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Advances in research on epigenetics and caste differentiation
in the honey bee

SHI Yuan-Yuan  WANG Zi-Long ZENG Zhi-Jiang"

(Institute of Honeybee Research, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract The honey bee is a highly eusocial insect. Generally, a healthy colony is made up of a queen, workers and drones.
Despite being genetically identical, the queen and workers show striking differences in morphology, behavior, and lifespan.
Many studies have suggested that the main factor leading to caste differentiation is nutrition, which can cause differential
expression of a large number of genes and proteins between queen and worker larvae. With the development of epigenetics,
there have been new insights into the regulatory mechanisms of gene expression, that is, DNA methylation, and the correlation
between noncoding RNAs regulation and histone acetylation with the regulation of gene expression. These new insights also
provide a new theoretical basis for caste differentiation in the honey bee. This article reviews the progress of epigenetics and
caste differentiation in honey bees.
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YA R o] R A e PRAEA S A .
G, IR R TESE R A 7 S AN A AR A
R TEEEM (BB, 2009 ), HEHRE
AR LA ZE AE R AR ) 2 B, — MR e 1Y
SR e — N B IR AR SRR ) 198 R
T 7 HUT R v B A e e A R, e TN
R RERMAS, MR AP (B
BEAR, 2001; BGEHE, 2009). LATE & Apis
mellifera 4], 1 F 1 TR 245 00 & & 1M
AR AR ARMEEANA, eI A A [ A AL
T, BRTRRXREEAE (BYMAEZR) B
255, MR HUZR T ) 04 A T A 5E 4 AN T
A mRE (5RE %, 1998; BREfk, 2001;
B OBE, 2009; Shietal., 2011; #RJ55%, 2013;
ZECIESE, 2014 ), B TE M TWAEINTIES . &
FARETT . AT A A E R E R (K 1)
(5K 24, 1998; FREXRE, 2001; B4 E044, 2009 ).
et otk R A rh, SRR [R5 A Az IR BE TR
RIW i R I AF MRS A7 N IRRER
MEFRH R, RIS IRR A AT
PRy 28 ML 22 — ( West-Eberhard, 1989; Evans
and Wheeler, 2001; F3C#E, 2013), 2EME
2R FEAE ( Cristino et al., 2006 ).
FNHFTCN UL, A RS LE] AS
SERTERE, (HAAE I T U e N1 4B Y
ARIUE . S R EYRIeR . MR 51
PERR IR e SRl (A Jooc, 2011 ), H AR
A B BB I v VA B DR A 3R T D e R S

Wik, g Rk F L (Hartfelder etal.,
1993; Z<3CUESE, 2014 ); U5 T4 B T 440
A AR A F R #2345 7% ( Evans and Wheeler, 2000;
Hepperle and Hartfelder, 2001 ) F&EHEH (%=
FRFIAEERE, 2010 ); #E K 57 ku BUAREE
1 Royalactin 1 32 #4075 B W 1A 26 B2 A K R 7%
f& ( Epidermal growth factor receptor, Egfr)

E— 25 G S6K Bl , Rk FIRKET ;
Royalactin i# i 0% B Wi 14 Egfr i — 2P0 2 43
HMEFEEIEA MBS ( Mitogen-activated protein
kinase, MAPK ), 4% 1% £ & FHf[E]; Royalactin
A PE N iR Egfr dE R ORGIIER 43K
o, RiEETEINE AT (Kamakura, 2011; 3L
J54E, 20135 ASCIESE, 2014 ), ASCHE A DNA
A . JEgAS RNA R E 1 2L 3 4
TR, S b 86 e R S AR AR DG 53
Bl

1 DNA BREW4WELAE S

DNA H B4k ( DNA methyation ) J&H P9
P55 A DR R A A G B F st AL 2 ML,
B SRR BEAIL S , TR EED 4H b R ER A
W, BRI NG CpG —AZATER A MU E 5
TRAZTE DNA FHBLALHE B Tl R A M W5 g 5Bk 5 72
DNA HIEAL 2 DNA methylation transferase,
Dnmt ) F4E T 456 H S IEA ) o 72, Hirp CpG
2 715 A I8 Y 5 W D % M4 30 ok — A WA I 5 41 A
H: (FEEHSE, 2005 ), SEHEAHE A CpG 1

*k1 BISGTHRER
Table 1 The differences between queen and worker of honey bee

1 F Queen T4 Worker
#)4: F Mass at emergence 178-292 mg 80-120 mg
YR EAFEL Ovarioles 150-180 %% 2-12 %
Z K% Spermatheca H Jc
AEHEE AL IR Pollen basket, Wax glands Tc A
HEFEIH) Sting barbs iB1b H
FHfir Age IEH BN 3-5 4F 13-38d (), 140-180d (%)

&% 7 J54 Development from egg to adult

16d 21d




- 1408 -

o B 31244 Chinese Journal of Applied Entomology 51 %

F BN CpG 5 (CpGisland ), 3 %A T [A
2R — A 27 XS 3 7 X4k . DNA AL
sk A T IS IE Y N-4 7, BRIZES F) N-6 17
5 RIS B N-7 3 1 IE Y C-5 255 ( Bird,
2002; Cheng and Blumenthal, 2008 ), DNA XU
TRESEFA (0 VR N 3 A A R i BRBE AT, 55 DNA
SHEEALS, WHES WS SHEF DNA 4546
HEAAFEMHEN (EEESE, 2005),

VU B RS — RS 3 R S-HTE
ffL % E DNA %% 85 i i #1234 B H( The honeybee
genome sequencing consortium, 2006 ), 437|J&
Dnmtl . Dnmt2 A1 Dnmt3, 50330404502
NZER AL, R PEH = ( Wang et al., 2006;
Barchuk et al., 2007; Elango etal., 2009; Foret
et al., 2009). FFFERWITGE R NINA —E
e DNA AL R4E, HAKN DNA HIEEfL
fi 5 A AL TG PE( Wang et al., 2006; Schaefer and
Lyko, 2007 ). Kucharski % (2008 ) F|f] RNA
THEAR, K RIBEATE )7 % 4 1LY DNA AL
RN (Dnmt3 ) U8R, FEuX L)k
BEA BADN H %% F . Elango %F (2009 ) &
BRPY 7 E WeA py F REAE JE R A  S : — 2L
1) CpG AL IR & LAk, — KA CpG —
A IR & iy, PO S P ik DR ] 138 iy
CpG EEMENAE, Lyko % (2010 ) | & &
DN P B AR 3BT 1 VG 8 e e R il S g R
SEAC M MENE A3 A 0, SE50 R UL Ay H R
JifL s A, T AL RSN B X CpG AT
fR o FRATTFCHT AL A I S 023 (] K 2R 52 0
P B AL ik DNA LA B U B R
TEAHRIAE TR, RGNk F =0, H
3.3 Dnmt3 ST . Dnmt3 mRNA HIXF ik & |
dynactin p62 Jit [ H ALK SF-4R S 25 FRAIK, 4l
KBTI eI AG ; AEARRI A2 Tl B, 34m
e FROR B R, H K Domt3 S M
Dnmt3 mRNA #Xf £k . dynactin p62 Jt[A H
BT HR i R, &l U T R 1 Lo A1)
LR (Shietal., 2011 ), ASPELLF) ST
UE ( MeDIP-seq ) I Fy B A U 31 5 ) %6 - A
mellifera ligustica M ¥ %)) A1 T 9 40 HU ) DNA

BB KN T 20%, DNA AL KO 25 5%
FERAFENBETN 4 HIREY, 448k
BE 4 BB, T4 d B LK TR, T
4y U 34K P 4k2k BT (Shietal., 2013 ), iX
—ZERUFSET 3.5 HIR &4 UL B Y S Ek R 1
( Weaver, 1966 ), KT 4 HH) T ML) HATT
RETF AR B % T .

4545 [ N AIME SR 9 1) 45 S 3R WA 7Y )y 5 e
HHRTER B ML REMERN S LA DNA
H AL, o gl iR A 7 245 A4 IRfBSE
L HELERAT 6 086 N HI AL LD, B KRG
5 854 MHISLLAEA . 5 4 HR%d LA 2.5
JL R L R R AL SE A B, 4 HIRFD 6 H il
41 R P2 RGN E 3 013 ANF1 5 049 A4S HI 3EAE,
FE (3R 2) Al s 2 5 1 Ji R AT RS2 40
HAVF R R RIS =5, ek
o, P RAHBA G MR E T MEAG A B EYIX
Z, MR AKWAL E LK E L. B, B4
4l A LB LRI T S 2 2

2 mircoRNA 54 B4k

TR A R EAZLE b, T AP —2R
Z 5 MUK B A 4 am 36 3 0 9 46 B9 RNA
( Noncoding RNA , ncRNA ), fI §5 small
interfering RNA ( siRNA ), microRNA ( miRNA )
F1 piwi interacting RNA  ( piRNA ) ( Ambros,
2004 ). 3% 3 FHZEAIK/N RNA J3FRETE S 5 HE
FMECXS ) RNA B Y5 A, A siRNA- Fll miRNA
SN IE R [ 5 S BHi%, siRNA il piRNA 1745
Yefa (K& ( Ambros, 2004 ),

miRNA 2 —RBA R RERTIE gAY RNA,
KIELH 20~24 nt, FESHREEFEREKTR
A% ( Ambros, 2004; Bartel, 2005 ), 7EAIMIRZ I,
2 WE A% 2 R e S AR IR B miRNA B SR
( Primary transcripts miRNA, pri-miRNA ) 574
i 60~70 nt & Ik miRNA FifA& pre-miRNA, #&
Jii pre-miRNA §%iz B ANMU T, 7EAZ M2 R i
Dicer fEFIF , #4 HBTUIAL 20~24 nt X% miRNA
4r¥ (He and Hannon, 2004; Filipowicz et al.,
2008 ). XFFAUEE miRNA 43 T454 %) RNA %S
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Table 2 Comparison of methylated genes in queen and worker of Apis mellifera
FE A5 Number of methylated genes RELESR Up-methylated different
SEISRE S, Nj; ber of y & FeR methylated genes
Sample genes Number of different
e T methylated genes e T
Queen larvae Worker larvae Queen larvae ~ Worker larvae
4 R 2 Larvae body
2B 11 736 7 335 7 381 725 50% 50%
2 day old
4 B 11 736 7 355 7 537 3013 30% 70%
4 day old
6 Hift 11 736 7245 7731 5049 10% 90%
6 day old
4 LR A4 Larvae head
4 B — 6 086 2399 18% 82%
4 day old
H 0 SR 414 Adult brain
2.5 JaliRe — 5854 561 44% 56%
2.5 week old

4 U2 AR R U5 A SCRR Shi 55 (2013 )5 4 UK ERZH U B R U5 F SCHIR Foret 5% (2012 ); H B3 ek S AH 28 Hs

S A SCHk Lyko %8 (2010 ),

Data of larvae body are from Shi et al. (2013); Data of larvae head are from Foret et al.( 2012); Data of adult brain are from

Lyko et al. (2010).

TR E 51K ( RNA-induced silencing complex,
RISC) H1, — A5 s sk 1 15 #E 5L A 19 3'UTR
DX ELAMCRT Xy 3 5 AT 2 i i 40 1) 3% ( Wu and
Belasco, 2008 ), 75— % FAGERE % . miRNA H
AAREMRRE M, 76 pH 28, VR, IR
ZFEFEEAT . miRNA A Ff# ; miRNA %
HHLFEFPE, MR miRNA FEA R0 . 44
AR E 2Z 8], BA ALY e 50 AR 45 DI RE 5
miRNA TE A [7] 2H 23 F1 40 M 8] 19 22 38 FRAE AN [A] 5
TR miRNA TEREE AR e B B i e, e
4B A T 1] 5 miRNA AR ——XF N, T2
[ B 5 — 2 S REAR S AR IR A 8 T ( Ambros,
2004; He and Hannon, 2004; Bartel, 2005 ).
1E£L 01 Caenorhabditis elegans . J:ifi Drosophila
melanogaster , W1, 74 7 2 e SR AEMIRN S
2RI K miRNAs( Lee et al., 1993; Weaver et

al., 2007; Wei et al., 2009; [%3¥i, 2011; Greenberg
etal., 2012; Liuetal., 2012 ), H & &MmxEpH
miRNAs 5 H4t 214> T A % VB R , Behura I
Whitfield (2010 ) J% Greenberg %5 (2012) & ¥
A3 6 TR 7 A miRNA 7 P e R 42 1 fix
TBFRIR L 5 T R R AR W v R B 9 FhERA
# 5 miRNA F1 67 ##iJll miRNA ( Liu et al.,
2012 ). Weaver 25 (2007 ) PR3] T % ML K 21
65 ' miRNA, HH 1 A miRNA & &UEEAE
FWe L) A b B P R AR S o Chen
S5 (2010 ) 1 FH e 38 S DU 7 B AR I R [R) R F
W B = RN 267 FP miRNAs , Gl
i 5 A 4 [ M e 4y RN T4 4 U miRNA
FikiE, K ame-mir-14 . ame-mir-750 . ame-mir-
279c F1 ame-bantam 7E 4~5 H &1 £ 1T 440 i
RN R E 7236, ame-mir-14. ame-mir-2796.
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ame-mir-34 . ame-mir-317 F11 ame-mir-375 A] f£=
MR R GG AR R ML, K
& E oAk AL R G R B SRR (BRI, 2012;
AR 2012, 2013 ),

Ko SR UFSE M TR S e R A b G &
HYURR . RS AFEENMEA . ok
Y. Mg, deE R YNGR S AR Y
J5i (DNA, RNA Fl miRNAs) % ( Zengetal.,
2006; FBIAHT, 20105 LI55F, 20135 ZE3CUESE,
2014 ), HA miRNAs XF 4 HUAY & 7 o 01y
YERT CSRmIAT, 20105 2<5Cig4, 2014), Al
435 DR R 8 W e 2 (RO ) Fnpag
B T (fRIFRH IR ) ARSI E] 69 FA 48
FEL A miRNA, LR g 23 Fpks &
miRNAs, HERKNE] 2 FPEES miRNAs, P
it A AT F) 46 FAHIF] miRNAs ( Shietal.,
2012 )0 24 FH 3 1R Ao 52 4 30 ] L ) 2
1 A. mellifera ligustica & HLi, FATAINF] H:
Dl FARNA 618 A~Rikz=F AL, Hi 144 4
FihZRILFZH] T FIA 2T miRNAs
2 (Shietal., 2012 ), X #7214 LK 4 5]
S5 THURRNEIER . BRI 4B 2E4
BT RNA iz 545 2475 ) ( Shietal., 2012 ),

3 HEHZEHHSRE S

R R IR M B4 . Ik —
MEEA RIS, HE U A E A R
A, {115 DNA S5 EMEEG h KR AR g
Y, SREL A e GG S S S A B A S i — 20
PNk (Grunstein, 1997; Struhl, 1998;
Turner, 2000 ). HBARTESELS RS, fA7ET 4
AR BAT = BE RSV, (B HSS I R 328
Al R ABIRAPIRS IS T 2 S5
IEAREL, S TR AR TE T, PR T YL A5
() i S BRANTTERIR S Z Rl 4, X DNA Al
BN o S S Rl i e o 1 8 [ B o 7 S

( Grunstein, 1997; Struhl, 1998; Turner, 2000 ).

A 1 £k (Histone acetylation ) f&2H 5

MBI R F AN R Z —, EREAEN Lt

fiff ( Histone acetyltransferase, HAT ) FIZH & 2
AL ( Histone deacetylase, HDAC ) FL[a]/E
FA B 45 - ( Grunstein, 1997; Struhl, 1998;
Turner, 2000). IEFHEHT, HAEALHA
FIFLH&E /R IRF DNA f# 5, 1A%/ MRS
P ARG RAG, P SR F 5 DNA 456 sk
SRS, WOE SR A Sk . TEARIEAZ N, R
SN TR e = A L g R 4 s ) Bt o 1
( Grunstein, 1997; Struhl, 1998; Turner, 2000 ).
HATSs ¥ ZBEH T A (1) C B RE BI 40 85 1 H3
H4 1) N s A e A 2 R i % 3 |, HDAC {4
EARE R OB, B%E5 A AT DNA,
FEYL ARG, IR A5 5% . HATs
A Ay i B T DR R 4 S DR e S, ORI 400 e )
1, 25 DNA #ifjif&% ; HDACs M| 5414 5
£ FEDIUTER | A FE AN S04k . AR T AR G
( Grunstein, 1997; Struhl, 1998; Turner, 2000 ).
HHErCF AR R, ®EREWN
HDAC i i 38 2 AR /ER , I & i IE
HLf, BE— 2PN SR 418 M DNA Z [ 5] 77,
AR IMAAS IS A2 %, R R R Y R
ik T4 2 £ AR T 4 ) 5] ( Histone
deacetylase inhibitors, HDACi) Hid&&EYLf
R XS 2 A 1 S AL, PR AR A
TR E A B RIS, B Al b sk i T
( Grunstein, 1997; Struhl, 1998; Turner, 2000 ).
Spannhoff 4 (2011 ) JERJ#E EH iy 10-
FHL-2-20%R (10-HDA ) HAHEAE LWk
47 (HDACH) A&7k, Wang 5 (2014)
3 28 25 I 1) 358 R ) e 1)y e ] WRAS ] 5]
) 10-HDA A T MR, B3 P i i 8 2%
CTHALEE 3 HDAC3 L H iR B K- B34 T,
A i 25T B o X SE oY 245 SRR AL 2R 11 4Tk
FEAEL) B R B R i F AR

4 HitERE

I 10 4FRIR, RTEERR ML
SZWATA DR, PR A B R 5 N 248
BRI LR, gk iR T
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B . R AL A 58 T B P T v L
PR R S, IRIFN RR (S
BEAERME— B, LM A2 3 2
PR ER . RATERT L ImA e 6 H i
BRI I i F 4 )R N — 22 miRNAs
( ame-mir-184 , ame-mir2-3 , ame- mir-71 I
ame-mir-927 ) A H 3L K& 4 T kAE, DNA
AL 5 BE R SRR 2 A OC , X Rl RA AR AT B
FETET miRNAs H, Wai2il, 6 HikigE E4)m
RPN ALK TR AY miRNAs, HERAREZ E
FHA, A5 AT BB — 25 Y sl i LA R Y 2R
(Shietal., 2013 ), F3CHE (2013 ) L 45K
WAk 1 VG e ) U RS W] R 2 9 10-HDA
M, &I DNA HELALRG 3 B RIKREE
10-HDA ¥ B2 3 IS ARG T o iX SE45 3R
B] DNA HEAL . JE4wAS RNA SR Il
Wi T Rt G il #2 , (B e Tz a2 anfay
S[R3 B G AR IR A T T — 205
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