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Epigenetics of caste differentiation and brain function in honeybees
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A female larva of honeybee develops into a queen or a worker depending on

the diet provided during the larval period. To verify the possibility that sex determination gene is

involved in this process of caste differentiation, gene expressions in the fat bodies of adult bees
were analyzed. The results suggested that the expressions of two sex determination genes,
transformer 2 and doublesex, differ between queen and worker bees. In addition, in order to
investigate the epigenetic mechanism underling the task change of worker bees from nursing to
foragin%, I analyzed methylation profiles of DNA in the brains of worker bees and identified 439
genes of which methylation patterns change. 1 also attempted genome editing by CRISPR/Cas9 system
and successfully knockout the gene encoding the major royal jelly protein 1.
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Gene Transcript Queen Worker Ratio

csd XM_006568423.1 0.29 0.76 0.4
csd XM_006568425.1 0.41 1.40 0.3
csd XM_006568422.1 3.64 5.34 0.7
csd XM_006568424.1 0.32 0.59 0.5
csd XM_006568427.1 0.00 0.11 0.1
csd XM_006568426.1 2.55 2.84 0.9
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tra2 XM_006564323.1 4.80 2.45 2.0
tra2 XM_006564330.1 0.00 0.06 0.2
tra2 XM_006564327.1 5.43 0.00 544.3
tra2 XM_006564331.1 0.40 0.00 40.9
tra2 XM_006564322.1 0.75 3.41 0.2
tra2 XM_006564328.1 0.00 2.78 0.0
tra2 XM_006564324.1 10.26 6.24 1.6
tra2 XM_006564326.1 7.38 8.31 0.9
tra2 NM_001265585.1 3.41 0.91 3.7
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dsx XM_006560013.1 11.69 22.08 0.5

FRIND BT ORRE Gene ID

b Ak AES XM_001122948.2
XM_397232.2
XM_624611.3
XM_395512.4
NM_001171169.1
XM_392252.4
XM_395811.4
XM_003251332.1
XM_395099.4
sa~vFrUET Y7 XM_396195.4
XM_395718.4
XM_393008.4
XM_395593.4
XM_003250561.1
XM_394892.4
XM_395933.4
XM_003250154.1
XM_003251412.1
XM_394723.4
XM_003249736.1
XM_624891.3
XM_003249285.1
XM_001122500.2
XM_624207.3
XM_001122489.2
XM_001122722.2

Jua~F hHE
A F 1k DNA
[FRe IRy

EARNY TR
~Y H—F

NG D 4 OOMREBRIE T OR B AR
1R T, esdZiT— % FETTRBFEIZ 2
L EDZED & DHRBFEM D 3 DIFTET D03,
WD RBL RO & 72 5 FPKM fE2MK
<, MTFLLEEHTELZT =X LTS AR,
fem [T F T B E3F L H I FPKM i
72340 82 TWT, FBEEICH—A MET
HWIR LN T, tra2 I3 ENF T
DIHIFEELL TV D EEEREY
(XM_006564327.1)23% 0 | dsx Tliifk b
FPKM D &\ O ELS (XM_006560013.1) @
FEBLLEDS 0.63 & 7o Tz,
D4k BRI L7 DNA TfTo7-
AT v — AN TIL, tra2i3h— A FETA
FIACDIRREN 72 2 = L RIB X T
%o A BIOMMTIER B ORI Z VTV D
23 N & RIBRICHRIEIR T tra2 d A F v
bR ENRTF L E NF THR2 > TV H ]
BEMNEZ D 2D, AFIEOENZ L - T
tra2 DFERIA T T4 2 T ORE— 20
EAL L. ZDFHRD dsx DRI AT T A
VIR E =T A O0h LviRn,

(3) & T DGO A F- 11— LfFEAT

iy & _F DX ) 2K DNA D A F LAk Z R
AYNT 7 A N —T o ATETHIT LT,
IV ARFH ) 2 (Amel_4.5) (1213 9,498,691
@ CpG ¥4 FHRFTEL, 10 KL LD —
Jx LAY — RFR~wv 73 CpG i
A ME, BRAF TIEK 76%, FREFAF Tl
F182% T o7z, T4 H D coverage 7% 10 LA
> CpG A & LLT O W=, 2
EREIZI O AN I 7T RLULk g
BIZEWA FALEZRT CpG A b & 4F
ELTEZ A, BRAFTIH 42,172 ., £
EH/NF CIL 55,784 fHl D A F /ALY Ak A3[HE]
ESNT, WWTHERAF LENFTATF
AV DRRENE72 D CpG ¥ 1 k% Fisher @
IEMEMERREIC I VB LIzE A, TT4
® CpG A hTERNF LR AT THE
ERBREEINT, 1 OOBETNIC 2 ELLE
DEBEDODHDIVA MREENDHZ LD
0., BIETHMTHD L, 439 [HOBE I
WH TAFIMEDORREN R/ S CpG 1 b
DIFEL T\,
ZHEDEGFNED L D etEEER oM



EHEET DI DICBIB A b U — T
BiToTl-, BEREBELT, EA Mo
fili, 7u~FLVETY T Jua~vF i
£, AFIUEDNARG X v Xu 7, =¥
T RT 4 v 7 IRRENC BT 5 BT
ZLEENT W, BEATFTRF R HEREE
NEATEIZE VB 2 HIFEIZ, DNA DA F
MEEWI) Y = R T 7 It A
MOZ Y = X7 ¢ v 7 IR A 2 il fH
HEWH 2RO =T 1 7 ADME
B LT D ATREME D RIR S Tz,

(4) CRISPR/Cas9 |2 L 5% 7 LftE

major royal jelly protein 1 #E{n+(mrjpl)
WEZENTOETHLIE—T L) —DFE
B H R TER Do a—RLTE
0. BE FOTFIHER CHRELT 5, MR
R L CHHMHORBEICEEL 2N &R
HHEEIND ZOBEBTFEENE LT,
CRISPR/Cas9 ¥ 27 L& AWI=4 ) Ltk
%4772, sgRNA & Cas9 mRNA % FAfIE
$H U7 57995 23 IED S AL LT, i
L7z ATERICBRL, EAOT T
A MV — AR E Lo ERCTET 72, 8 H
BICATERZRILLTA o FaX—F—
WTLENRF 2P S, KEKBIIZ 6 IED L
FEARFE2E, IYUNRFOLENRFIT, R
BThoTh., REEH ARE:Z 4 & I %
WESHTCRZEINZEL L I2hD, 22
T, ML 6 HE L THBEIZ, 10 DK
e 77 A% 1A o170, 2D DORLE
LFEARAFET T4 ML—DNOEEFICKE
LCREII S, 2ICDO& EARFITRZREINE
EFHDHT LI LT, —HDOLENRFO
TR BIXYT ) AR S LK% o
HZLEWTERNSTEN, b9 —FOKENR
FREATERETIL, 72161 ED 5 5| 20
VEC7 /) AREDHER SN, IV NNFTO
7 BRI RE) LT R 0B TH B,

5. ELRERMNF
(MEssamsC) - (Bt 3 1)

Kohno H, Suenami S, Takeuchi H, Sasaki
T, Kubo T (2016) Production of knockout
mutants by CRISPR/Cas9 in the European
honeybee, Apis mellifera L. Zoolog Sci.;
33(5): 505-512. doi: 10.2108/zs160043

Ugajin A, Watanabe T, Uchiyama H,
Sasaki T, Yajima S, Ono M (2016)

Expression analysis of Egr-1 ortholog in
metamorphic brain of honeybee (Apis
mellifera1.): Possible evolutionary
conservation of roles of Egrin eye
development in vertebrates and insects.
Biochem Biophys Res Commun.; 478(2):
1014-1049. doi: 10.1016/j.bbrc.2016.07.023

Ugajin A, Matsuo K, Kubo R, Sasaki T,
Ono M (2016) Expression profile of the sex
determination gene doublesex in a
gynandromorph of bumblebee, Bombus
1gnitus. The Science of Nature; 103(3-4): 17.
doi: 10.1007/s00114-016-1342-7

(Fa%E£) GH141h)

FREME N2 WIS, fEx KPZ,
KA, NEFIEAN (2016) Mo I >3
FHRIEIZI T D Egr-1 fHREER O3
B BAESMEEE 8TIRIRES (11 H 17 A
~19 A, a2 —, ME
W E BT

TP JOBE , ARRFHR, PTNSE | e x A2
IARGERE (2016) [ AFIZHBIT D
CRISPR/Cas9 % /=% / LREFAT DB
I AR SATENC B 5 BB T OFEREFEMTIZ M)
JTC BAREMWFEE 87 FIkE (11 H 17
H~19 0., Mo oo g ko 2—, i
R VR B B T )

Verx K¥EZ (2016) [ Y RFOy¥EMEE
F 2 BB FRBEOFE )] A AN S
N AR YT L TRAOE E1TE) (9 A
25 A, HARFMSEMERL, HATEHEX)

FREME, NI, FEML xR E,
RMEEAr, NEFIEAN (2016) [ Y RFI2H
FAFHEY VIR LA = — PRI
ISEBRART- O] BARR RS 76 [A1K
2 (3 H 26 H~29 B, KFFSLREE, KK
JFERTH)

PR, RRFIR, &7k, IIRE K,
VINFH, Ea RPTE., ACREERE

(2016) X RFRDAENEATE) Z #4813
BN G s mKast DIEBMRNT & . FEREfR
HrZIaN T 727 7 ARBEIEMNL OR A ) AARR
M 76 [BIRkE (3 H 26 H~29 H., KK
FESERF, RIS



FREARE, NILER, = EEL A REE,
RUBEEAr. /NEFIEAN (2015) [ Y T2k
AU AL A= X F—FPEa— T
% FR G 7 OfRNT ) 45 38 [Bl A A
DFEWYES (12 A 1H~12 A48, 45
EpRiEys . SRR )

MM, NILARS, Ex KEE, FHH R
(2015) THFEAW) 2 K U= BridlE (s 7%
REMEAT R HAREM P25 86 [FIHim R (9
H1TH~19H, Hias X varktr¥
—. HR T

IR, Pex REZ (2015) [V "F 0D
Ky ZAaI a=lr—3a Dy 1 - Pk
FEMTICIT 72 SRR OS] A ARE T
2% 86 [IFIR KRS (9 H 17 H~19 H., #iE
LRy g kA — FrBRBIET)

FEME, REREH, AREY, ExKE
Z. NFEAN (2015) (7 ga<=A AT RF0D
TFr RueEATICET LT B ARET
25 86 MR RE (9 A 17 H~19 H., #HiE
gLy g —, FHEEREET)

WA, xR Z (2015) 1303
VST O FUAGERR & M A F- 1 — Afi#HT ] A
AISHEM R Br a5 59 BIkes (3 H 26 H
~28 A, WEKY, WEEILET)

FEME, Lx KAE. NFIEA (2015) T2
B2~ 7 VIRERERIZES T 2 S E B
T ZFIA L7 NGB OfiFAT | B AR
R RERE 59 kS (3 H 26 H~28
H. WK, IR ELET)

M FE, NILAR, BEEE. Ex KT,
FHHAE (2015) TEAMEAY 2 FIH L7 8
AR T HERE AT R OBAFE 1(3 H 26 H~28 H |
RS, IR L)

Sakamoto H, Ogata N and Sasaki T (2014)
Epigenetics of brain development in
workers of the European honeybee, Apis
mellifera. The 17th International Congress
of International Union for the Study of
Social Insects (July 13-18, Cairns,
Australia)

SRR, FEITIER, Ex ATTEZ (2014) T
A4 37 IV NNTFHE AT OIS T H DNA
AF AT | B A EM) B P55 58

mlRk4 (3 H 26 H~28 H., MK, @
=N i)

(Z D)

R Dk

FINRK e 2 R EWFFEE
http://www.tamagawa.jp/graduate/brain/st
aff/labs/sasaki.html

FINRKRFI Y AT Rt o & —
http://www.tamagawa.ac.jp/research/honey
/contents/hsrc_top.htm

6. WFFEARME

(1) wrgeRE
e 2 K (SASAKI, Tetsuhiko)
FJINREE « FIHFIERT - H%
WFgEE &5 60235257

(4) WroEl i#E (54)
PARPE (SAKAMOTO, Hironori)
FEME (UGAJIN, Atsushi)
wEE (IKEDA, Takashi)
/NEFIE AN (ONO, Masato)
DA (KUBO, Takeo)



