th

22V
Learning trials

B2 48 hG dsMrjpl X ) 28 8 T 82 > Y54 i)
Fig. 2 Effects of dsMrjpl on learning in Apis mellifera
ligustica workers at 48 h after injection
BASFRTEHRE 3 -5 WAET I dsMrpl TEH AT dsEGFP 151
2 (CK) AR RN R4 x* Kigh 22 3 B3 (P <0.05) . Single asterisk
indicates that the proboscis extension response rates from the 3rd to the
5th learning experiments are significantly different by x” test between the

dsMrjpl-injected group and the dsEGFP-injected group (CK).

2.3 RNAi T2 Mrjpl 3T E 12 IZ IS 0H

RNAi JIER Mrjpl X & 012 rg 52 45 5 an &l 3
B, %20 2 h 5, dsMipl 13 5 25 %8 i o %44 3 38
(1-TREAH) I AR W) B %6 L dsEGFP T 3T 41 i
K, dsMrjpl 4 (n =66) 12 LR KN 55% ,
dsEGFP {ESTA (n =59) 212 % 66% , dsMrjpl
B 2 h iCAZ8 RART dsEGFP TEST B P 2
2% S AREZE (x> =0.758, P >0.05), B RNAi Ji
2R Mrjpl & WAL AT i R
2.4 RT-qPCR I%1iE % 8 i &8 Mrjpl EE R R
7KF

P27 2] I B 5 W VR R R BB IS, L R Mip
FRF R IATE T, R WK 4, 2R ERY
dsEGFP {51400 Mrjpl FEIR AR X 26 15 1 g v

=T dsMrpl FSFHH Mrjpl FERAIXT R IR (P <
0.05) , i — 0 UF W3 3k ) 2 06 1R N 0 53 dsMijpl
J& BN T Mrjpl JER 255, BRI T Mrjpl 3
PR 7 285 0 il e ) R X 3 o, DT T o) B e 2 o

100 -
80
60

40 +

) 2 (%)
Proboscis extension response rate

20

dsEGFP

dsMmpl

B3 4 dsMrpl 1 dsEGFP 48 h &
REIOR B T 0 2 b ACAZ I LR
Fig. 3  Comparison of 2 h memory in Apis mellifera ligustica
workers at 48 h after injection with dsMrpl and dsEGFP

*
0.8

0.6
04}

02} ]

Mrgp VRS ek it
Relative expresion level of Mrjpl

dsEGFP dsMmpl

B4 5 dsMrjpl F1 dsEGFP 48 h J52:>] 2 h ()
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Fig. 4 Relative expression levels of Mrjpl in brains of
Apis mellifera ligustica workers learning for 2 h at 48 h
after injection with dsMrjpl and dsEGFP
FEERSRIR Mpl AR R IE B AE dsEGFP 1 4141 (CK) i
dsMmpl VEFTA M i Pk f A BEHEZEF (P <0.05),
Single asterisk above bar indicates significant difference in the relative
expression level of Mijpl between the dsMrjpl-injected group and the
dsEGFP-injected group ( CK) by independent samples t-test (P <
0.05).
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1, TR 2 R P AS ] DX A TR R B ik, e
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