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B E [HW) XEBESHEPRERE Apis cerana cerana H BB SR EBRITHAKRTHEXNEERR,
[535] HET s P4 EE  HIXREHETBRAREE  ATBIXNTAER PCRUMBEHERNEE
IR mrjps, Ache, CSP3 % 22 NERMKRBHITT 24, [ER] ZRERRBA : myp3. mrjp7,
Ache, LOC406142, Hbg3. Mblk-1, Ef-la-fl, TpnCllla, Wat, Ant EREHERNRERDREERRK
S & (P<0.01), mrjpl, mrjp2, mrjp4, LOC406114, CSP3, Dopl, Jhe, Oal, Per, TpnT ERER B &
MREBFREIEREE (0.01<P<0.05), mrp6, obp3 EREHERINXERPRIEIEZERFEE
(P>0.05)% (&)Y mrjp3, mrjp7, Ache, LOC406142, Hbg3, Mblk-1, Ef-la-fl, TpnCllla, Wat, Ant,
mrjpl, mrjp2, mrjp4, LOC406114, CSP3, Dopl, Jhe, Oal, Per, TpnT XERFEFESENERRT
RSP ERHEREREBRNITHART AR AMBNE RN BRINEF AR ERERTHETHE
REEK,
XA WEE, RER  INKHKEERPCR, REER

Analysis of differentially expressed genes associated with the
behavioral transition between nurses and
foragers in Apis cerana cerana
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Abstract [Objectives] To find important genes associated with the behavioral transition between nurses and foragers in the
honeybee Apis cerana cerana. [Methods] Total RNA was extracted from nurses and foragers of eight colonies of 4. cerana
cerana. Real-time Quantitative Reverse Transcription Polymerase Chain (RT-qPCR) was used to detect differences in genes
between nurses and foragers. [Results] The results revealed that the expression of the mrjp3, mrjp7, Ache, LOC406142,

Hbg3, Mblk-1, Ef-1a-fl, TpnCIlla, Wat and Ant genes were significantly different between nurses and foragers (P<0.01). The
mrjpl, mrjp2, mrjp4, LOC406114, CSP3, Dopl, Jhe, Oal, Per and TpnT were also differentially expressed between nurses
and foragers but the difference was less significant (P<0.05). The mrjp6 and obp3 genes were not differentially expressed
(P>0.05). [Conclusions] Differentially expressed genes may play an important role in the behavioral transition between

nurses and foragers and identifying such genes may improve our understanding of the mechanism of behavioral transition in
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worker bees.

Key words nurses, foragers, Real-time Quantitative Reverse Transcription Polymerase Chain, differential expression

ERRHSMER  BEERNTRED,
ERFEEH  BPCHE 23 AN, TENSE
ERIHE, MAREE, HRE , X—HHNE
BMAEEE  ETRN 1~3 AR, BBTH
RAERT AETENEEANRETHE XN
RVEEH I RESE, BRXMINEHE B REN
THEETERGLEETE. AR, TBEE
MHE, MBEHENBERRESFRERTX
(FEXIEF , 2010 )

TH1T R BEE TR AL B B R REE
BN EENFREEREME R T XTI, #F
RERP ERETHRALERFEEEEN
£ LNTZTN, XETLBEBEREKE,
I LEMRMEN, MENERNRES,
B AANYRESZEEFROTMEL ,
BEHXMARAYREERZEEELMERIN
KK, THHNERTERAKHXE ( Alaux et al.
2009 ) HREH , ROBENTHARSHEER
EHRR. REBRYHBESEHESTHS
¥ XEARPHEZNERTHRBRNEE
( Jassim et al. , 2000 ; Elekonich et al. , 2001 ;
Bloch et al. , 2002 )

EERRARNM - —IMREEHRNTE
BERITHSTITAINHERF. EERENEGEL
FERENMELNREEXRNBNBRE
( Beshers et al. ,2001 )}y EANEHEHENE
BRBHENERAE ME2X LAy REEN
BHEMBERTE (Bloch er al , 2001 ), Xif
BT per 2R ( RIHER ) FIFREMFIZATEER
T X TITHEE,

ZEEHE - N EENHELRER BT
FIEHIRBE S S BE D ( Shapira et al. , 2001 ) 7E
ERTARBRIES HINEH ZBABREENE
MW X —ERIEE Z BB AT AR 0%
BT HH R 5N ZBEIE TR BS A% 7k ff Z BEAE
Bl | EH AL HE T 2 0 SR SR MR R BT 2 BERERRE MK T
HEE, Rz  HRERALEEH M —LF
Bl oSBT, - BEBEBNSERERNEHS
BAENKEMHZERERA M ERNHRES
£ RYHER, EL&R. ZHERNSHRHE
BANMERERRE , REZEKBE 39%
mRNA HELKEZMEENXHPHENTHE
BB E I R EMNTTR( Whitefield et al. 2003 ),
BN R K ERE PCR ATLABEE 3t R &£ 1%
MBI AR BERNRETER  ATH#
W PR B R AT RE D WX TP IT AR A
ET KB RNA THERRKMBINEERIE |, & H
FMERTARTHER FEFTRREHER
.

1 MP5EFE
1.1 SEHE

L1l K%Y HERANPEZERHZTH
Rl K820 e KR s 7 R4, BEALIEER
8 NEBRAEE  REBNISF  £RENER
MAREMRBET M ERLDRENESR ; HER
BYERAE © PR AR |, 235 2 X R AV R A
FERBAFTRES , KRR RAERAEX
RIEVEFEH 2dJ5  REEEEREFLERN
Hig, RENEBXERBIBRAREPRE,

1.1.2 ®F RNAiso Plus, PrimeScript“RT
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regent Kit (Perfect Real Time), SYBR"® Premix Ex
Taq"™ ( TilRNaseH plus) ¥ F TaKaRa E4£ 4]

ALK
12 SR

1.2.1 & RNA BRE FESALIFETHRA
Wk IMARE |, A E RS LS R B
MR , AR/FIEEB RNAiso Plus B IERBE % B3R
BENMNEENE RNA. REBENE RNA A
NanoDrop2000 % X FEiTME , A260/A280 :
1.8~2.2 , HEWHA , HiEZHE RNA WIRE,

1.2.2 ¢DNA AR RBREFESHEME RNA /R
B, IEMMEHE RNA HITHR |, FRAH

RERN 400 ng/uL EH. REFAERRN 10 uL 4K
% :5x Prime Script” Buffer(for Real Time) 2 pL ;
Prime Script*RT Enzyme Mix 1 0.5 pL ; OligodT
Primer(50 pmol/L) 0.5 pL ; Random 6 mers(100
umol/L 0.5 puL ; Total RNA 1 uL ; RNase Free
dH20 5.5 uLe REFRMFH:37°C 15 min( &
BRNM ), 85C 5 s ( REFBRIRERLN )
PRIGEI=4IED AN cDNA , BT - 20CREE M.
1.2.3 5#&it ZEXE (Liveral , 2011),
HRHE NCBI MK cDNA FII#1TiR1T514 |5
VMHRETEYIRERLAEK,

®1 EERLEE PCR5IHFT
Table 1 Primer sequences used for real-time RT-PCR

214 315 (5-3) BARE (°C)
Primers Primer sequence (5'-3") Annealing temperature
mrjpl F:TATTCCATTGCTTCGTTACTCG 54
R:TCTTGTCTTCTTTCATCGCTACC
mrjp2 F:AACTGTACCTGTATGTGCTCCAAA 55
R:TATAGCTTGAACAGCCAAAGACAC
mrjp3 F:CCTCTTCTTTCTCACGGTTTGT 55
R:GTTCATTCACGCAGGCAATAC
mrjp4 F:AATGGTTGCTGTTGATGGTATG 55
R:CTTGCCTCCTTTCGTCGTTAT
mrjp6 F:TACAGCCCTCTCACTTCTCACA 55
R:CGACATTACTTTAGCAGACGATTG
mrjp7 F:AATGACGGTTGAAGGTGAAAGT 53
R:TTTAGCGGTTGTTTGAGTGTTG
Ache F:GGTATCTTCCTTCCCAAGCATC 57
R:GTTCCCTCGTTCTCGTTGTTAC
Ant F:CTATCGTGCTGCCTATTTTGGT 55
R:CATTGCCACCTTCTGTCTTGTA
LOC406114 F:GATTACGGGAACGAGGCTATCT 55

R:CCCAGTTTACCAACCATTTCAG

Hbg3 F:CAGTTTCTGCTGGATTTTCCTC 53
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R:CGAGTTCTTGTCCTTCTTTTCA

CSP3 F:TGATGGATGAAGGAAGATGC 52
R:CTTGTCTGGGTCGTATTTGTTG
Dopl F:ATCGCTGTAGTGTGGTTGCTC 55
R:GGATGTTCTTCTTTGCTATCGTC
LOC406142 F:ATCGTGTTGGTTCTCTTCTGTG 55
R:CGTCTCCTGTCATTCCATTCTT
Jhe F:TTCCTTATGCGTTACCTCCAGT 55
R:ATACAGACAATCTTCGGCACCT
Oal F:GCCAACTAAAATGCGAGAGC 54
R:ATAGACAGCGAGTATCACGAGCAC
#4321 (Table 1 continued)
519 51915 (5-3") BAEBE (°C)
Primers Primer sequence (5'-3") Annealing temperature
Obp3 F:CCATCGTCATCCTACTTTTCAC 53
R:TTATCGTTCATCAGAGCCAATC
Per F:CGGGATACAGAACGGAGACTAC 55
R:ACACTTCCTCGCTAATGTTGGT
Mblkl F:AACACCAAATACGACCCAAAAC 53
R:CAACAGAGCCTTCTCCACTTCT
Ef-la-f1 F:GCTCTTCGTTTACCGCTTCAG 55
R:TAACCACGCCTCAACTCTTTC
TpnCllla F:GCCCGATTCTTAGTGGAGGA 57
R:GTTATGTAGCCGTTCCCTTCC
TpnT F:AAAGAGCAAGCGAGCAAGAAG 55
R:CGGTCTCCAGTTTGACTATGG
Wat F:-TTCTACTGGTTTTCACAGTTCTGG 55
R:CATTGCTACCGCTTGCCTAATA
B-actin F:TGCCAACACTGTCCTTTCTG 53

R:AGAATTGACCCACCAATCCA

BERETENSIYWHRIBERRE,
1.2.5 DNA FAE¥ESIESHRIk TBE BIXZEMWA
W (10x ) BELE : fF 108 g Tris W&, 55 g HHES.
40 mL 0.5 mol/L EDTA MOAE| 1 000 mL B E
WAET pHE S0, EEZE 1000 mLo

T F N ERAERER R M AR 0.5<TBE B

124 PCR PCR RRI{E3R TaKaRa Taq (5U/uL)
0.25 pL; 10xPCR Buffer (mg”* Plus) 5 puL; dNTP
Mixtre (% 2.5 mmol/L) 4 pL ; 4 DNA 1 pL ;

5% ( £¥) 1uL ;5% (i) 1ul; K&
FEEBKME 50 uLo RAZMH 94°C 5min ( 94°C
30s, 60C 30s, 72°C 1 min) 35 MNEH., EX
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KE PR EBIKESR , 7 5 uL B9 Loading Buffer
F0A 1 uL PCR ¥, AR5 3 MARMEA
R EMEAARINA Marker , RABIRERE 100
vV, FREX , FERBEZRY 2/3 &4 , B
B, MR GR SRR,
1.2.6 ERTEHXEE PCR B f-actin AASE
MEMERKEE RNER SYBR® Premix Ex
Taq™10.0 puL ; PCR Forward Primer (10 pmol/L)
0.4 uL ; PCR Reverse Primer (10 pumol/L)0.4 pL ;
ROX Referece Dye 0.4 uL ; DNA BHR 2.0 pL ;
dH,O (KRB 7K) 6.8 uL ; Total 20.0 pLo A E
SRIGEKLEEE, BMEERREINES M
MHERRERMES R,

ML E PCR T BIRAERE SR 1 WE
f&H 1 195°C 30s; 5P 2: PCR R f&ER :
95°C 5s;60°C30s; T3 : r ALK D HT.

2 BRESH
21 ERFEAEEEWEEMREESTR
iL5rHR

BYXERRHELEE PCR T mrpl.
mrjp2. mrjp3. mrjp4. mrjp6. mrjp7 EHBE
MRELPHREER LR B 1 RKA mrpl.
mrjp2. mrjp3. mrjp4. mrjp7 EH B EHHRE
ERMSTERER., mrpl, mrjp2, mrjp4 EHB
BHNXEBRPREEZEREE , mrjp3, mrjp7 EH
BEDHMXEETREEZERNEE | mrjps EH
BiARXEBEIREIERFES,

1 "B ¥ Nurses
m CREEME Foragers ok

40
30
20 A

10

A om A R

» ¥ o) X o A
9 Q Q $ Q Q
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Relative expression level

1 ZIREOEFREHEERMREEDHRIL
Fig.1 The relative expression level of mrjps in
foragers and nurses

BHERETHEFHELINER, HYHARTESR
EF 6 HiARKERREE, TEHE.

The values are shown as mean *SE, while histograms with

“*” and “**” indicate that the mean are significantly
different at the 0.05 and 0.01 level, respectively.

22 SEBETHEXHEEEWEEMREESD
HRIE S

B R HER PCR DM T Ache, Ant,
LOC406114, LOC406142, Hbg3 B EM=E
ERPHREBR. EFR (E2) KA, Ache,
LOC406114, LOC406142, Hbg3 TEREERHN
REIEHSTHEE 6 Hhel WREEEXREE
FRREEEZSTHEHMER, Ache, Ant,
LOC406142, Hbg3 EHERMREBPRIKAE
FIMEE LOCA06114 EHE EMREB P RIEK
2.3 EREHEEAEXNEREMREEFXR
P ORIE S

B KA K E R PCR 54 T CSP3, Per,
TpnCllla, TpnT, Obp3 HEHBEFMEEEHH
FRIKERE R B 3 5k CSP3, Per, TpnCllla,
TpnT, Obp3 EREBHPHRIKEFTSTHEE,
CSP3, Per, TpnT EREBNHEEHRIKE
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FEFE , TpnCllla EREBINHBEEPRIKE
FMEE, Op3 EXEBRNHERPRAIER
TEE,
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2 Ache, Ant, LOC406142, LOC406114, Hbg3 Tt
HBEMREEPHREA
Fig.2 The relative expression level of Ache, Ant,
LOC406142, LOC406114 and Hbg3 in foragers and nurses

24 ERZETBHINEEIERHFENRERE
I RIE DT

B KRN EE PCR B4 T Dopl, Jhe,
Oal, Mblk-1, Ef-la-fl, Wat EH BB MERE
BHRRNREER. ER (B 4) XA, Dopl,
Oal, Mblk-1, Ef-la-fl ERXEBFHNREES
THBEE Jhe, Wat EHEBRPHNREESTX
54, Dopl. Jhe, Oal ERXEBRNHEE PR
KEREE , Mblk-1, Ef-la-fl, Wat TEREEF
HEBRPREERMHAEE,

3 g
30 ERFEREHR

HEBRTENEUHRMEEHE  XHE , @
BRIRBALE ERD I RN IR
(MR, 2012 ) BEEBHEMER , HBRTRA
BRd MEFREK HEBFHRMNBEAX

STk  ERTRESR It UREZEME
HERNEIREAERNNKREIES TRER, B
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Fig.3 The relative expression level of CSP3, Per,
TpnCllla, TpnT and Obp3 in foragers and nurses
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BEFMREEPHRIA
Fig.4 The relative expression level of Dopl, Jhe, Oal,
Mblk-1, Ef-1a-fI and Wat in foragers and nurses

MNERZBBBERIUUKR  EREQNERMIIEE
—BEWME (Anja er al. , 2013 ) BHIRE
mrjipl WHBRNERZ | mrjpl REZEBNIHEE
FRLEBRIFM ( Masaru et al. , 2010 ; Takeshi
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et al. ,2011), B2 , BBNZE mrjp6 EREE
PHRAERS . X F mrjps hREFHRE B 513k
RZH  AUX—EREMNXENERR X
BEATHART—THHARER.

32 HETHREMEXNER

ZHIEMRRKRA For EREBRMIBPREL
HEEE , B PKG B BEIEFBERIFT
X 714t 47 ( Markus and Rricarda ,2013 % For
B RE B 88 1 2 A 2 5 I8 B 3R 52 13X &
SEF, BRX R EIETRRAHE, EYER (2
B, EAR METRHIETERR LA Huber ,
2005 )o E1EL I DA ( ZEB M Dpamine ),
OA(EA& MR Octopamine) iy = E & B R AV 18 0
migm EhEXREETIRVISESRENEY
B, REBNBHNEARNSECREEKTLRE
BEE RPHTUESEEEABETIRETA
B HATIEE ( Wagener-Hulme et al. , 1999 )
EXBRNAREREZANRELERTEYE,
Schulz £ ( 2002 ) FFZEUEBA R 4B E A T HE 2]
SRV EERBEERNESERKEEAN,
Jhe BERGHREMO SR , RYOBEBIBE
BOKFRRGBZE T FRAK IR ARG BER A K
F. 2HEREROLRPOROFARNESEME
FIEH BRI NI A0 ( Jassim et al. , 2000 ; Li
et al. , 2013 ) XWMIMAREREFEERHARHN
SR ((HERKIH e WREEBLRERT )
TEME. B/, ERELAFALTNAMA L9
AWM S EEZF I MBI ZIHERX ( Menzel ,
2001 ), HBEEERITHANAR , REEPEI
MRXWER Mblk-1 RIEEEHE THEE,

33 SEMERHEXHER
RN, AERELLEN EEREEN

X3 MK ILEYREEN TREEERLE
BILNBEX-FHIIBPESEENEH
( Jantanart et al. , 2006 ), Ohashi ( 1999 ) #iff 3¢
RE , BmACEMRENIX 3 HE , EREE
HTRAREBERE MEBEFEPEEXR
Ko FIATHEBESHMEXNER LOC106142,
LOC406114 R Hbg3 EREBRPRIESTH
B,

3.4 ABEBRER

MEER C RANLEBEHESYIHN—
MNIE MAGED THL LGN EBENNE
ERF. REE— X UTLND IR REREZ
RENTHLMEZERNANRNIE B EEE
AMAGBER T tLiERE 2Tt ( Marie et al. ,
2010 ) TpnCllla 25 T7THRERESERE , %8
BEEREHPTHS ITMNTREX (Ament
etal., 2008 ) BR&ZR(E5 @R W LAEMEAH
C' Al BEBEE XEXRERTEME.
ERMNERS | TpnCllla, TpnT EFRERHHR
FELHEES  AURMNTUHEN  BARE
BFrENBAERETHE HILANEERES
EE—ERELSTEEANEHEIENE
B,

3.5 CZELREFRESFN Period 2R

Shapira F(2001) XK INEFHF D  KEEKIZ
BEAETR B SE M L B K 20% ~65% , BR
[E B 6% B B SRR HE B X T IR P SAHE
CEHEHEEEEREBRNRELRER. BF
MEER , REBFRH Ache RIEBEETHER
(B 2) ZEIEMRIEH , EXEHXNZE
B B Y 5E M EBEE Ache mMRNA EEMEREM
BBRIE AHRNEREREE PN Z B ABH N
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EMETHEYR , AAREREZME, Por 2
SEBRRATHNHNER. BEBELEANERH
BIF,SEHENERAE K MREENEHR
MERETE MAITHENXRRATRENZEERER
#) Per ERMTRIEZE R, Bloch & (2001 ) &KI;
THMEH Per BB FHKFEEHFREER
FIMXR , RN EBEENREME Per
mRNA EEHEEER, AHARNERER X
EEPH PormRNA EEEEZESTHEE A
HEA Por ERSEBRBRTTETANEX, BR,
FERYUNIRE —SHRE. BH  EEHARER
B % B RR MY 2 B W RS 5 00 Al 6 A o4 B R Y Rk
( Guy and Avital , 2007 ) RZFENHARER
R, FRAMESEZHT |, Per M Ache BERFIIR
BHRRERHUBN , TENEBRFRIENTF
% BN EEMNEETAMRETHX—HETR
BEEHXR,

3.6 HihEH

Obp3 ERFERFNR[KLESER , 5
NBRFHFRRE orp3 BREEHHNIER
(BR#D , 2013 ), ARG RE RHEBRMRE
BRAERTLEE B o3 ERTRESER
ZITANEEXRTAK, A BERETERT
ADP/ATP #{ul§ , MiZERZE W B # MM &K
FEHESTRER HHHEEMITEERR
R MEEBRNEIRRER  TEBETHE
¥ RN EDAY ERARESN SN B PTIE BT | B HEN A T
BB —SERIEA, CSP3 M War BREH T
fARMWEANER, CSP3 EXE®RPNE
ZRES M EHEBTHRIES , XEE
MITHLEHERERR , MANEANZESR
B WaWEARIDEETER  HEBRNRXES
R R RN TR B R FAARIAT

FHAANERERETIREAER, SHEZME
XHNERURERHBERSEZBRLIEHE
EEENRBER. BREBZAINHRE , RAIOTHEN
H mripl, Oal, Dopl LAR Hbg3 EE K EBAIHE
S4B HERNREENTARTEEY
XK, BTR , RNTULEEZHNTHE B
& RNA FHRERRBIIELERR |, #—5H
NEXEERRTRYMERNXTPITART,
B E SRR IR AR KR
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