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ABSTRACT

Background & Aims: Eusociality is a critical evolutionary innovation. Understanding the origin of eusociality and
related regulating mechanisms has theoretical and practical significance to several research fields. A clear hierarchy and
division of labor exists among individuals of social insects. The behavioral differentiation and extensive cooperation
between castes are beneficial for their adaptation to complicated environmental changes. Understanding how social
insects can produce individuals with differences in morphology, behavior and life-history characteristics is an important
goal of much evolutionary and developmental biology research. With the rapid development of sequencing technology
and bioinformatics, there have been many studies on the mechanisms underlying social insect behavioral differentiation.
Here, we present recent advances on the environmental factors and physiological and molecular mechanisms regulating
caste and behavioral differentiation in social insects by summarizing the current results of social insect studies, and
propose the future research directions.

Progresses: Both biotic factors (e.g., nutrients, pheromones, cuticular hydrocarbons) and abiotic factors (e.g.,
temperature, climate) can directly and indirectly affect the differentiation of insect social behavior and castes. Endocrine
hormones, such as juvenile hormone (JH), ecdysteroids (20E), insulin-like peptides (ILPs), and neurohormonal
bioamines, also play important roles. In addition, evolutionary changes in gene sequences or genome structure,
including heritable differences and novel genes, as well as gene regulatory mechanisms, such as DNA methylation and
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differential expression of genes, can also affect the caste and behavior differentiation of social insects to different

degrees.

Prospects: We suggest strengthening the study of social behavior and regulating mechanisms in other social insect
lineages, such as aphids and thrips, which are relatively understudied and which will improve the understanding of the
origins and evolution of eusociality and social behaviors in insects.

Key words: social insect; behavioral differentiation; environmental factor; physiological regulation; molecular

mechanism

SR FAt M B S B R A 0
W i DL A 2R i B (R TS ) A, H AR
AR Ay TAHRES = AN R
fiE(Wilson, 1971; Wilson & Holldobler, 2005). f£4h
FrECMEE N R R DR T, fh e B HURE R
At P4 A F T B 4 S 1D 1T HE >4 A< £ (Corona et all,
2016), FE T AFRAEEER G 5> T, W2 pris
5585 Lo thaxth B R Z sh o T— R aFE 4
MRS AEAETEAMR R A G T, DLUAA BAFET)
REM TS EES 7 T, ARZGEAMER 7 T
IR A AN [F 94T o 85 DAk 2 1 B e i
T — M b F i AR e (T R s ) B g ZH Rk, AT
IR AT NMIFar 0T A E N BAF, 12
Fhoe e B UM R IR B 2 R R AR AT 5 AN R,
1T RWARAE A, WEEARRRRL, R EE 7 805
(Robinson, 1992), — &4 Py R B4 T A H 4 A A
AR TS ERRL, B e i 2 A 5 i
(Camponotus floridanus) = 57 T 8¢ 5 1) £ 52 LE AR
L £ A REORE AR T AR Y K 2 (Simola. et
al, 2016). Fhoxith B HRAES AR ER RT3 2
VA AT T G AR i 7 =X S 380 4 2 1 A ) R
AR, fhas i B R 2 R R RE oy A2 Ak
AR T EATIE R E A 1) 3 5542 4k (Wilson, 1985,
1987).

fho Ve B HUE 5 5 B TR ) 9 8 43 A DL AN
() R HL TR B AT A 93— B A b A A A 2 A 9 T
£ (LeBoeuf et al, 2013; Gadagkar et al, 2019). H #ff
WA 2 At o Ve B R B . i SR AL
2R, HAh— et o B R Qo EH ) — 2
Ief i b (Stern & Foster, 1996)F1228# H 1) — LL i
4 Fh(Crespi, 1992), LRI — & FEE &M
W e R BB MR ANAR A S R AL 24T, H— L
Rz R AR T, BRC T X R
BRI TEAZ, XIXPASEREAT 0 1 s
IR D . H R 2P B B AT A AN R

A AT B RRE, — B RUREGR AR E
YN — N EBE N, et R A & AT
N AL R 2 B 51 72 R (Toth &
Robinson, 2007; Toth & Rehan, 2017; Weitekamp et
al, 2017),

AR A 23 B He S P 1 Tl £ 328 ¢ s /) 5%
BA R R A A, BRI
17 I AR th B AT 2 R (Zayed & Kent, 2015,
Toth & Rehan, 2017). H Bi*f 4k 2P B AT A pL]
FRIAIT 78 28 AN W0 AH SR S5 R (R R R B 8 KR
FIAEAEFRE R TAERPLE b Tk, 0T
DU B AR A W45 S R R R SR HEE 10T
AN [F) 2 M B i SIS 1 b A 0 A R 4 2 F
(Simola et al, 2013; Kapheim et al, 2015; Harrison et
al, 2018), MN¥ 1 %f#k AT Ay AR A AL ) ) 2
fift o FET R LEAEACR IR SRR B, A TR R
Wiy B2 HRAE AT WM R 3R L AR B A 23 5 B
S5 T AR 2 B BUAT O o AL R T T R R AT

[

LRIk

1 SoMtts

P85 DR 20T DA T 4 B ) 4 s e A 2 M R R
AT AL . X LEPR IR 28 1 5y R AR W R R A
AR ER, Wt B EAT A S AT &R
YIEE . Horp AR R 32 B AL S vk B T AR VS 1)
FES PR (U RHA RN SRV SE), IRV R A
FERE . SRS T (Toth & Rehan, 2017). &
HIEHEERY, &Y. ERELER. REKALEY.
TG B SRER R 2t R
AT R34k

Fos B AR TR — AN R R R A 2 2R
B, METERBEMSRPIRESZRER. BR
R MR B A S o Ao PE B R
ST RRTE /MR B I R EARY Bt & kAR, an bk
R X G ARCE 3= 4y BE B9 A ¥ 47 (Wheeler, 1996;
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Schwander et al, 2008; Judd et al, 2015). & 7% & 4t4>
PE R RGBT N — A R B IRE ), ¥ T8
WiE S B R A R L AR AL, B IR T LR AR —
Ptk P R . R, 2 URE TRV EL
BN ERE TR E TR, WREERE
B TR Rk E NS, RS IR
Gz Y N Kk E A T (Haydak, 1943;
Kamakura, 2011). F#SHK ) T84 17 57 7 0 £,
SRS /N ) M ) 6 S A AT B VR IR 4 A B
P55, T R SR Y AR 240 0 (0 3 AR B )2
FEE IR AVE IR R R 3L [F] 12 (1 (Toth et al, 2005;
Ament et al, 2011). BRE WAL, WIS, BRI HIH)
AR ATONAINR B 8 IR R R I 4% (Cassill &
Tschinkel, 1999; Korb & Schmidinger, 2004;
Daugherty et al, 2011).

A5 572 ) — A R 2 1 B AT N b
IV ER, FEAFER B PR H AR R R
WA &R R F. B, 784 # 20 i
(Pogonomyrmex barbatus) 1, AT AN AT 1 T
Fr B H Sk & 945 [ (Greene & Gordon, 2003).
TR AT BRI BRI S5 IR (1AA),
RE 8 5] 2 K 2 %% 4 ¥ B5 48 )2 B (Nouvian et al,
2018); i B A W0 5 BB UNIAE B3, TR 2
A -9-A A -2- 284K (9-ODA) . I/ :-9-#2
B£-2-Z8 TR (+1-9-HDA) . SRR H R HE R (HOB)

4-$2FE-3-FAE L 4 2. (HVA) %5 (Slessor et al, 1988),

REE A T BN S A, AN J5 22 7 1 A= %
B AR i o g S RS B, TR OR st —
ERREMKE, Il Rk B A FE e 77 (Page &
Erickson, 1988; Barron & Oldroyd, 2001). {5 &E %t
RS S (WL 2 B o4k, HH b 78 AR B ISCA WA TR 7%
TR T R AN 2- B 1T M 1 B S B R
RE M 1) ISR mhoT 1) b 78 AR B SR 7 A, HL U
YR RENS 7 WX S B R, PUAE AR S| TBEE
HEORL IR 51 75 770 BA B2 Ah 78 AR B 8043 A 1 400 4 5]
(Matsuura et al, 2010). Ub4h, fEEEWES 5
SR AR 2 AT N, g 2 5 1 B (Camponotus
obscuripes) & (5 B 2 1S M o 2 R AT+ — 4,
REAS oM I I il f &, MR 55
W B 47 9 (Mizunami et al, 2010).

UbAh, fEREEeE o B M, S R A
e s g R ) — M AR R R . B AU

HREAE: Ao R AT A HLEIBE TEdt R 509

(Pogonomyrmex  rugosus) i & 4F & Xt Ji5 48 1) g 8L o3
A BB, A R S T P AR I LS P
IR A e & B N T HIEUS (Schwander et al, 2008).
T 5 FEW 2 78 /NAL I (Myrmica  rubra) 1 i
PRI, — AR WUR B 9RO B e T H A
4% K (Brian & Hibble, 1964).

Y A R 72 B RS S EAT N
() IR B S o Gk Fig - B 2K B L K ) 176 4
2 MR AN () P 4 B e ) A 3 SR O3 AT
AT BB U R IR, AR AN 2R A ] DA e e
R ESE S &ER AT ARSI S EA
(Kocher et al, 2014). X} #¥] 24k & B 5 k& )R
(Polistes) (I BIF 7T & W, oAt VR S S TE T REZ
SAEARAL IR, S VR R TR B 5 N A BR
PR DB 0%, HAELRIBRIRIE R T, &
Vi B0 = 0t 2519 2 (Sheehan et al, 2015).
TP AR 2 5 T M S P 2 B Ak . B S s R
L — BN MR (B 49) J5 7= T IR A Re K & Ak
3T IS (Schwander et al, 2008), 17 4 14 3L X
(Coptotermes formosanus) T 71 F& W 5% 4k 52 18 75
IR IRELR, B e il B2 R A Re R A AR 2 i) e
i (Fei & Henderson, 2002; Tarver et al, 2012).

TR (JH) . B (20E) . KBS &
(insulin-like peptides, 1LPs) Az A=W N 43 bR
FA 2 0 A2 1 B AT A B R
HEMHAEER . ST RS R R85 T
AL DA E TR T2, g E
Mg ARSI B Y 2 5 80 5 A T
a3Ak, T B A TR (R Y T (R A B R K
ARSI, b, IRANEERIE S 5 Eig
AlgE b T AT A 434k (Sullivan et al, 2000; Schulz
et al, 2002; Amsalem et al, 2014). ZEHHF 7R KR I T
IR, m RGN KR A D) i T AT
NRAEREAR, A H T 2 Hh R S VG sh oAb R
75 (Norman & Hughes, 2016). 1R % % (4 BLKIHTF 5T
BIR ARG R R R i B 2 0 E
T4 A (Watanabe et al, 2014; Korb, 2015; Korb &
Belles, 2017). Xt k)5 H 4 (Hodotermopsis
sjostedti) (A 7T & B v (I IH 5 H e iUl b
5%, T AN 78 280 E s JH ¥R B AE R, 1 BOH
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AIREZ 5 7 W SR B B 431k (Cornette et
al, 2008). Wi R BNy S LAt P B R O
R A U % (Dong et al, 2009) . X P #EIE I
(Zootermopsis nevadensis) ¥ 7t & B, e 3k3HE 1 B-
ALK F(TGFR)YE 55 B AL /A %, &
AT DL U T 20EAIIHAE ok 4% B BRI 21k
it #2(Masuoka et al, 2018).

JE & 3 — R R SE I 2 The PRIk R
R, AT ARZ AR, BHRAEN WA ERL
SEMIMDIRERI IR IR, WO KRR RIK”. B
W IR 2 5 s B R 7 ay DU ARE . A4
KRB MAESE £ 4% 5 (Wu & Brown, 2006),
HECOA AT A1 B A 578 7 T E 2 ik R &K
KRS R BRI ReED, F KRS R
AR UL K AH AT 5 18 B R U T B R 5 A A B
o fE R, P2 3 R 51 4 i () S 68 % 2= (ILPs)
N, HIIRES LA 8 2 S B AR K
Bl 1 (IGFL)s& AR 1), A& B M A= v s i) B B 4%
[Xl¥(Flatt et al, 2005). K 2 Ha it 7 (1 s H B e
BFRSEE R ILPLRIILP2, fE45H I, ILP1ZEL
5 R AEA KN 7, ILP2 5 5 & B & A U
(Chandra et al, 2018). 2 U () 2% Y 434k & 8 ik
RE SR IBCE FRAPAT SRR, X2 25
HARNR B R B ER, a7 e rfsUsH
ER R R KF(Trible & Kronauer, 2017).
AT — TG 7 sl S ) A B ISOR 3 A B I i 50 2 s
UK B, ILP2 R R T U h ik, JL
Hh EE R M B (Ooceraea biroi)4ly HUBE IS 5 id i
FEARILP2 /K il L AR B, s = A S AL B AT
9, T HG I ILP2 R DA AR T 4 HUR) I 4 ] 4
(Chandra et al, 2018). Il , i & 2 sl HAH @ B
A2 5 S g R A L T 55 3h 4y T
(Ament et al, 2008; de Azevedo & Hartfelder, 2008;
Mott & Breed, 2012).

PG N TR A (5-HT) . BEIZ(TA). #fh
JiZ(OA)F1 2 B2 Jiz (DA) S5 A Dy w28 i ot 5 i 452 346 I
EETHERGH, X RBWAEMT NG EREE
H) 424 F (Monastirioti, 1999; Scheiner et al, 2006;
Wada-Katsumata et al, 2011). ¥ fufie. 2 EfZL
5 T g A A B o i S T MR AT A B S I B
(Szczuka et al, 2013), W& [z K45 0] 2 50
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W% 20 284 ) (W5 AR ) fe THSCAN R Y TR (O /T
0 Yt 4T N B 3% A8 (Aonuma & Watanabe, 2012;
Kamhi et al, 2015). [ B I A 3 £ fli R i 1 7K
SPEET MY, S AL, B KT Rl e S
BT B AT A, T S I e A B s 0] = AR g
47 M (Ishikawa et al, 2016). 72w, 2=l m]
TS M A PN P TR 4 23 A FR 41 B 3% (Kaatz et al,
1994), HREW VT TIEM558h 0 T, BRI EIT N
B A, Horb B & TR R LSRR B Tl
W ) & A 1% KT (Schulz et al, 2002; Reim &
Scheiner, 2014), #= i gk v] 2 515 % 10 5
1779(Schulz et al, 2002; Barron et al, 2007; Reim &
Scheiner, 2014) . itb4h, BRI E RS B R AT LT
i R T i A 22 T K, ] S M AT
FIZERR 47 N (Nouvian et al, 2018).

BEAEFE R sk, bR IE A
RNAIFIA | %t BPCREIA UL A5 B i
MR RE, ARt B BB AAT R 510l
HHZ W 7N, EAE LT DNAT F1)FH 3 PR 2H 45 74
BRI R B R R ML R R
3.1 DNAFFIXKZE
311 BERE

R — B DORES 2 4L 2 M B d 7y 1 KF
WEFUP S AR B U, At R % GBI 23 A R R
AWEFH IR RE BT, AR E R E
(), (B A7 00 s AR R 3 TR E I AP AE . 5T
Fhox It B HU57 Bl 7 TR a8 AR AN A PR 2 23 A R T
REAZ WM, R BE S X 2 YA 5T RN
R T8 A% R Zo0) Ak o M B B 55 B0 43 TR S ) EE TR
SR B A %, XAkt B RS R AT
N B BT H A — € R (Smith et al,
2008) . ZBTHSL a8 FY £L 5 20 URN 25 SRR 358 4% 20 70
5E (genetic caste determination, GCD)F Py ANk
T PIANIRNAE 53 A (1) E B X3 RT LA o) 2% 52
AR FhERSRAT — XA A () 28 28 1 &R, 3 AR TR %
AEFEAE T, 1 AR A AL AR IS (Julian et al, 2002;
Cahan & Keller, 2003; Anderson et al, 2006). HiiFif:
DAL 25 5 A P Ak 2 P B E ) 20 8 e A HL A ) R
I 5 4 3% (Pearcy et al, 2004; Hayashi et al,
2007; Wiernasz & Cole, 2010). A4t, &K Zxf
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2 ME BT () 2 (B AT N et — g 5%
Wi o B AN FE B WE AL N, FR T 2 OSSR R R
FEAR Y TG ()8t A% S MR RE BEAR &, 1T TG [R] (1)
WAL 22 R Re S TSR] 55 34 T, HLE <y ig
L ONEIRNSEM-1°3 3 SuPRENINN: Pl CIEFs)
1434k (Frumhoff & Baker, 1988; Robinson & Page,
1988) . X TH 1) Fri- W5 Je8 F g T3 D7) - i (Acromyrmex
echinatior) & Ji# i J& 1 Eciton hamatum#ff 72 & B, [H
— Rk B AR RAME, B KRR
AN R, TRUERe, =4 7 ANFE 55 30 7
T(Hughes et al, 2003; Jaffé et al, 2007).
312 FHEE

B DR AE A 2 1 B e 3 2R A 3 1 o A
EE T EENEN, B0 et R d
(1) 25k R 20 Hp 0 A7 LR BT B R, O H B o] R Ok F
10%-30% (Wissler et al, 2013; Sumner, 2014). #t2>
P B 3 DR A i 2 R 5 & RO TR A BT 9
TR & BB, Wk 7 s 1) b 5 25 K] 4 A
Fe R I DR E AT T IR 3 8L gk A i R b o A
BER, AR IR S A R E YRR R
R EE A, R HE 2 1t B A kA I R A AE T
DRI PR IR BRI A, 3X R B 5 W P e S P R AR Y I
ML A 9% (Simola et al, 2013). X 25 W& FEAT BEAA
BRI 2 TR IR, S A AR AE T B v s B (A
BHEREWNIEEFER, JUHZSE TP &R
5 B3 R (Harpur et al, 2014), I HA W5 ZALE
B T b RIS K B R 4 H 2 g 5 s Rk
B R f)21% (Johnson & Tsutsui, 2011), i B 3L A
FE TIERAAE A I8 S M kAl 4 o B2t [RIFE
015 O 78 1 K41 2 PR B 40 4R 35 % (Polistes
canadensis) A KL, PP AL 2 R 75% ) %
SR IKRFERLE AL, HorhAE g b BRI
FE A &5 $190% (Ferreira et al, 2013).
3.2 ERFEE

R P 2 (a2 UL 28 A A R R S R 22 e 3K ) Xof
Fhox 1 B HURR I BT A [ A G 25 25 254 FH (Harrison
et al, 2018; Marshall et al, 2019). & [Rl {2 & fE A 4L
ZDNAFFHIFIRIHR T, 8 o B KK E K
(1) 3 Rl D) e B AR A Dk R 4% B R AS . AT K
& SIS -2 TR 1 Wt s N ST B T I O e e 2
PIFIAT o3 75 B I 50

S ot B RGHAIT A HLEIBT Tt 511

321 FRWEEEIE

F WAL AL T DNAH AL 7R 45 4 &1 R
He R A ] B AL i T AR R R
(Weiner & Toth, 2012). H A 9% TR M s A& & 1% 1
oV B B g 2R P s RIAT DR 43 A0 B0 AH G TR 42 AL I 1
WO W2 . WILi%E (2018) i & T KK U RE i
(Bombus  terrestris) 16> # 2 1] i # DNA H £ 4k &
TREEEDN, FF R X EE L PR R — 8 B R AR
PERIARES, 5T, MM, BEaEEESM
FIEKFo oAb, X E WS R IEAL 73 A I, 4
HAEAN[F] )5 57 B (A S0 R 2R A R, R B AR
% EIDNAR ALK oA i AN, #Eim = A
4 5 5 T 704k (He et al, 2017). il & Bk 5 50
FIEQ P Bk (Harpegnathos saltator) 75 f 2 14 F2 & K
ST A EIRRBIANE: % Bk 5 i
FRRE LS DL FIAT N B E AR R /N
S s T B R RIS WS A TR0 A AR, H T
BHEKENBUG IR Sy X 83T ZE R L

BRI, PRI K DNA B B RE 2 22 57 &2,

A& BUR 6 AL 2 1A i T7 2 B EE B MSCRE X T B
P ik 5 WA & BAK I DNAF 34k 7K T (Bonasio
etal, 2010). b | X PR FRbE B % 25 1Y 2 [a) A7 25 W)
RAE P IEAR, 7R T R BAL B A
AN A G B 22 T8] Y 55 Bl 4y 07 I AR E AR A
(Bonasio et al, 2012; Chittka et al, 2012),
322 EEMERRIE

KT HE I 22 e Rl 0wk 2 1 B g R BAT R
73 A R B Wi A AH G BIE 95 BT IE S (Whitfield et al,
2003; Steller et al, 2010; Chandrasekaran et al, 2011),
X b & Y i (Reticulitermes flavipes) ) 4= 5 A4 4 By
5576 A B RE 7 1 S ORI Bl e B S A 4 A 9T
R, —#HILHRNMHR ZE R RL, HhRIN v
WCRE 7 1 B BE R o AT 22 e A FE R 1 78%, XLt
FER ] e 5 20T B A A e i AR B OR] T [A]
THEERI /2L (WU et al, 2018), — LLdm g Wb () A
WA TS AT 9 B B AS [R] 0 e 500 T8, S
PRREL R, — M BT sF LT, TR,
TAMH B . AW TR A A K Sk W (Pheidole
pallidula) i fx U FE L Le A 100 T e 3 9 i &, T
X I R SR 5 £ 5 ] (ppfor) 4 i RO 30 5 1 1R
WA 2 B (CGMP-PKG) BT i 2 1 . 3 3 Fe it
F18) i 8 A T T B £ 1 A o R v ) PR R R K
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A P 1, ELER R 3 B R i s R A
AR 2 e iy, Fo i i PKGER 1A
B PR, TGS R PR, Sz
1A & B2 TS (Lucas & Sokolowski, 2009). A4k, X
WAL AR REME I S 22 73R I, PPN
AR RTERBE 73 T (A AR RN A ), HAE R SR
ISR AEAE IR K 22 5 (Rehan et al, 2014; Woodard
et al, 2014).

A, — b bl A A B — R R ) 22 e AR AR T
ANFEF 2 B R BT AR B . B 5E s
& A B RTAARY I P 3 i & (1 (vitellogenin, Vg), AI{E
JMEYE B B AR TE T Sh I EE B R AR, R R R
PIFAT R A B LR 95 (R, 38 LE S5 P )
ANTEI AR A e T LR B e 1t ) Rk B . AR B
BT RNAIT VR R R IA 5, T HERN
TAR A H 5 84T AR 1 ] 42 5 (Nelson et al,
2007; Marco Antonio et al, 2008).. i iz bt 21 B 4L
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H Vo R R IA R, K IEPb_VoL7E IS (11
BT ) SR AR IR T (T 0 & T )
Rk, MAAHRTRRIEE THAMBUS, Pb_Vg27E il
B T ERIA, 3 WM a8 R A ik 4 1l Vg 52 R 11
FIE K A 45 AN 8] 47 4 1 43 4k (Corona et al,
2013). Vgt Fth n] 2 5 ¥ a8y 4, iy
#3215 A (Zootermopsis nevadensis) 3k K 41 £ 4
ANVoEERFE UL, HAp f3MNERUE PR IA B #E 5
T HAth 4% %4 (Terrapon et al, 2014).

4 INEERE

NGBS ik =g c = WP N D S AN P
W ANE, HAt 2 MER AR L L]
AT o BT F B S, AT 2
H A s 7 SR Bt 2 R R
57 815y TAUT AR (R 1B T — 2R
WEFL), BT B H A Al 2 1 B R S S

x1 HSMERFEFITANCHERESR

Table 1 Influencing factors underlying caste and behavior differentiation in social insects

AN EN B SR Fi B4 TRA 2R
Influencing factors Insect groups Labour division References
AhRIREE IR [lipag33 W fE-T 0% Kamakura, 2011
External environment ~ Nutrition Apis mellifera Queen—-worker
REWEANEY AN TN WA Greene & Gordon, 2003
Cuticular hydrocarbons Pogonomyrmex barbatus Foraging—patrolling
EER O S EN AR B - Matsuura et al, 2010
Pheromone Reticulitermes speratus Neotenics—worker
TR B G BE- T8 Schwander et al, 2008
Queen age Pogonomyrmex rugosus Queen—-worker
RN EA ISV E-GAEHEL Kocher et al, 2014
Elevation and season Apoidea Solitary—cooperative
B %R GRS Sheehan et al, 2015
Climate Polistes Cooperative breeding
W ERAENSEN eV Tarver et al, 2012
Temperature Coptotermes formosanus Worker—soldier
A PRYFER J SR TR - HNES-T & Norman & Hughes, 2016
Physiological regulation Juvenile hormone Acromyrmex octospinosus  Nest work—foraging
LUN27 € AT T I SR Masuoka et al, 2018
Ecdysone Zootermopsis nevadensis Soldier—worker
KR &R BB R B A TS~ FE Chandra et al, 2018
Insulin-like peptides Ooceraea biroi Worker—reproductives
AWl [ Yt prif Nouvian et al, 2018
Biogenic amine Apis mellifera Defensive aggression
T RE AL e SRTHD) R~/ Hughes et al, 2003
Molecular regulation Genetic determination Acromyrmex echinatior Major—minor worker
LR 5 gk Johnson & Tsutsui, 2011
Novel gene Apis mellifera Worker traits
T A% &1 [ cd 14 J5 - T.0% He et al, 2017
Epigenetic modification Apis mellifera Queen-worker
HEH 7 S RIE LS SRl - (AR ) Wu et al, 2018

Gene differential expression Reticulitermes flavipes
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