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Advancesin research on the major factorsresponsible for
honeybee cast differentiation
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(1. Honeybee Research Institute, Jiangxi Agricultural University, Nanchang 330045, China;
2. Jiangxi Province Key Laboratory of Honeybee Biology and Beekeeping, Nanchang 330045, China)

Abstract Cast differentiation allows individuals with the same genome to develop different morphology and behavioral
characteristics. Honeybee queens and workers have essentially the same genome, but develop distinctly different morphology,
physiology, roles within the colony and life span, due to differences in nutrition and brood cell size during larval development.
The major factors underlying cast differentiation remain unclear. This article reviews progress in research on the main factors
affecting caste differentiation in honey bees, including nutrition, developmental space, protein expression, gene expression,
methylation, and hormone regulation, and suggests directions for future research.
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( B 5, 2023 ),

et o durh 9008 o3 Ab 2 F8 1 51 A )
AR, ([HEMMIEAS . BEEMIT AR, %
LN @MU&@%%#’%‘K@T&@%%%%, %
R At SV R s Bl A Al 4y T RIS 8l o T
O 4 W) % Fal ( Robinson and Barron,
2017 ), WL R oAk A 1 22 A AR st AL
RIELZFEHERRBERT, gfjﬁiﬁ‘&‘}_ﬂl‘l‘?%
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A B) B S 22 AR (R R, 2020 ),

W F RN T A 2 R A2 B R B TR A
Wi, ey e emE, B TEAEL
BRI EYERMETSHESR, Gl T E
IS LR B3, i HAEARM . Ham
o025 )7 AR AR (Evans and Wheeler, 1999,
2001; Heet al., 2017; Wei et al., 2019 ), # T 14}
A TG, REY . HA/NF 35 HIR T
e ] R B ST, KF 3.5 Hid Tiegi it 2
RERE A PR MEYE 2 % (Weaver, 1957, 1966;
de Wilde and Beetsma, 1982 ), X il 3.5 H iy /&
BN oA B SR [A] 5 . ASCNEYIE SR .
KB, EAMRE . JEFEFGE I S
R SEAME, T T 52 5 e 0 o fe iy 3 22
K%,

1 ’RMEFR

Iy SRS R 22 S R L e R Y
TNR ., IR, ey £
FEe . EVARAE 6 3FA S, HEAE S FE
BRIRZH 7370 301 oK T TR 7 68 118 S AT 55
Sy, O FEk A TR (Graham,
1992 ), B 4l HUBEA A 7 I A BT O e
B THEAHGET3 d BHMETEK, 3dRE

FH ) T8 H a1 784 Flig % ( Beetsma, 1979

Page and Peng, 2001; Chittka and Chittka, 2010 ),

TEEY R b, 1% T 4 i s i e Bt
4T T4 ( Haydak, 1970 ), %) e &
Peims, AT DI AR S IR SRR 20
fifi 2-3 HI% T 94t & B A8 F ( Hartfelder et al.,
1993 ), Buttsted %5 ( 2016 ) AN # T3¢ F1 T 045
P AT BB S A 4 A ER B L B T AROK
G REAR B B 1 P SR D0 2 2 PRI 11 1k
G KRR, BN T, Fs T
IR RN 2-3 H i A T4 B, RRRIG B Hh i 1
{EBG I i T b AR S /S, &
F A R, miiEE H% T (Asencot and
Lensky, 1985 ).,

B X W R L AR EE e

Wrh RS BIAAE T TN, TR pE A
34%, T3 i { N 12%( Page and Peng, 2001 ).
W IR OB O A A, TS PO S A
R AR, [H 3 d 5 A RS R
f{ ( Chittka and Chittka, 2010 ), ¥ T4 )56
W 10-5255-2-28 )5 R (10-HDA) & i 6%, 1M
T WK rh 10-HDA & i 2.29%( Beetsma, 1979 ).
T M SRR TR b 10-F2 5L -2- 28 1 iR (10-HDA)
T AR H O ARG Km RRE AL, (HE R P
10-HDA & yE TR H i T3k, 2. 3M4d
TS A T3 b 10-HDA 435114 1.5%-1.8%71
2.2%-3.7% ( Wang et al., 2016 ), [l £ 3¢ b &
A R U R R PR AR SR, M 40 H 3 e R R
PR R P BRI R R P T g a4
( Seehuus et al., 2006 ), % T % H RNA & i
# T DNA & (Zengetal., 2006), HEH+
&) miRNAs, Hd miR-184 1 miR162a % 51
T B e 24 134k Shi et al., 2012; Guo et al., 2013;
Zhu et al., 2017 ), W5 FIR SR IEMRATE S T8 AY &
FEY, B EWEER, AT RPN
TRRAT A E4 R A H (Mao et al,,
2015 ), MASAEM TR PRI — Rl KA MRS ER Y
Fr, Bt E v mERES RN E LT, SEOPE
RO, DT 2 e o e £ 07 ) R F (5K
2145, 2009 ), W4l A h i B 2R AR S
fb A, JH B B A 0 o 0 g R oAb A TR R AR
(Chenetal., 2021 ),

2 XBEZEHEEE

FEIEE R, B TR (£H) S TR
P KON FBIGRA AR X . E B IR RGAR
R, RETCRNIEFRIE, KRIEE, 765%ig
Apis mellifera EH NN 810 mm, KITEKE
Apis cerana £ & NN 6-9 mm, FAME—IIRE
SRR B T TS A IR, RETE
PRMIESHIE, A=Y, Ty %k T i 5
[INAEN 5.2-5.4 mm, 45 B T W 5 5 i N 42
N 4.4-51mm, TR AT TEMEAARY)
L FIRE (8 AR, 2023), BART A AR/NAT
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DI i (Wuetal., 2018), {HAE T
W R RGeS T T, FRETE A WASRERS
Hib TR (Y ERAE, 2023),

3 BERRRIZEE

A SR A2 A G A H iR £.4)
BT Y R A R IA B AR E 2R
( SeFpFI2=# AL, 2010 ), Kamakura (2011) fifF5¢
KMERFEN 1 (Mrjpl, 57 kD) "] LIS
W) S TR E , 14 TR B R 1%
WA E T . {H Buttstedt %5 (2016 ) A K
Mripl N2 FE Y RIS ERE M EZER
, T 2B S Fh 0 RN T rp (B B R
10-HDA E. A 48 1 2 L Wt AL Bl 41 i 550 3%
PE, BRI TR EE S 10-HDA, Kt
10-HDA FI g5 £ & H ( Spannhoff et al.,
2011 ), #WELdEY b 10-HDA S EHN, #E
W R AR E, (AR ER e THEAL
LAk 3( HDAC3 )3 £ 35 /K F-( Wang et al .,
2014 ), WL HURPY ATP-#7 158 R 4 i, fiE
WP AR TR AT IR B G AR, 5
VAR A SEAT ROV, fRiE T AR A LB,
TR 27 534k (Wellen et al., 2009 ),

4 EEFRERPEMLEE

R A 5 BN 2 R E B
( Chenetal., 2012 ),57 kD 1 Mrjpd i@ i 34 N
A P ) 2R i A K IR P2 4k (EGFR) R i
5, B RIS PISK/TOR/ISEK {55
P, W0 RZ R A IR, ST A 53 0 PR
HrmE, M EEAIEm, METEAT
( Yamanaka and O’Connor, 2011 ), X% Egfr
FEHHETT RNA TG, Ao g L R4z T g
(' Shilo, 2005 ); *f#&# Vg BRI #E1T RNA T4k,
23 M F 4 bk F g (Zhang et al.,
2022 ); X% Dnmt3 ( DNA LR ) dhfT
RNA T, KB TIMZIGHEEIAT T %L T
T ( Kucharski et al., 2008 ).

IR ML S DNA H AL K7 BB

X%, BPEFRNZE A LIGE LR DNA H3E LK F
S #2404k (Kucharski et al., 2008 ).
23 ] R 2K [A)RE AT 38 5 DNA Y RE Ak sk 3 42 25 e 4
K534k (Shietal., 2011), T8 R KF-Fifi %
oy H ORI B e, R e TR S T R
( Shi et al., 2013 ), Jii i Hllumina HiSeq™ 2500
MET 4 d L4004 d T #4307 micRNA
RIS, HRAI: TH#4M 22 nt sSRNA
SHEERTE TR, 5T®Y AL, BT
YA 17 Fh miRNA 35 1, 20 Ff miRNA £
I5FYE (Shietal, 2015), IH4h, FHEHFITFEMA
KB LR i SRR P I A ST | GERE RN AR T
Je@ SRR, B E H3 LS 27 (i
PRIk AL & M L BEAE (H3K27ac) B #liiE e & —F
KHER YL o B, H H3K27ac 45 % g Al
434k ( Wojciechowski et al., 2018 ), J& 3l X1,
ARV SR H3 B 4 Wi & IR AR S
KA A L ( H3K4mel ), N & T X B 1
H3K4mel "] LA TR E, Kt H3K4mel
1B ] R L 2 W R A AL R S R SRR b
MZEFERY B E PN F (Zhang et al., 2023b ),
MR TIEAER T BT AE T E RN
RNA TR 2, 2 B0 ARG i SeA
k2SR, A & PR B AE A AR 5 S A S T
Poly (A) Bl Lt th a5k AR IR S 5
w83k (Heet al., 2022 ), RNA m°A i
FALTE E W RN g R B R T R
PEMER (Wang et al., 2021 ), KR4 1k57
ZHFE I AR, TEgi R ERI, KU
BB, BS503Rk i 45 1 B 4
ik, PrLl 2 Higgh k& HA 8, Haidk
B R CHERTBLRT, ZF RSB IR B AE,
X AL AL I R A T Z EH R, BTLL 4 H iR
HHEF AW, (Zhang et al., 2023a).

5 BMEREERR

R4z ((Juvenile hormone, JH ) AW B7 3%
% ( Molting hormone, MH ) fE #4225 1 g 1 434k,
( Wirtz and Beetsma, 1972; Ebert, 1980; Barchuk
et al., 2004 ), JH Ref ik oy B 5 A B R Uk AR
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s, DN g DN B S 2 1 5 L 8, R O A= K
ALY ( Rachinsky et al., 1990 ), 1 ¥ 4)
HURN JH JE MWK & T T d, it
S N W RS S A N O 1O R < ) =
( Barchuk et al., 2007 ). JH 7£ 1 F A1 T 44 i fA
NI RS E R BB 2, T JH R
W T T 4l OH R B, 4 HOR
RE T (Barchuk et al., 2007 ), MH Z&7ER]
R B B, o3 e B I —F S B AL A
Yy o W &)y AR (R /NI g e I B i
YTRER A KRR, TS e s e A KR F
( Rachinsky and Engels, 1995; Capella and
Hartfelder, 1998; Pinto et al., 2002; Schmidt
Capella and Hartfelder, 2002; Boot €t al., 2006 )
W T 5 TR 2% A 5 R B
(11S) B YA (Wheeler et al., 2006 ), IH & 15
R AR KGR AR 1S LR iAA 2=
5, JFHuem T#17 8 & 8 M4 ( Corona
etal., 2007 ). Wheeler 55 (2006 ) M V4 J7 %4 Sk
AL 755 B i 2 s R AR IR A
( AmILP-1 f1 AmILP-2) K32 {kFEH ( AmInR-1
Al AMINR-2), AmILP-2 J& ¥ T 1 T 8 L [m] 5% 5%
&, HT# AmILP-2 £EKFILEFE S
(deAzevedo et al., 2008 ), 4 &%t bz
R DR RS, (55Tt ISkfefl
e NG T L B R (R N2 75 /SN S I
( Barchuk et al., 2007 ),

6 RE

LA A BRI A S H AL
DRI, BWEFRr (B, BER .
AR A HFTAE ), P RIE L AL miIRNA
PSRN b S SORIE: -2/ S g A (EI DS o
SR IFAMSIAER, TRA T CHK gAY
I AN JH, Vg, Dnmt3, Hex70b #i
CYP450 45, JC8(5 il ¥ K47 mTOR, Wnt,
MAPK, 1IS, Notch, FaxO, Hippo, Hedgehog
1 EGFR 45 o H X 5 1 2 e 20 8 731k 1) S 5 1R
BAFTEARRIZE AR T, HE R A5 T
MLEE M AN B o iF— 20T SR S i g T (b 25

Wi AL 2R AT 5, AMERT LSe35 H T I LB,
i ] B SR S A R R B AT vk, B
A HZ IS PR E X
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