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EHRAEQEITHMRIHE
o= WHR#WE Fxav

(1. ER KR 524, A6ET 1001935 2. 52 H RS EarRl22be, i 200438)

WE: ARaEHENEINBZEEHG—FEL B, AR L XA A RELR T 2EA,
MR OISR N B R TTilit CE TR BB SEBAh R B R 2 & R ey R A A BORE K
Weykik, ShMESHH L, LRARE L BALTEAH ARLLFRHIE, TARAIKRES
MALTA X B RAEAFEERFEANZE AR, KAXLEET R RAKGEHe £
T KA (LB A P IR ACAS AR ) BAS A Bl 09 BF 50 3 B, xF 3 & o9& 2R 0 e M 3 R (chromatin
immunoprecipitation followed by sequencing, ChIP-seq) . % & /it ffi‘ﬂ%'ﬂ'&' m 73 K (assay for
transposase-accessible chromatin with high-throughput sequencing, ATAC-seq) . %% 3 480 /& & K
(RNA-seq) . 20 % & 15 4% B o 48 36 3 VA & Western blot ., % J& 28 ft. 4L % (immunocytochemistry ,
ICC) . S JE 2240 % (1mmunohlstochemlstry IHC) B Bk 96, J& "R M ) £ (enzyme linked immuno-
sorbent assay , ELISA) % % )8 5 7 = A7 TR, F %R T R A FEQEMagshse, v
JFEfib TR AE OGBS E AL FAF e L kAR G AR EKT B RE A
SO REATT AR
KR &k ﬁﬂ}u@’%% ; W G154

Advances in histone modification in insects
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Abstract: Histone modification is one of the main epigenetic mechanisms, and plays an important role
in regulating gene expression and phenotype. Histone modification can change chromatin status and reg-
ulate gene expression through modifications at the N-ternimus of histone residue, including acetylation,
methylation, phosphorylation, etc. Compared with vertebrate animals, insects have higher species abun-
dance, and unique features such as metamorphic development and complex phenotypes, making it a po-
tential model system for exploring the epigenetic basis of social behavior, developmental regulation,
and responses to toxicological substances in animals. In this review, we first provide an overview of re-
cent advances in histone modification in insects and focus on a number of frequently studied covalent
changes (mainly histone acetylation and methylation), the enzymes responsible for the covalent chang-
es, research methods and techniques (e. g., chromatin immunoprecipitation followed by sequencing
(ChIP-seq), assay for transposase-accessible chromatin with high-throughput sequencing (ATAC-seq),
RNA sequencing (RNA-seq), histone modification enzyme function verification, and immunological

technique such as Western blot, immunocytochemistry (ICC), immunohistochemistry (IHC), enzyme
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linked immunosorbent assay (ELISA) ) used in these studies, and the functions of individual covalent

changes to provide a reference for further study exploring histone modification in insects. This review

also suggests possible future directions for insect histone modification research by making efforts to

study histone modification at population level and exploring transgenerational epigenetic effects.

Key words: insect; epigenetics; histone modification

FEWg AL 2F e . Waddington 2 M, 176 H R
TAIE 5% vh B SR 4 DA s R 9 3] 3R A8 4 L )
(Waddington, 1942) . JL14£J5 , Holliday (1987) £t
X FRIE A 2 IR B RGP T, BB A DNA
J7 9 kAR T 5 | A 1) AT 35 A2 1 i PR Rk i SR A AR A
- FFRMBAL - HLEE A 3FIE, BV DNA H
HeAb | 4H 5 B J5 1B (histone post-translational
modifications, hPTM) A1 JF 2% 1% RNA (Waterland &
Michels,2007) . FRALIE &AM n] i P3N ik
S Z A e A AN iz () AR RIEL AR 20
ML SEFE AN oAb S AR 1) e A2 5 NI RS i A=
Wyt R A= ) KL B A= 1 itk iy SR Y BRI e 7 1 g
B P4k 1 (Ellstrand & Schierenbeck, 2000; Kim
etal.,2009), FULIEAL2: A LA REHE LR BRIA A T
TGRS (M FRIAR S RERE S i AL i T A M
AT AR AL Am b i mT S | DA T PR AR Ah )
MRz, 33 A7 B T B b 3 B A S R E R A
IR7T B R AE L] (Bossdorf et al., 2008; Richards et
al.,2010;Duncan et al.,2014) .

FHU A R AL AE  FEE SR A%
ZORENE UL K 3/ IN SE DR A 32838 18 BT 9% 6 W 1t A%
Y B LA W2 A B (Vieira et al., 2012 Chen et al.,
2015; Wang et al.,2015) . %} PubMed $45 i Y6 R
5 R WRTE O R R MECH R R H SR 5t A% 2% S0k
Hr, FAZE 1992 4F Turner et al. (1992 ) 3 i3 S 2 Je A iE
BT SR B X g e fA 1 1 HAK 1 6ac 1B MK - (3%
ANTEALEE I H4 156 16 LB IR 1) S BEA BN ) , ¥
YR B R 40 A VB 5 e (8 B D BB R
Ko SEAHHESMAELL, B REATF 208 a4
SHYICI AT e R ) B R T, LA T
WG AN ESE S A A F R SR | 2 A dORn AR
B vk a5 Ze MR n s oy, PRIk B A 32 1y
FENRR YA AT R (Yan et al.,2014) K H
42 (Mukherjee et al., 2015) . & H/E H (Bingsohn
et al., 2016) 45 & W 35t 1% J& filh (1) 155 4 (Bonasio,
2015) . TER HAFRMBEA T R TSP R H
PRI R R MG MR T 5 R IE BR Y 45
Z—o PR b 280 AR, &)
AR E R L B A I 1 S g W = A

BT Fi e b TAEFIE 55 1950 43 (Nijhout, 2003 ; Ernst
et al.,2015; Glastad et al., 2015a) , [ R k-2 R
U S WE X R AT MR Y TS (Bonasio, 20125
2014;Yan et al.,2014) . 7ERMEEAITH , AR
WLIE 728 S 52 o A P4 AR R B P A L A Ak
VBT ORI, koot B A e — 3, T
FSEANZ I A R 1) 2l s % A8 S P (AL AR A A
¥ KL (Richards, 2006 ; Bossdorf et al., 2008 ) .

A VB R 5 BRI KA i EAE N,
AT DA ST A4 R AR AR ) A Y 32 Y (Jaenisch &
Bird,2003) . AH T DNA HIEALAEMG , 418 1 & i
(ANS oA, 0 B 1R A v 9 2 57 PN D) REAEAN 7] 5326
B rp 5 B AR SF (Bernstein et al., 2005 ; Kharchenko
etal.,2011; Woo & Li,2012) , I AT fig Lt DNA F 3k
A T FE P 4 A AR 1 2 8 AT 9 (Simo-
la et al., 2013a; Libbrecht et al., 2016; Jambhekar et
al.,2019) . i HAT BF5E 3 W IO ME 5l 4 2 DX 41 114
DNA AR 7K P38 3k AR, 388 05 8 4 3 D9 201 i i
WE H AL 1) K FALFE 0~3% Z 6], LT TG v A
#](Feng et al., 2010 ; Bewick et al.,2016) ., iX 1 fig
7R 1 B Hurh DNA AR A8 i Y B SR 341G, T
R R L 3RO 5t AR R R 0 3 AL
(Glastad et al., 2011 ; Boffelli et al., 2014 ; Kozerets-
ka,2017),

SEHESh W AR D AR LE , B HA 4H 2R LB A
%% i A0 XF W J5 (Burggren, 2017; Glastad et al.,
2019). (HBEE I JLAE & PR HOR 1Y & R ABIHT ,
1) 2 e 20 ) P P AR A R A, T AT Bk B
2T B A A P 7 T T ST AR E A )
V9 7 % % Apis mellifera (Dickman et al., 2013;
Wojciechowski et al., 2018) , f# &' HL 35 55 35 i Cam-
ponotus floridanus (Simola et al.,2013a,b;2016) .5
7 Bombyx mori (Mon et al., 2011) . X b 3. $% 15¢
Anopheles gambiae(Goémez-Diaz et al., 2014; Ruiz et
al., 2019) Ml & 1% Locusta migratoria (Guo et al.,
2016) %5 B I L I, B BUh AAAE R AN [ sl
R B SR , BAE R R AR K LT h %
BHHEEEM . ASCHE S L0 R S E B2
el B R, DA R AR 58 41 2 11
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e Bt R L ST BB 1 5%
1 AEABITKIEINEE

/N 2 2 e 8 J5T 1 A 5 A B,
H2A \H2B .H3 FIH4 4% 2 4~ 2 i 2 3 /LR
R B 8 AE )\ AR 1K 24 146 bp [¥) DNA 21 i ( Tal-
bert & Henikoff, 2010; Bell et al., 2011 ; Zhou et al.,
2011) . Hor, ZHAR 11N i 2 DX 2 R AE /MR 2
A, 25 5 FE A B 240 A% A 1) 25 ol 2 2 1 8 A e 7
LM B, B 20 2K B 1 (Zhou et al., 2011) o 4
AR PR R A A 4y T B A SR IR
BUGE T A WS B A T Y 5T 7E
Il SR BR AL BRI AS Z (B A e e, 52 1 PRI 6
IKTE M, X DNA FUHABEE 1 R 510455 77 A P Ia]
15 HL %% i/ (Peterson & Laniel, 2004; Greer & Shi,
2012;Badeaux & Shi,2013),

H A B 7 R P & B 160 2 R 4 2R 81 28
T ABAL 8 — L T 418 3 H3 F1HA 7 25 N S
JE X Btz IR RS R R AL |, UL G 4G LR |
FPRL Wi i 5 Fnyz & 55481 (Kouzarides, 2007 ; Ban-
nister & Kouzarides, 2011; Suganuma & Workman,
2011), Horp X T A A AL TP SR i i Y
BNz, HEH CTHRALRERE IR 2 I DNA Z
(] () H AT A T, TR AT 5 DNA 6707, B
e s R 7 S5 B DNA B 19 R e M | 00 i PR e 5%
(Kuo et al., 1996; Zhou et al., 2011; Zentner & He-
nikoff, 2013) ; #l 5, 418 H Z BEAL B AZ B U AT 55
F R ] AT ER (de Ruijter et al., 2003 ; Shahbazian
& Grunstein,2007) . 418 H &M R, BEALE
WA R 5 A% N i BB XA 2B A, B IME
FE AT AR 2R A B R R A T A —
FAk (me) . —H Ak (me2 ) 5 = F 34k (me3) , M4
FRRGR AL T B — H Al 5 — F Ak (Mellor, 2006)
S U AR 0 FR A 2 S AR AR A H H3 1Y
554.9.27 F1 36 (LA RR IR AL 1o Gl AR 2L
Lo A TR A7 s i YRR AR A8 i B A A [8) 28000, 4
H3K4me3 \H3K36me3 Fl H3K79me3 5 & A (14 7% 5
TTE FE Y £ JFi A 5% (Rice et al., 2003 ; Kouzarides,
2007 ; Vermeulen et al., 2007) , H3K27me3 £ H3K9-
me2/me3 225 BE PR T ER FIL 5 44 € 0 AH 56 (Lachner &
Jenuwein, 2002; Turner, 2002; Martin & Zhang,
2005), YEELA YR R4 X Sl F] A7 7E H3K 4me3
FTH3K27me3 &M, X 2 R ifibnic Al BA5 BT, FR
NHE H W et 7R R BUR E T R OB R 1A
$#4F FH (Bernstein et al.,2006) .

AR FUBMR S I S LB 2 — R A HE A
it 5 I, ELR [R) AR T BN R B S S
415 (Margueron & Reinberg, 2010; Bannister & Ko-
uzarides, 2011) . ZAEM 4L 8 11 0] 5 HoAth 25 1 4
SEESE G, SRk A S R 6 T Xk
(Greer & Shi,2012;Badeaux & Shi,2013) . 7E41%K
PTG, 2H 25 11 S # I (histone acetyltrans-
ferase, HAT) 1 57 1k N I 2 X 16 24 R £ kA, 38
W5 R R IA A ¢ A A £ O BEE S (histone
deacetylase, HDAC) A4 21 & 1 I L ESE | {350
K /NI TR T B, A TS5 3502 5% 19 31 il (Balasubra-
manyam et al., 2004 ; Musselman et al.,2012) . 2
1 Ak i 41 25 11 R A2 1 (histone methyltrans-
ferase, HMT) #i:fk , JF Hh 2H & 11 25 F 54K (histone
demethylase, HDM) & . 78 i 5 & 1 il v, HMT
e HL 4 5 P (Kouzarides, 2007) . Holowatyj et al.
(2015) 45 7 i rh 13 F HDM, Jf e 7 H A 4
FREER A DO Re b ) S, QR TR S e o fox
TE R R AL ) B AR5 Noteh {5538 #6 45

2 EHAEBBIGHARTTIE

2.1 FBREELTUENFEAR

H A58 40 2R B 0 B SRR et i S e
13 (chromatin immunoprecipitation, ChIP) £ A,
IZHAR TG A TR b LS S A A R DR 2
DNA 58 [ 45 65 1% B0 9 5% 5% 9845 (Collas, 2010;
Galdieri et al.,2012) . & RPN G YL 6
PEILTPE -8 A 4% 38 (chromatin immunoprecipitation
followed by chip, ChIP-chip) 4% AR >k %5 % 20 5 H &
i ARIZHARAAAE — 8 R BRAE AR H THR % i )
EER A, FEFINARANEOLT SR FARTFA
FE EL IE 4 17 Hb ez 00 35 DX 2 v 2] 8 A8 A 1Y o A
(Gilmour & Lis, 1984; Ren et al., 2000; Roh et al.,
2004) o Bt S AR P HOR BOHET B, Gy 05T f
P& FL 0 3 M ¥ (chromatin immunoprecipitation fol-
lowed by sequencing, ChIP-seq) £ AN & il 0 4 3
2 31 T P R 0 2 3 B Y B 1% (Fields, 2007 5
Meyer & Liu, 2014; 3£ 8% ,2014) , ChIP-seq £ AR
R R BUARSS & B AR 1, & DITE 1
B AP E R DNA B, 4k RSO S
X E 4 ) DNA Jr Be ik AT = il 1 W ¥ (Park,
2009) o TEM TR B FE R G2 A5 LT, ChIP-seq
AR AT LUK I 1) fr A5 41 2 A8 i X 7 1Y) DNA 5
4 7 5 (Hirst & Marra, 2010; Werner, 2010) . 5
ChIP-chip #H Lt , ChIP-seq %) B P B v 78 55 7 1]
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W, H AT A5 RE AR 52 58 /)N (Schones & Zhao, 2008 ;
Schumacher et al.,2008; Lister & Ecker,2009) .

ChIP HARFFEEEXT H AR R A 0 ke vk,
I ChIP-seq "1 i H bR 8 LR S5 DR 5F , BT &
BB, BT R AT AR F R & 5t HA
R R S YR R P R RS R A R —,
WA AT RR TR SR L R L3N P I A BT T
FEAR A B 4 B DR 28 3 L ) 4 2 A8 i D O3 A
(Malik & Henikoff,2003) . {44 ChIP-seq i AR 7E
IOz b [RIREAFAE — 2 Sy BRAE: : ChIP 35 v (4 52 3K I
P A R 2 R B AR SR AT Sk, H R A DR
SELRZH T LA SRR 45 6 RCR B, MELL T 20
HE R E RHEIGE . X L R]E, T 4
Al AR 2 S ] 8 AR 18 e AT i 25 4
ChIP-seq £ /R %4 % (Schmidl et al., 2015; Sundaram
etal.,2016) , 540 Simola et al.(2016) i i fi Fi1 &4
DNA 4" 3 345 5 2 19 53 H 4 BHEE ChIP-seq 45 A BE
Py -5 M A KA WFFY o Native-ChIP £ A
)2 A% 4t ChIP-seq £ A (9 B0 77 125, BRI A ek
A% TR i TH Ak R 45 5 19 DNA F3E 17 50 9% U0 e
(O’ Neill & Turner BM, 2003) , % A #Y % Jé it —
AR HE T I BB BT A5, AT DUSOR T
iy B 2 LT R 20 AR B A % 7Y BF 5E (Brind”
Amour et al.,2015;Lewis et al.,2016)

FEARE R AU R v, 38 48 ChIP-seq £ A 523K
417 11 H3K4 . H3K9 H3K27 . H3K36 £ i1k . H 3
55 22 b 4 B TR 20 48 A P 3% 19 22 1 (Yin et al.,
2011;Ye et al.,2016;2017) . FiibZ4h, ChiP-seq £
A B M TF ¥ 5 % % (Shpigler et al., 2017;
Wojciechowski et al.,2018) % HL ik =5 5 I ( Simo-
la et al., 2013b; 2016) . %X %% (Shoji et al., 2014;
Cheng et al.,2018) . X] I V. #% ¢ (Ruiz et al., 2019) |
e Heliconius erato(Lewis et al.,2016) fl R+
22 520 Bactrocera tryoni(Nagalingam et al., 2018) 45
B BIETE T, ARG AR BT s o b i/
FHEAE T HIESE . Maleszka(2016)1AN , AR AT
Gt 2 NI P TR B A A ) A R PR 2 3B 1) 24 R A Y

S B HE R 2027
2.2 FBEERERG R R M R R

Yy o Ji7 i ) Bl PT B M Ty (assay for trans-
posase-accessible chromatin using sequencing, ATAC-
seq) T ARFN FH Tn5 5% JA£ B4 0 7 42 3k #8451 DNA
TR 3G ) DX sk B X SR 2] b 5 T O £
SRR B P S BEA TN o R E B T T
TG A BT T R Mg (5T AR R 7 A B sk

TBI 455251 9E T (Buenrostro et al., 2013 ; Davie
et al.,2015;Blythe & Wieschaus,2016). HAif, HT
WHFFE Y0 5T AT Ko VR 7 v 2 4 oK A A R
fif JH f# M J¥ (micrococcal nuclease sequencing,
MNase-seq) . JIit S8 A2 M 4% 2 B 7 (deoxyribonucle-
ase I-hypersensitive site sequencing, DNase-seq) .
1 A By 4 29 98 45 o0 24F U 7 (formaldehyde-assisted
isolation of reg-ulatory elements sequencing, FAIRE-
seq) Fll ATAC-seq. 5 H: At 3 B I 7 7 15 40 L
ATAC-seq £ & W1 A PLH  FE S 7R &/, Fe 4
Jf K 292 25 000~75 000 45 I EG HRAE ff 2, 1L
2 S | TS 5 8 i 457 A1 PCR ™1 3 S 20 BRI
AT A A 5 SCHE 5 o i) 2 A ey HL iR 5 AR
i (Buenrostro et al., 2013; Corces et al., 2017;
Doganli et al., 2017) . {H ATAC-seq {1 % %] — 2L [
il , HEERAI AR} Ry 5 B A i BV VR IR AT, SR
FHT B4R, B85 5] AR5 44 (Corces et
al.,2017)., HTHil ATAC-seq £ £ BN B 58 TR Il 4L €4
o ) T BB R JF © A SR 0y B 5 T Afd
(Blythe & Wieschaus,2016;Meers et al.,2017) .
2.3 HRANMFHEAR

5 20 ¥ (RNA sequencing, RNA-seq) 4% A J&
— PO AR M)A N RNA T 51 PSRN =F B R4 1400
MIFEAR S I AR AR R AL 2= i o vh iy 3 2 1Y)
— R PR, B e R PR
ANZ W AP BRI SE AT 5. (Wang et al., 2009 ; Costa et al.,
2010) . Yocum et al. (2015) il i % & %5 1 nf- i
Megachile rotundata ¥ & ML B Ji RS M4 5624
AT T, S T 643 N B T LI A SR PR SRR
242 A0 B G TR Bk A K dg a7
H3K27me3 () PRC2 £ AL o 1 i i S 4L 7 i
TE T B M 2H 2 B M AH DG Y DG B B I, 3 e 208
1o 52 B O R i PCR B2 AR PR VA b 53 A1 A [] 4b
A B 3R 38 22 % (Reynolds & Hand,
2009a; Mitaka et al.,2020) .
24 HAEAEIHEFIIEERIE

X2 AR B R 0 AFFE AT LASE ) 4 40 2
VR T 5 59 B RNA T4 (RNA interference, RNAi)
F A BELUBIT s 400 il AH DG Bl 5 ok S B, A AT e
Ao T A AN A ) o P 6 ] S A P 1) S AR G
A 45 19 & [H g 5 (clustered regularly interspaced
short palindromic repeats/CRISPR-associated 9, CRI-
SPR/Cas9) HARTERF & S BN 26 B
2.4.1 Aph) A A

it FH 20 B 1146 i A0 1 7] 5 B0O2E ) 1k 3R U AR
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S, UEBAHOCA A B R ThRe, 35 T B Ay PR
TR R AR 10 5 4 R 4K R Y
75 7 (Afshinnekoo & Mason, 2016) . HAT.HDAC,
HMT FTHDM EA7RE 5 AR A il 50 b 38 25200
FRPZH AR H R PR, iE i HDACH)IFH TSA
1 BuA b B 5 BE S | hsp 70 FE R 1) e 35K F- T
1o, R WA 1 SIS hsp 70 HE DR 05 5%
JH#2 (Chen et al., 2002; Zhao et al.,2005) . Huang et
al.(2012) % B HDAC il i3] NBM-HD-1 BEf£ 4 75 8%
FHr MRIP3 25 1 LA, DT el i & i A
AR, AERG = ST X 28RO e AR Sk e ek
AR T A G2 R ey e A
2.42 RNAF#HHAK

TEFRWB AL ST R A0 e TR 5 1) T Lok 4
R BB vig e o R (|l | BB U RS WL 4 b= e AR VA
J M 2 7S (Bonasio , 2012) o — i LR B
JH RNAFE ] 75 R 3548 27 rh o A FH ny B B 3 ik
fi) & H 3 5 s 4] M A XUEE RNA (double-stranded,
dsRNA ) FH A5 2 5 PR %) B0 15 53 S, 5 | e i 05 4
B mRNA R, AT BR3P T BR B SRk 1
R R (B A, 2008) o B AR #I I D HLAT
Festk R G L B eSS AT A R A
i it O B DR A R TICRR , 7 A A N () D ek 2k 2%
A NSS4 2 B 9 /EH . Zhang etal.(2018)
1EMy RE\ Nilaparvata lugens 1 E ] 121~ HDAC i,
51,3850 RNAT AR Y IE I TUER , R B NiHdacl |
NIHdac3 FI NIHdac4 8323 VAP a0 & B 7EME
HAETE R 73 CHEYEH . Chou et al. (2019) i
RNAi AR FILARAUATs Tribolium castaneum %) HL
(14 2 R HMT AHOCHER] , 2] H3K 2 7me3 7EAR AT #54))
AR B R A AR R AR
2.43 CRISPR/Cas9 % H % 4f % 4

JLAE RNALHOR & 78 B U5 vh i 2 4F (B
XA R TR R S iR JCik R
Xof 224k R R AT T 40 A5 Bk 5 (Jackson et al., 2003) .
H AT IE R R E X R 7 BB 2 I TR T A
Bl 4na] LA ] CRISPR/Cas 7£ HAT \HDAC HMT FlI
HDM %540 ¢ B AREE P s S 5 | A 5748 (F 46 2 ]
IRRCER R ICRIRGE ) (X2 T4, 2018) , B e 4
) B/ F AR KT & A AR, DT 0 A
[RIZH A 748 [ 4524 (Bonasio, 2012 ; Gaj et al.,2013) .
Bassett & Liu(2014) il Port et al. (2014 ) 7¢ S+ DA
DNA RNA 5 [ 51 i 20K A% B2 N D) Cas9 TE
SRR TR AT DAHEA T st A PR , MR ) ) 5 v A
FEIN L 25%~100% B9 1518 R84 45 f5 AU, Penke et

al.(2018) 2y T WF5E 414 1172 1A H3 3K9 7R i A &
Hi i) £ FH I CRISPR/Cas9 JE K 2 4 5 G675 9 T4
H3.3B 751 KIRHUN, SR J5H IR iY) H3. 3B %
ARG IR 5 S e AR 1 H3.34 Tosk G FE IR 4
£, AT 4E T H3.3K9R i~ 4& . F ] CRISPR/
Cas9 F& [H gt 5 2 G0 2 7 10 21 2 11 48 il 1Y) 58 A8
B R N g 2 DX IR e e 1) 2R A8 Ry AR W
BRI 2H e R S B R BT A A 0 & R %, ATk
B RNAT I ] 1) Ak 2 %) o

2.5 REFHIE

B A R B AL Geff o Jr ik B T s
227 ¥, 914 Western blot | 433 41 ffd £k 2% (immuno-
cytochemistry, ICC) 5 % H AR (immunofluores-
cence, IF) | 2 % 2 21 b %% (immunohistochemistry,
THC ) FHEEHK B2 92 W BHI 72 (enzyme linked immuno-
sorbent assay, ELISA )45, 7EIL M %5 M e it 25 B
M BIFgE R R HIE G S i 7 5 B AE 4 8 U
¥ % fir (Zhao et al., 2005) 4= & & (Shanower et
al.,2005;Bodai et al.,2012) .ic{Z (Merschbaecher et
al.,2012) Fih 2% 954 4% (Spannhoff et al.,2011) %5
THRETF T — RIS . (HRAE G e T Bt
RN o =R A R oI PNa ' f A SR NI}
REAS 1 X AR AL A B A (5 253055, 2019) .

B T IR i M ASORORE €433 (ultra per-
formance liquid chromatography, UPLC) (Henry et
al., 2016) | S #H = S0 A (4 1% (reverse phase high
performance liquid capillary chromatography, RP-
HPLC) (Mon et al., 2011) . & 43 B 5 Ji 315 {X (mass
spectrometry , MS) (Ong et al., 2002 ; Dickman et al.,
2013) Y AH €83 - J5T 3% £ X (liquid chromatograph-
mass spectrometer, LC-MS) (Feller et al., 2015; Shen
et al.,2015) FFHAR LUROK H 558 0E [F A Rbmic R
G, IR B A Al B B i 2 R A A e
W R4 T EZAEH.

3 EHAEBBIHRIIIEE

ZH R BT B R R AR R 25 e A v
TR HU 2B SR W Drosophila melanogaster, H. 2
N5 HEBRBE TR A E KR
> e ANAE B SRR 2 R B R R LR (R
1) PRIHOCT PR R a2 2R B F SN AR LR
B OCHEE & FE FEHE MR b &R o
P Ak R A A A A AR S R A T A D) Rg B dE
FEos R A b R VB FRROO A R )
X RALZ M SF NES
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x1 BERBHAZESEIGIIE

Table 1 Histone modification functions of Drosophila melanogaster

LA B DS WIE FELW 27 SCHk
Histone mark Research method Major finding Reference
H3K4me3, gRT-PCR, ChIP, i £0F R H3K4me3 & AR 0 ; TRl F H3K27me3 BAEREHif Sharma et al,

H3K27me3 ChIP-gPCR The enrichment of H3K4me3 is higher under non-stress conditions; 2017
H3K-27me3 is more pronounced under stress conditions
H3K4me3, GPEFRIC (ChIP-qPCR . SM Trithorax H3K4 FHRLAL R i) 3¢ 15 5200 s 507 B 2 R T i, Sadasivam &
H3K27me3 qRT-PCR Over-expression of Trithorax H3K4 methyltransferase can induce ecto- Huang, 2016
Immunostaining, ChIP- pic adult appendages
qPCR, qRT-PCR
H3Kd4me3, ISH, qRT-PCR, ChIP 15 SR ran SEPRIMGSR T HOTE 1R, . tan J3 )7 AU H3K4me3 32l Gibert et al.,
H3K27ac PESRBE T 2007; 2016
Temperature modulates the activity of an enhancer of fan, and H3K4me3
on the fan promoter is strongly modulated by temperature
H3K4me3, RNA-seq, ChIP-seq ~ H3K4me3 1 H3K36me3 17 1 yia Bl AR BE i o AL AR M4 3 KM 3 Yu et al., 2017
H3K9me3, J,{H H3K9me3 U AH 2
H3K36me3 The coverage and intensity of H3K4me3 and H3k36me3 increased with
evolutionary age, but H3K9me3 is opposite
H3K4me2, ChIP, DNA microarray {HERIEIRIKIH3 FITHA B 2l L, HLH3K4ATH3IK 799 3k Schiibeler et
H3K4me3, Active genes are hyperacetylated for H3 and H4 and hypermethylated at al., 2004
H3K79me2 Lys4 and Lys79 of H3
H3K4me3, IF, MNase-seq, ChIP-  H3K27ac Al H3K9ac 7£ 34 38 Fl 2h 7 rf (19 sh A8 AL U R 6 54 Ye etal, 2017
H3K9ac, seq, RNA-seq 2 T4 2 Bt AR OC By S [
H3K?27ac Dynamic changes of H3K27ac and H3K9ac signals in enhancers and
promoters synergistically repress genes associated with neural stem cell-
related pluripotency
H3K4me3, ChIP-qPCR, Western ~ H3K9ac .H3K9me2 Fll H3K 4me3 45 S b Al 5 Ak 5% Taylor & Har-
H3KOac, blot H3K9ac, H3K9me2 and H3K4me3 control rhythmic transcription in din, 2008
H3K9me2 rhythmic transcription in flies
H3Kac, MNase-seq, ChIP-seq, i A ECE 04 A ) H3K27me3 5 S48/ T & B3 2T Ye et al.,
H3K27me3 IF, RNA-seq AR AR A 3L BE s H3K 9ac {5 S 7E M 2 B /AL T B A 3 2016; Chen et
H3K27me3 signal in the cis regulatory elements reveals the differentia- al., 2019
tion potential of progenitors during neuroglial development; H3K9ac sig-
nals increase in a group of genes important to glial differentiation
H3K9ac, Western blot, MS T R SR () S A R R, AR 1 SRR 5 HAK 12 \H3K9, Peleget al.,
H3K18ac, H3KOK 14 Fl H3K23 i [i] FAE 15 5 & 2 Wi Ak, 17 HAK8 AT H3K 18 {7 25 2016
H3K23ac, N 2. Bk
H4K8ac, Histone acetylation sites H4K12, H3K9, H3K9K 14 and H3K23 tend to
H4K 12ac become hyperacetylated and the sites H4K8 and H3K 18 become hypo-
acetylated throughout the aging process in D. melanogaster
H3K9me2, Western blot, RNAi,  KDM4A#if 2k B [EE)H 2579 H3K9me2 H3K9me3, /E R 73L Tsurumi et
H3K9me3 ChIP e R al., 2013
Kdm4A functions as a transcriptional co-activator by removing the re-
pressive histone mark H3K9me2, H3K9me3 from cognate promoters
H3K9me?2 ChIP, Western blot, [ 25 AT A B8 K, S g 40 s ) AH G A9 H3K9me3 \H3K9me2 Ll &2 Larson et al.,
qRT-PCR YL AR 1 SRR R 2012
Significant decrease in the enrichment of the heterochromatin- repres-
sive H3K9me3, H3K9me?2 and heterochromatin protein 1 (HP1) marks
have been found with age
H3K9me2 THC, Western blot, ~ HMT(EHMT/G9a) &% i 2 1 /)MA H3K9me2 , i #5645 7 JE A (9 Kramer et al.,
ChIP-seq, RNA-seq, 3Rk, Al 24 ) NI4T 2 A5 R 45 2011; Shimaji
qRT-PCR, ChIP-qPCR, HMT(EHMT/GYa) is responsible for nucleosome free H3K9me2 and et al., 2015
RNA-FiSH controls transcriptional levels of some zygotic genes and orchestrates an
epigenetic program featuring classic learning and memory genes
H3K9me2 IP, Northern blot, H3K9 HSLF AL dSSETDB1 X SRl 4 5 Yo (L fRiF 1 730 (L Tzengetal,
Western blot, H3K9 methyltransferase dSSETDBI epigenetic regulation of Drosophila 2007

DNA microarray

chromosome 4
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Histone mark Research method Major finding Reference
H3K9me2 ChIP, Genome tiling 4T (O IL B LS 25 & H3K9me2 A9 45 Fy Ik Yasuhara &
array Drosophila heterochromatic genes are integrated into the domain enri- Wakimoto,
ched in H3K9me2 2008
H3K9me3 ChIP-chip, RNA-seq,  Fifi5 AF444E Il H3K9me3 [LEAZK A5 Firkg fin Wood et al.,
Western blot The overall level of H3K9me3 increases 2010
H3K9 H 54k Western blot fe%hn  H3K9 H AL RS B AE AL + A A vh VR Ushijima et
H3K9 methylation j qRT-PCR H3K9 methyltransferases play roles during Drosophila spermatogenesis al., 2012

H3K9 .H3.3K9
i

H3K9, H3.3K9
modification
H3K18ac

H3, H4ac

H3K23ac

H3K27ac,
H3K27me3

H3K27ac

H3K27me3

H3K27me3

H3K27me3

H3K27me3

H3K36me

H3K36me3

H3K36 kAL
H3K36 methylation

Western blot, Immu-
nostaining, qRT-PCR
CRISPR/Cas9, IF,
Western blot

UPLC-MS/MS,
QqQ-MS/MS

LC-MS, RNAi

RNA-seq, IP, Western
blot, IHC
ChIP-seq

Western blot, RNAI,

ChIP-chip, qRT-PCR
ChIP-chip, DNA mi-
croarray, qRT-PCR

Western blot,
qRT-PCR

Western blot, RNAi

Western blot, CRIPSR/
Cas9, ChIP-seq, RNA-
seq, qRT-PCR
RNA-seq, TAC-seq,
ChIP-seq, qRT-PCR,
Western blotting, IP

DamlID, ChIP, DNA
microarray

RNAI, IP, Western blot

H3K9 FAEIR H3 3K B TE & & A sy v B S R

K9 modification of variant and canonical H3 have overlapping roles in 2018

Penke et al.,

development and transcriptional regulation

BT BOE S R F e PR T RAERIME 2K F W BeH 11 £ Henry et al,
BEARL Y R GE ;5 y SRR ST A8 = 1 H3K18ac /K- 2016
Present a methodology that combines MS-based histone analysis with
developmental genetics to characterize histone acetylation patterns dur-

ing multiple developmental stages of Drosophila; y-irradiation dramati-

cally increased the level of H3K18ac
FeF i, IR T — i 5E 0 A B Ak SR g 40 b 13 1 H4 Feller et al.,

LA 1 1 7 2 2015
Devised a generally applicable, MS-based strategy to accurately quanti-

fy H3 and H4 combinatorial acetylation motifs in Drosophila cells

W50 K2 ZR 5 A RE R IA 5 HBK 23ac A7 K% Bodai et al.,
Ecdysone induced gene expression is associated with H3K23ac 2012
H3K27 &M ST S 52 W SE R 2 (1 B s 3 Bowman et

H3K27 modifications define segmental regulatory domains in the Dros- al., 2014
ophila bithorax complex

CBP /21 H3K27ac F5 P48 Polycomb & [117T#R

CBP-mediated H3K27ac antagonizes Drosophila polycomb silencing
55 PeG 455 Y (B BE H3K27me3 41, I3 7E e s LALIUER Schwartz et
PcG-bound chromatin is trimethylated at histone H3 Lys27 and is gener- al.,2006;Tol-
ally transcriptionally silent huisetal., 2006
LB Y P PRC2 (1 2420 ME S [H3K27 R 51k R4 A4 E(2) 12 Siebold et al,
HPHRH3SEEEH ESC) B G R IE R FFIRH3K 2 Tme3 /K 2010
Heterozygous mutations in two core subunits of PRC2, H3K27-specific
methyltransferase E(z) and its partner, the H3-binding protein ESC, re-

sultin increased longevity and reduced levels of H3K27me3 in adult flies

TRER IR B S ECRE H3K 2 7me3 KP4 KRR, I A i Xia etal.,

The low-protein diet resulted in higher levels of H3K27me3 and a short- 2016

ened longevity of F flies as well as their F, offspring in Drosophila
H3K27me3 TEE & R UbE SR K e S (e
Epigenetic drift of H3K27me3 in aging links glycolysis to healthy lon-

Tie et al., 2009

Maetal., 2018

gevity

BT H3K 36 745 A sl S DN ek h R A5G S J D Meers et al.,
Modification of H3K36 plays a post-transcriptional role in maintaining 2017
metazoan transcriptome fidelity

UM P SRR Y 2 JH G (0 T H3K 36 HIEAL R AN A Filion et al.,
H3K36 methylation of the two types of transcriptionally active euchro- 2010

matin are different

U dSer2 2k H3IK36 AL B, 1 4 & s A n b Stabell et al.,
Drosophila dSet2 encodes a developmentally essential H3K36 methyl-2007
transferase




252 oW R 2E W 484

£F3k 1 Continued

413 P W5 dr K FELH 275 3CHik
Histone mark Research method Major finding Reference
H4K 16ac ChIP, qRT-PCR LT [ 2 BEAk el SR b v, X e (e A S R fy s S 1 Smith et al.,
Global histone acetylation control the transcription enhancement of 2001
X-chromosomal genes in Drosophila males
H3K79 F3E4L Northern blot, West-  grappa It H3K 79 H LRSI s H3K 79 H AL B B BX-C A BLY)  Shanower et

H3K79 methylation ern blot, ICC

AR A THEAERTE

al., 2005

grappa functions as H3K79 methyltransferase; the appearance of methyl-
ated H3K79 coincides with the maintenance phase of BX-C expression,
having a unique role in development

Zhao et al.,

HDAC:I causes lifespan extension and elevate Asp gene expression in 2005

Chen et al.,

Histone acetylation is involved in Asp70 gene transcription regulation 2002

Shalaby et

HDM(JmjC) domain proteins modulate circadian behaviors and sleep in al., 2018

Tiebe et al.,

Complete knock-out of dSETD3 did not affect the proliferation and 2018

RNAi, DNA microar- #21k 4= i i fifF A1 4= 4 2 R 5% i) SR 8 K9BioH3 | K 18BioH3 &1 /K Camporeale

LAk HDACI (TSA,BuA), HDACH 51 RMEA A AE K hsp FEN K TR
Acetylation qRT-PCR, Western

blot Drosophila
LAk HDACi (TSA, BuA), #EMAZBALS 5 hsp70 3 K% R
Acetylation IF
HIJEAL IHC HDM (JmjC) AT #2315 7 L B
Methylation

Drosophila

H2EAL CRISPR, RNAI, RS S HMT (dSETD3 ) X A K A B GH T 5201
Methylation Immunostaining,

qRT-PCR growth of Drosophila
K9BioH3,
K18BioH3 ray - T S A b vk

et al., 2006;

Holocarboxylase synthetase (HCS) and biotinidase (BTD) affect K9Bio- Smith et al.,
H3 and K18BioH3 levels, life span and stress resistance in Drosophila 2007

3.1 BHAEHZHMKIEIHRIThEE

R OB R A 2Pk B R GO Jy T
KRG HEAEH (3R 2) , Hor R S H 2 rh X
MR G — ELLIK W58 19 5 45 (Zayed & Rob-
inson,2012) ., Simola et al.(2013a,b) il 17 X3 % B
55 1WA RN E4T ChIP-seq 4 #T , & B0 26 11 5
B BE DR BT 30 1 G € T 45 R A A R X 43 1 2 A
T 2% A minors 1 majors, H:H H3K27ac /22 AU A
JE A R AU R, HORH G £ k2 B i CBP
(cyclic adenosine monophosphate response element-
binding protein (CREB ) binding protein) P ¢ AU 45 5+
P 3¢ 35 (Spannhoff et al., 2011) , AN [A] ¢ AU 2 [a]
H3K27ac B iK1 7 A 22 e i BE R R 2 S5 LA &
B S AR 2T T A G . H3K27ac ib 1 53
PHEAN RGO ETT . 1w CBP il ) 1)
T AY TR A ST 232 214 (Simola et al.,
2016) . SIEBARTSESE R AA, FEVY Iy e rh 2 iR
I LA A8 T IR T 4Ty s AT i b -1 Ay e
J5 B T WX — F R AR AL 96 h S i 4 HUh T i
I G R BB R gL, SRR T R
Y G EE I ] 25 (Dickman et al., 2013) . fF5¢ %
T 10-HAD HA3 HDAC #4551 3 1 (Kouza-
rides, 2007; Spannhoff et al., 2011) , Ji# % 5 DNA
A L 5L AL T — i & 4% F (Jaenisch & Bird,2003) ,
s e o e e GRS A R S P L R v S B ST E

SRR A ALK 55 (Foret et al.,2012;
Huang et al., 2012) . Wojciechowski et al. (2018) %
X 4 W 1) S 3 43 B A B H3K 2 7ac J2 BR 7 % e i 7k
I AR A R B bR IC , H AT H3K27ac &1 (1)
PORVRRE XS T TR, i HAS T E,
W J S 0 A 21 2K A £ RS 8 Siirtuin 2 (Sir2) ik
O (AR5 ,2012) o B FRIROUNT R U F AR
AT 35 TR 5 ), Bt 5 3 BB 1Y) o o RN R i mT
PLIE 3 75 S 2 8 B 10 AR A R A s JE R Y 2 s
(Maleszka, 2008 ; Cridge et al.,2015;2017), EEH
o e T 5 i S W R AR I T A, TE R LA s
Gnathocerus cornutus F LT & T AH WY, K2
o8 HUE R BRI 5T B S RET, SR R A TR A
LI R i BB A Al REPE 5 107 1 S HDAC 410 i 571 ¢
RNA T3t HDAC FEPR W25 520 N & i ) KN, 6
R S AT RS S8 MR H Ui SRS DR A R
n] A K (Ozawa et al.,2016) , (B = & FE 541
H LA 2 TR 3K 2R B9 B3RS

Kt st RIAAE A OB 5 R A
it & #H & (Reynolds & Hand, 2009a; Hickner et al.,
2015;Reynolds et al.,2016) . i & & —Fh Al ¥4
VARSI B2 B PN B e 1B ) i 2 S B
(Kostal, 2006; Hand et al., 2016) . 7 &8I 4 % 4L-
lonemobius socius Nt Z P T L 4~6 d 1Y F I
i 28 55 H B AL B 2515 5 3 AW (Reynolds &
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Hand,2009b) . 7E#EAHEE ZHT, SN E RIS KOQHE RS A, IRl 75 Q35 128 80 4B Pax

4 reptin (17 5 i Tip60 20 7 11 £ WAk 52 A1)
Ryz2ikar I T 24%(Reynolds & Hand,2009a) . #ff
5% 2 W] Tip60 & A 1A i 1 ¥ 41 86 (4 H4 Z ik Ak
S TR (Qi et al., 2006) , Al REFHUE F 15
o I PEML Culex pipiens 1Y 4 I %) MU B 2849 H
HE Ab 3 5 25 5 | RS ME B AL 9 A B W A (Spielman &
Wong, 1973) o Il FHAFE 51 i) i Si AL 1% o0 M e R 2
H RS A T 1R 3R B PR IO v A % e o Jo 7 9 ik
TR L A 2 0 3R 3K, A4 B NuRD H11 Sin3 44 (1,
Jot B YA A2 A R ZH A Y B 43 3k IR (Hickner et al.,
2015)., NuRD J&—7#h ATP i) &2 & 11 B Ak, al
AR Y o I 58 SR I I 1) S PR %% 53 ( Clapier & Cairns,
2009) ; Sin3 & A4 & HDAC1 M HDAC2, B A #iil
RESEROAE T, BF9T 0 Sin3 B AR S E HIOEH
AW EE R AR OC AR FTR G (Liu & Pile,2017) .
211 itd & 4] (Swaminathan & Pile, 2010) 33 1 Fl %5
it (Barnes et al.,2014) . 414 H & WAL ] GE S HE

H AN Rk K T 445 (Sim et al., 2015) .
Pax J2 A JAE i v ol 8 7 5 A~ FOXO By R il
#0475 (Lechner et al., 2000; Sim & Denlinger, 2008) ,
HZ 5T Sirtuin 1/Sir 2(1 ' NAD {6/ HDAC) #1
T DT AR i R (Y TR ER 11 19 2 {37 (Tissenbaum &
Guarente, 2001 ; Rogina & Helfand, 2004 ; Latham &
Dent, 2007 ) . KWW Sarcophaga bullata 1€ 5P ] 5
1 % O PR AT H BE AL B S 76 0 F AW E
(Denlinger, 1972) , J-FF:l & 2H 5 1 H3 Z kAL (&1
I8 T5% | 5 £ T AT P 1 355 B AT L B2 AR G
3 K Hdac3 . Hdac6 ., Sirt] F1 Sirt2 3215 B AR
(Reynolds et al.,2016) . & X LB & 55
RIUTERAR O, PR 2 8 1 H3 SR T AR IR ] RE
S BOHE R ) R R X 5 R AR AR A 4T (Den-
linger,2002) . 45 AURIFSE b i — 20 S i B 2ok
PR32 208 1 S AR AE R R 0 B A DL R 2 AR
CTEAAE AT 4 B A R B

*2 HthRRMAES ZBUIZIHINEE

Table 2 Histone acetylation functions of other insects

HEH B

E= T T a1 B EERI Sk
Group Species modification Tissue Methodology Major finding Reference
i P Ok R AR Western blot, % T3¢ H.4 HDACi i P, 7] 8 #% Spannhoff et al.,
Bee Apis mellifera Acetylation Hypopharyngeal, HDACi fE[q 1 9% %I %% 7% ; HDAC %t [N sir2 5 2011485345,
mandibular 2T hdacl W Re5 B GO AT ¢ 2012;Huang et
qRT-PCR HDAC I activity in royal jelly might al.,2012
Western blot,  facilitate caste switching in bees; Spannhoffet al.,
HDACH, HDAC genes sir2 and hdacl may be 2011; Guan et
Proteomic anal- related to caste switching in bees al.,2012; Huang
ysis, qRT-PCR etal., 2012
H3K27ac  BPERE SKET RP-HPLC,  BJ5 AL 96 h 2t A48 &4 Dickman et al.,
Ovary, head ChIP-seq, FRECANA] , H3K27ac 20 28 e MEME 2013; Wojciech-
RNA-seq OB S il owski et al., 2018
The histone modifications of queen
bee and 96 h old larvae are different;
H3K27ac is the key chromatin modifi-
cation determining the female caste
H3K9ac, ling Western blot, £tk % 1012 WL XA 987 Merschbaecher
H3K18ac  Brain ELISA, HDA- |, Al{2#E sk dilicdZ ;712 2 5K etal., 2012;
Ci (C8, PB, NEMLE I Lockett et al.,
NaB) Acetylation-mediated processes act as 2014
bidirectional regulators of memory
formation that facilitate or suppress
memory; widely involved in the aver-
sive olfactory memories of bees
H3K27ac BRI ChIP-seq IRk 2 Wk R e (4 5 v K JLF- Shpigler et al.,
Mushroom WA, REZHERRBERT 2017
body eI WS

Few changes in chromatin accessibility
in response to social challenge; most
DEGs were ‘ready’ to be activated
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Group Species

2 B
Histone
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24
Tissue

FFEEAR

Methodology

FELH
Major finding

EZ PN

Reference

i GEZEERIN

Ant S
Camponotus
floridanus

AR

Temnothorax

longispinosus
£ P S

Silkworm Bombyx mori

HE L
Reticulitermes
speratus

I

Termite

Iy X] H T s
Mosquito Anopheles
gambiae

IR PR
Culex pipiens

i e RN

Fruit fly V{0
Drosophila
melanogaster,
D. hydei

H3K27ac

H3K27ac

Ltk

Acetylation

H3 &1
H3 modifica-
tion

H3K27ac

H3K27ac

\

H3K9ac,
H3K27ac

LA
Acetylation

H3 H4 &1
H3, H4 mod-
ification

i
Whole body

ik
Brain

=i
Whole body

i3zl
Whole body

i
Whole body

il
Whole body

EPIINIIE

Testis, ovary

i
Midgut

Ll
Whole body

P

Testis

ChIP-seq

ChIP-seq,
RNA-seq,
RNAI

HATi

RP-HPLC,
TAU-PAGE,
MS

ChIP-PCR,
ChIP-seq,
RNA-seq,
RNAI,
qRT-PCR
RNA-seq,
ChIP-seq

RNA-seq,

qRT-PCR

ChIP-seq,
RNA-seq

DNA microar-
ray, qRT-PCR

ICC

5P B IR AR SC Y hPTM (H3K-
27ac) T HU AL LA v L 5]

The hPTMs that are associated with
actively expressed genes (H3K27ac)
were highly overrepresented among
methylated genes

H3K27ac A5 534k ; CREB At
S0 L BALRTHDAC A 11 25 2.1k Ak
PRSI TG IS T
H3K27ac facilitate caste switching in
ants; CBP-mediated acetylation and
HDAC-mediated deacetylation of his-
tones control caste-specific foraging
and scouting behaviors

13 H S BEAL TR W WU T
Histone acetylation plays roles in the
regulation of circadian rhythm in ants
YOE T R R R R A
H3 il

Identified the modification profiles of
histone H3 in holocentric silkworm
chromosomes
TEAINTH3K 2 7ac i) ChIP-seq i 4k
TG A BmN4 21 i Y UL R R 20 1] %
Upgraded the epigenomic map of
BmN4 cells map by adding ChIP-seq
data for H3K27ac

W5E B R (20E) 4 # 5 & 7 H3K4me
(3438 77 H3K27ac Hh fib 7w H sh A7
e, FEAR TR o S D e SR 1
Enhancers enriched for H3K4me that
showed dynamic changes in H3K27ac
after ecdysone (20E) treatment and
functioned to regulate the transcription
of specific genes

S 1118 M e PR 7 ) S AL A
IELUEE LT S

Some histone modification genes are
remarkably expressed in the king’ s
testis and queen’s ovary
NI A A BB e 5 X L 4%
W H B

Infection by the human malaria para-
site leads to histone modification
changes

HEEA LB R 5 5 A R
IR TS S B G 2
Histone acetylation are key drivers for
the integration of environmental sig-
nals into the diapause induction phase
in mosquitoes

YE T 2R R SR AR A
(5N

Investigated histone modification pat-
terns in testes of D. melanogaster and
D. hydei

Glastad et al.,
2015b

Simola et al.,
2013a, b; 2016

Libbrecht et al.,
2020

Mon et al., 2011

Shoji et al., 2014

Cheng et
2018

al.,

Mitaka et al.,
2020

Gomez-Diaz et
al., 2014; Ruiz
etal., 2019

Hickner et al.,

2015

Hennig & Weyr-
ich, 2013
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Group Species modification Tissue Methodology Major finding Reference
Hiy s OBt Sl RNAi, RNA-  HDACHHEH I FEEREREAIBE  Ozawa etal,
Beetle  Gnathocerus Acetylation Head seq, QRT-PCR  HDAC regulates mandibles pheno- 2016
cornutus typic plasticity in beetle
IRk MEP IR LBk = RNA-seq, qRT- 418 1 ZBE L a1k i & Reynolds &
Cricket  Allonemobius Acetylation Whole body PCR Histone acetylation regulates Hand, 2009b
socius diapause in the cricket
FRH YRR H3ac o FEFRACIE . A LW T VA R & Reynolds et al.,
Flesh fly Sarcophaga Whole body qRT-PCR Changes in histone acetylation as po- 2016
bullata Measuring tential mediators of pupal diapause
with the micro- in the flesh fly
plate reader,
qRT-PCR
1 Tk H3K9ac figi Western blot, W& Ht R R 2 60 0 = & i 4 B 1184 Guo et al., 2016
Locust  Locusta Brain gRT-PCR ity , LA P Foa R bt () R AR 2
migratoria ARG
The locust genome contains a richer
repertoire  of histone-modifying en-
zymes, which exhibit differential ex-
pression patterns in brain between soli-
tarious and gregarious locusts
I e ZAhE H3K27ac Sk ChIP-seq ChIP-seq V£ R 2 Pl B L HIZH S Lewis et al., 016
Butterfly Heliconius Head iR ECCR S
erato ChIP-seq-annotated Heliconius erato
genome highlights patterns of cis-regu-
latory evolution in Lepidoptera
i) PNEL H3ac B etk ASERAHE ROEEPIREFLIE TR b AF 4L iUt Mukherjee et
Wax moth Galleria Cuticle, fat body HH3 2B PR e R al., 2019
mellonella EiA) &  Epigenetic mechanisms facilitate the
Global histone heritable manifestation of parasite resis-
H3 acetylation tance ininsects
assay kit
L) HHEEEC  Héac ES HarEbRic HEPERY W 20 45 11 H4 246215 2 Ferraro et al.,
Mealybug 43 Ovary Immunolabel- /™ FLA5 IR LRI 22 FBERIR 2001
Planococcus ing Histone H4 acetylation involved in the
citri epigenetic inheritance of different activi-
ty states of maternally and paternally de-
rived genomes in the mealybug
KA ey KL H4ac K A qRT-PCR, ¥ R E A HDAC (NIHDAC1 ) 4 45 i Zhang et al.,
Plantho- Nilaparvata Ovary RNAI, Western /i HL 1 4E FHE 2018
pper lugens blot, RNA-seq HDAC (NIHDAC1) regulates both fe-
male and male fertility in the brown pl-
anthopper
SChR BA2508  H3K27ac Sk ChIP-seq AR T SRR R 4 HP ARG ZH 2B . Nagalingam et
Fruit fly  Bactrocera Head B4 B E A al., 2018
tryoni Provided evidence for histone modifica-

tions in the genome of a tephritid fruit
fly for the first time

i 20 B 1 AR T g B A R RS R
S fih vl SRR AR B G B R B AR . 4 Mer-
schbaecher et al.(2012)3# i HDAC# i 5%] TSA 235
TSR NCZ , I B i ss I k] DLy ak

TR EBH T 4L 2 Ak 7E 2 I 1 MEL B B AR
eIz R EAVE A . Lockett et al.(2010) & Pi
2 247 R Al DL 4 B v U ik H3K 9ac A1 H3K 18ac
B K 1 EAE , 280

25 J5 Dnmt3 2 7F 4[]
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R4 LI eIk, 20 DNA H S M4 2 M 2tk
AH E AR 3 5] 8 45 % B 9 12 12 o Lockett et al.
(2014) % B ] HDAC 1 71 C8 . PB I NaB 4b
SR E W R DO R AR AZ 5
iE— LRI R 1 SR AB ) 2 2 5 m e () RO
it

A F 5 E R Z R EAE ] AR R R A
ATIBPERI B TER) R G2 —  RMsAL B i) LU
Pl gk Ay AN ar A R R e PR | R] R
oy T AR A5 1 3= B A8 57 >k U (Bonduriansky & Day,
2009 ; Gémez-Diaz et al., 2012) . Goémez-Diaz et al.
(2014) #1 Ruiz et al. (2019 ) X /8y Fl A JR L 6 J5E
4 IX] L IF 22 I500E 4T ChIP-seq Al RNA-seq I 4T
FAE T A B 5 DI REEL R SRR B & - 50 R
i 2R g Y BIF 5 48 SR ZEABL, X LU IR 4% B H3K 9ac
H3K4me3 , H3K27ac & 1fii 5 1% P4 5 5 9 15 3 74
O, P 1Y H3K9me3 & 1ii 5 U BREL A AH OC .
Hh SR T e S S A R B IR A 2 S DX B
X I X LIV 4% 150 22 7 R AR 92 3 58 T o R 1R 5 ]
(Gémez-Diaz et al.,2014; Ruiz et al.,2019) . &X Lt
WP AEICAN , Mukherjee et al.(2019) FLE T KB Gal-
leria mellonella [ Ji 35 TR T M R A BURPHE
#H 45 1 H3 & Bt Ak A& 1 /K 7 LA & g i HDACs Fl

HATs & R ) kK- o 9T & BT T AR %) 40 L
A Z AR A H3 BB Mi7KF- 5 5, H 4mhd
A S AB T 114 356 DT 34 1 90 I BH R e 0 g 2H 2 e 5
PR LB 2E 555 00 I B R P E e
3.2 BEHASZEHRENEIRRHIIGE

ZH A H I B e A SR R g b rh
RIF—ENER(F3) . @it s 5Lk 5 35 it
ZH AR 1 H3 A A R A1 53, % UM e 2 [ A7
TEH IR S 1) 20 8 P B A e =X 22 5 (Simo-
laetal.,2013b) . BkEEAEI Harpegnathos saltator
HMT [ SET Fl SMYD ZK i H LA~ 51 E B E
PR SV EE D, AR A oAk S R 2 AR T (Bo-
nasio et al.,2010) o JTAFERAENXT N ARSI Zoo-
termopsis nevadensis [ 28 73 AL W FF J& T — & f
5%, AR5 A B OB I AE G A JE R TR B I
Wb S A A 534k B 5 20 R R AR R 2
PTHE AR OC 14k PA AT E 2 5 IR 418 R (Juvenile hor-
mone, JH) B4 i (Suzuki et al.,2019) . T JHTH
JE )28 AR BE S TH A2 A ) 336 2 X T4 8 oAb 2 ¢
% (Masuoka et al.,2015;2018) , R b 75 Bk —
(RIS A o 2 AR 1 Y B AB I T P 25 B R 21
S ER . R AR AR AT R R A
Z 53| TSR A e

x3 HttRRAESFENLEIHTIEE

Table 3 Histone methylation functions of other insects

MBI

Rt Pyl Histone HAN UFRESN Y2 22530k
Group Species modification Tissue  Methodology Major finding Reference
Al [y H3K4me3, BPEE Sk# RP-HPLC, #J5H196 h4hHpydl & A EMitki=UA R Dickman et al.,
Bee Apis mellifera H3K36me3 Ovary, head ChIP-seq, The histone modifications of queen bee 2013; Wojciecho-
RNA-seq and 96 h-old larvae are different wski et al., 2018
W BRERARAL \ il PRI EPREBRI 4 2 L AE RSl SET Al Bonasio et al.,
Ant Harpegnathos Whole body 00T SMYD ZJ5H LA B 5 9l 58 e e REE 2010
saltator Comparative FPEFHE, R & ke 5 R /R
genomic Several members of the SET and MYND
analysis domain-containing protein (SMYD) family
of histone methyltransferases were identi-
fied as caste-specific genes in H. saltator
52 3K 5 I H3K4me3, #EH ChIP-seq 50E R A AH Ef hPTM (H3K4me3  Glastad et al.,
Camponotus H3K9me3, Whole body FTH3K36me3) 76 LA FE R b EL il &5 5 2015b
Sloridanus H3K27me3, A0 25 R 3R 3K H 56 (1) hPTM (H3K27-
H3K36me3 me3 Hl H3K9me3 ) 7i H1 3 fb 5 [H o [X

1%

The hPTM that are associated with actively
expressed genes (H3K4me3 and H3K36-
me3) were highly overrepresented among
methylated genes, but repressive hPTM
(H3K27me3 and H3K9me3) were under-
represented among methylated genes
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££3R 3 Continued
P
Kot pre BEVBI g e EEE B3
Group Species modification Tissue  Methodology Major finding Reference
£ PR H3 M Bl RP-HPLC, %5 T R K LR AR H3 1 Mon et al,, 2011
Silkworm Bombyx mori H3 modifi- Whole body TAU-PAGE, &/fiii
cation MS Identified the modification profiles of histone
H3inholocentricsilkwormchromosomes
H3K4me, #&Ht ChIP-PCR, il %3 )il H3K4me \H3K27me3 F1 H3K36- Shoji et al., 2014
H3K27me3, Whole body ChIP-seq,  me3 [ ChIP-seq X #i& T+ 2% T % # BmN4
H3K36me3 RNA-seq,  ZHEY R ZH %
RNAI, Upgraded the epigenomic map of BmN4
qRT-PCR cells map by adding ChIP-seq data for
H3K4me, H3K27me3 and H3K36me3
H3K4me, #iH RNA-seq, 20E 4b B J5 & % H3K4me ) 3 58 F 7 Cheng et al.,

H3K4me3  Whole body ChIP-seq

I ARAT I H3K27 H3- il RNA-seq,
Termite Zootermopsis K36 34k Whole body RNA,
nevadensis H3K27, qRT-PCR
H3K36
methylation
MR I \ SEAL.DPHL RNA-seq,
Reticulitermes Testis, ova-qRT-PCR
speratus ry

e+ X] EL Y 4 e H3K4me3, i ChIP-seq,

H3K27ac W iR th B 7284k, I B 8 1
e BRI SR ]

Enhancers enriched for H3K4me that
showed dynamic changes in H3K27ac af-
ter 20E treatment and functioned to regu-
late the transcription of specific genes

LR B BE DY 22 5 2 31 30 1)y 56
Histone modifying genes are involved in
the molting period during soldier differenti-
ation

EHL AR A8 i R TR I E 2L AL B 5
ST SN

Some histone modification genes are re-
markably expressed in the king’s testis and
queen’s ovary

NIGEP A MU s AU vL (e

Mosquito Anopheles H3K9me3, Midgut RNA-seq Infection by the human malaria parasite
gambiae H3K27me3 leads to histone modification changes
R BRI H3K36 R ARSI 2 88 76 XU A & ) 5 BOE5E K A

Chironomus LAk Whole body FEIHE (AT

H3K36 T Rk /K7 3 4

riparius H3K36 Microplate  Exposure to the pressure of BPA resulted
methylation spectr-opho- in reproduction failure and a significant in-
tometer crease in H3K36 methylation levels
SRbE PRECRER I H3 HABM S ICC YOE T 2P R U EE B
Fruit fly S H3, H4 mod- Testis Investigated histone modification patterns

Drosophila mela- ification

nogaster, D. hydei

ST S H3K4FEHSE & h RNA-seq,
Chymomyza H3K4 meth- Whole body qRT-PCR

in testes of D. melanogaster and D. hydei

dpy-30 383 50 H3K4 1 ELARAE Sy 5 b
BESHIET)

2018

Suzuki et al.,
2019

Mitaka et al.,
2020

Gomez-Diaz et
al., 2014; Ruiz et
al., 2019

Leeetal., 2018

Hennig & Wey-
rich, 2013

Poupardin et al.,
2015

costata ylation dpy-30 acts as the key regulator of the dia-
pause induction by H3K4 methylation
il RUAE H3K27HUL BRHS #  RNAI, E(z) Fl Pe 7E DRI 4 8 AR A A% UBR P32 Chou et al., 2019
Beetle  Tribolium H3K27 Legs, wings qRT-PCR  HEIEA/EH]
castaneum methylation E(z) and Pc play roles in metamorphosis and
larval leg regeneration in the flour beetle
WREE XUBERR H3K27HUH L BRAR RNAi ISH. WK HAESZ H3IK27 FARAbAZUM  Hamada et al.,
Cricket  Gryllus H3K27 Legs 1 hriC Leg regeneration is epigenetically regulated 2015
bimaculatus methylation RNAI, ISH, by H3K27methylation in the cricket

Immunostai-

ning
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4F3R 3 Continued

R

e kb Histone A WHREHAR FELW 275 3CHk
Group Species modification Tissue  Methodology Major findings Reference
e i K H3K4mel, Jik Western blot, M5 HUIEPRZE 05 B -F 3 AL FUEMIRE, HAE Guo et al.,2016
Locust  Locusta H3K4me2, Brain qRT-PCR BRI s A R A7 2 e A
migratoria H3K4me3, The locust genome contains a richer reper-
H3K9me2, toire of histone-modifying enzymes, which
H3K9me3, exhibit differential expression patterns in
H3K36me3 brain between solitarious and gregarious lo-
custs
Mg d Mg H3K27me3  figi gqRT-PCR.  PRC2# 1 ESC i /7 H3K27me3 K7 Lu et al., 2013
Cotton  Helicoverpa Brain Western blot, 7 & HL 4 & & 1} [E]
bollworm armigera I Hric.  PRC2 Protein ESC regulates insect devel-
ChIP-chip., opmental timing by mediating H3K27me3
RNAI
qRT-PCR,
Western blot,
Immunostain-
ing, ChIP-
chip, RNAi
Yt EfEDIMEE O H3K27HHME il RNA-seq  PRC2FEETHVIM SN & T Z/EM  Yocumetal,
Leafcut-  Megachile H3K27 Whole body PRC2 plays a role in the diapause of alfalfa 2015
ting bee  rotundata methylation leafcutter bees
Lk L H3K4me3 k¥ ChIP-seq  ChIP-seqiERERYZHIBIENA S T Lewis etal., 2016
Butterfly Heliconius Head fige H 8 AR
erato ChIP-seq annotated Heliconius erato ge-
nome highlights patterns of cis-regulatory
evolution in Lepidoptera
S | ] H3K4me2, =k ChIP-seq BRI T SRR R 2 41 2B 1 151 Nagalingam et
Fruit fly  Bactrocera H3K4me3, Head AR IE al.,2018
tryoni H3K27me3, Provided evidence for histone modifica-
H3K36mel, tions in the genome of a tephritid fruit fly
H3K36me3 for the first time

KT8 A W AT B R TR E T
J& T KM, Kostal et al. (2000313 b4 de H AR
K H B R RIS R85 Chymomyza costa-
ta 3 W% S 4 O S, e B dpy-30 H5 PR e 3 2
H B 251 T~ 8. Simboeck et al. (2013) F1 Poupar-
din et al.(2015) A 5T 45 5K & B dpy-30 FEDR R i 2k 25
S AR A A K RS 5 DNA & i A
R MFER T dpy-30 I 11 5T 405 H3K4 45
SEVELLER I L% RS i Setl C/COM-PASS & A 14K
1 W % (Ardehali et al., 2011 ; Mohan et al., 2011) ,
1M H3K4 H 56438 -5 00 2k PR 7 SR AH O (Kouza-
rides,2007) . PRIz BE PR (%) 323K AT 45502 R i i)
W E L AHIR T E S — 20 WO B 2 H3K4 W LAk
A dpy-30 ik AR Z BRI RIR E R . K
JRRR P Vi A 4 B 1 R SR AR A AR DG, BIFAE R B
i 8 AT 4 U A R A SRR LSD1 1 Su
(var)3-9 4331 3 1.5 A5 A1 2.5 6% , rTREAEN & A2 o
& ¥4 (Reynolds et al.,2013;2017) . LSD1 24t

X H3K4 A4F St 20 A 1 2 F (R, LSD1 2R 1% 1]
S5 H3K4me I H3K4me2 &M K P42 & , IS 2058
23 FEA | (Di Stefano et al.,2007) , Hii H3K4me2
GV i SR ARG, AT 3 2 AR A B R Mg A% o o
FFLAHEHE K 8 v E 22 0 % AR X (L et al., 2007
Katz et al., 2009) ; Su(var) 3-9 &4} %} H3K9 45 &
PEZH B 1125 SR , A2 O B R rh A v R B
TSR A T A5 B B T R AT AT IR A
9 4E ] (Czermin et al., 2001 ; Meister et al.,2011) .
S R P/ 2 E i 2R 2 A ) (poly-
comb repressive complex 2, PRC2) ¥ H3K27me3 [fi]
BEUTER , i PRC2 By B LTy 7 A % 3 8 42 1R ¢
(Schwartz et al., 2006 ; Tolhuis et al.,2006) . {FAFAE
R A A A A AR 5T 430 T LA A B %
B S50 E Z R R B VIR B kAR
R, IF it B AR LA, IR L
A5 45 PRC2 B A K119 5 AN JE K BMI-1 . E(Pc)
PSC.ASX F1 SCM #% |- 435 (Yocum et al., 2015) .
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T A A S A R R s T
P4 X (Denlinger,2002) , A i #6 PRC2 & A AR JE
S EiS  w  E rErRe avE s B i =l R e 1 B PN B v S (2
H . PRC2 L B A YT E2 B Helicoverpa armigera
W MR, M e U 2 Dy H IR AR
Ha  fERiAE A& (Lu et al.,2013) . PRC2 i
VA 2 A B R R 3% & (prothoracicotropic hormone,
PTTH) (177 A= K 15 g 48 Bk A &, Hih PTTH
STV TR PR T A AR IR, T R R R R R
W T Y O B T ) (Gilbert et al., 2002) o Hi
PRC2 1 4H 143 Esc (Extra sex combs) #6155 H
PR I8 K H IR B 5T 50 TR
AN esc HEPR kA , H H3K27me3 &
T AKF- DA K 4 PTTH 19 2E KA 8l A Frdg n .
i 11 dsRNA $1 il esc 3 K ik 5 F| H 3-deazane-
planocin A 124l 57 41 ] PRC2, F#{K T H3K27me3
FPTTH K-, ISR A B RS . KIAE
i #% e i H3K27me3 &4 2 1 T PTTH #9742, LA
BHLIE L HE A B RAS (Lu et al.,2013) . A5 RS
IO BT T W AR IS B PRC2 I Y BE TR, OF:
WREHAEH T LI LT TEN. BRI
L Ui B A2 A% 45 15 B oR B AT RS SR 2 n
9%, IRLCF I E T g 2H A B ) 22 AP A Y
TR AR, (AR SR R D REAH AR KR
JE FORARANN, R AL PRI T E A i B Y
MR Y, BOE A S i E e 0 R AU i
R ATE R, T 2 — 2 R BT ax S i 2
ey S 235 U B AR AR o v R A
FRE
4 RE

Wi 1 2R 5t 1% B BT 9 ) o A i | 3R Lg%
SEAE R AR D R AR AR Bk B 1Y)
AT (Burggren, 2014;2016) . {HAFEE A&, =M
ARSI A R Z (B A B+, IF 0] RBAF
1 B Z A9 AH 5 AF A (Matzke & Mosher, 2014 ; Matz-
ke et al.,2015; Cuerda-Gil & Slotkin,2016). [ H 1]
DLt i DNA FEEAL 48 B i FIE 25 5% RNA [R]
s 31 5 PR A 2 3845 5 (Hunt et al., 2013a, b; Burg-
gren,2017) , 3% 3¢ B 5 sk 2% 8 B i 4 2 B i A
LU, [ s 2% 1 22 b 2 WL a8 A2 16 W B 10 R B 2 e, ot 0
FE R Pk FF R AR AL

Hii, K28 R R A& Bt g T4
B AR IC S el 7 A b e A= AR Ak T T

Z X PR AE R A B E X,
SEAE BN ASIAEE IR M (R 1 O T R RN i L
P& B i a4 (Burggren, 2016) . A | BT T
fif 0 AR B R TEAE 2F B H R A AT 38 Rk Ak v AT g
RIEWER  AERREAKOT 125 e M A% i f 2 AR
H 14 (Johnson & Tricker,2010). 1 HOGHE(CHE
ML 1% (R ATF 98 488 4 2D DL (Glastad et al., 2019) , W FF
JE e T R A& B A A A5, LURA e W22
HEPEbR IR B R . ARSI
K, G IR R M S E M A se s it %
Al et B S AR RV 6 PR AR A SR RS By, 3
X R U A A JR 1 i sh W 0 o EE 2 SR ROk
B A 2T B A AT . B oy B B R A R
PB4 A8 S s AL SR A 2 i A R
R SE L IREE X [ SRR 5% L A 1 S R RN
J5 5 (Bossdorf et al., 2008 ) .

HTRBEMFRFES AR E R, K
AR R A i 4 8 B KT LA SN [RH B S 7
(1 R A BRAEAE A AN ], ARMEFH 58— AR
FOR AR R A R B A . (HBE R ok 2
1) B A R AR 5 ORI I R R i SR PR 2 N2 R
F T B0 2 RN T, LA SO BAR Y A a2 (1B
i RE ISR AT ST, e AR KRR BRI b A
J7 T FE LR R , A BT o A o iR R Ll
B B RR ST BE , o nT kb sE R e e L8R 1B
o 30 o XU 38 A B o) 3 PR TR R 1) 522 2% Lokl A
BT A B ol
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