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Research and application progress on different
types of promotersin insects
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Abstract Promoters are DNA sequences that are bound by RNA polymerase to regulate the initial transcription of genes.
They play a key role in regulating the expression of genes within the spatial and temporal context of an organism. Insects are
the most diverse group of organisms worldwide, with the largest number of identified species. Different types of promoters
play an important role in the research and application of insects. In this paper, the basic structure, classification, identification,

and current research of insect promoters are reviewed. Additionally, the potential application of insect promoters in genome
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editing and transgenic technology is discussed.
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I R s AL 5 AL AR X 3 AT A
il 2 BRI W BT ], IR B Y
FESEIEDR  BREsiR i HOX PREE A AP SRR, Tl
SCEX — H AR, JABhT (Promoter ) YENIZRSE
OGS IR ST R AR 2O E SRR (XA
HE, 2015), Jagh AR R I 25 KB TR Y
WEIUIF, 5 RNA REBEGIE N R E
Bk, 45 PR % 3K B4 R A s [R) RN 6 58 7K F
(B, 2018 ), WX AFZRAE s F 1Y
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BN, SEET A R R e RO T
My2I8, M —20 0 T3 R 2 g . D)RE S
PRL2H Wi 52 DA R BB ia 58 07 i (O 44,
2019 )., HEEZhFETEA KR A s i,
XGH H rY B IE S8 Drosophila melanogaster ,
%W H ) K & Bombyx mori . H i 57 B %k
Spodoptera frugiperda , i % W Helicoverpa
armigera FIEH H #9274 % ( Dorsett, 1999;
Tamura et al., 2000; &1, 2014; Lietal., 2014;

E %K H AR H (32202314 ); WEFEFHESEWH (222102110108 )
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Zhao et al., 2020 ),

1 BEHTFRISEHEIS %

11 BaF4&H

T8 2 114 35 PR 3 T8 S R IE A Ak ) X
iR B M2 CE 2, FHRIEN
P E B R AR Sk B (Levine and Tjian,
2003 ), 7EHE DR e sk R ok 7 vl R i Sk AR i
{7 15, ( Transcription start site, TSS ) & X A+1,
TSS i THEFFHIA 5%, H S A F & 1
LSS ETH, WAl e B
07 5 1 K /INHE A AR 3K R 2 P TR b S

(Zheng et al., 2011), KREZHUANTKELE
100-1 000 bp Z [1] ( Danino et al., 2015 ). Jish¥
AETG I RNA AW, iz 584k DNA #ERT
55 H15 RNA iR AR5

H 5 s X A D) RE A S, BT B
AW, VF2hRMER R 3507 CBRFE L .
Brézda 55 (2021 ) 845 T AR AEY R 3717
GIVRHE, QN 1 FR . FEANR AT 4 DRSS
15 I Bl 257 R A A T - ISR Skl IR
37 15, TSS(+1) A% LR IJTF ( Core recognition
element, CRE ). - 10 X&E& AT 55, - 35X
s Fh LiEoc, an¥EsE+ (Enhancer ) FIVTERF

(Silencer ) ( Chen et al., 2021 ), S5E&AYIE5)
FAREE, ElAEmAMEREY Y, R4
FA AT AN A 2 R P BE R A TR B A0
Bl XA #0579 (Upstream activating

—40 —30 —20
il . '
Bacteria : =35 motif
G| : :
Archaea BRE @ TATA
Y : B
Fukaryotes ; BREU TATA B‘:RED
T
CAAT box CG box
80 ~100

sequence, UAS ) ( Cazier and Blazeck, 2021 ), H:
0 R 3 F XA TATA box. EIHTHI B
P (B recognition element, BRE ) ( Wenck
and Santangelo, 2020 ), FZ &3k 3R )4
OJASIFHEEA 1458 TATA box, fFFER
FEPA | — SR S R R A K R S R AR N R
BEIHAS . TATA box FRHIBIN ML T4 TSS
324 24-30 bp i@ HIICFE, o1 TATA 456 HH

( TATA binding protein, TBP ) 15, 1fii TBP J&
AT 2 A YR K 0 3 43 ( Andersson and
Sandelin, 2020 ), Bk 1 iXSEfP551, FAZRE ST
PEAERZ O A B F X a1 R A 1
TUERTF A4 2% 1 (Insulator ). filUn, 7EEHZEY)
i, EEA 1 ATIEE S Foul ( Downstream
promoter element, DPE ) Fli/F 2 HAlh A g L0 J5
P FHI X, W CAAT box Al GC box, LA
Ko HoAth 5T 7 () 4 4% oo F ( Roy and Singer,
2015 ),

‘BRI BoE SO e S SRR I Y B
/NDNA JF41, i % A TSS J& =50 A4 bp )
X35, ( Andersson and Sandelin, 2020 ), fEi%E)S
AR R, bR REE
FEH, (HE U RS i <A RIBIAEE
AT T HIIRE , Peter Bandilla 25 X645 2 A= 4 SR
WEHEAT T AT A5 -DIRE AT, AR B[R] 5=
AR RN A B 7 iE M R R F s e, A HE AN
G B AL A A R e . SRR A AR L
/IR 3 57 RV 38 7 37 S5 AN [R) 28 U 9 i 3 )7
VAR o BRASFE P RRAE IO S P4 B AR AR KRR I

-10 +1

-~

~10 motif CRE

e

Inr DPE

S
5T

Enhancers

Bl H4£EE. BENEREYVENFTHEHTER (Brazdaetal., 2021)
Fig. 1 Schematic comparison of promoter elementsin archaea, bacteria, and eukaryotes (Brazda et al., 2021)
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B T RO R B PR ARV (Qi et al,
2022), MEESFHFRHN - 35 A1 - 10 bp XK
110 5 5 T i, H AR A R A A 2
TTGACA F1 TATAAT , iX P 751 & MK KB T
PRI F2 BRI v S R 1Y, FE SR B R 4T i
NT - 35 Fl- 10 bp XA FefE3E 7, D
TTGNNN HI TANNN ( Kozakai et al., 2020 ), —
YU S B A T R A, 1T 5 —2E ]
HAWZH . BT 0RE, 1R st
L AN B L T3 81, 3 A 3% 0L st A% 48 A
DNA Z5t ek A, Frf AR e s+ #a & T
PIEEE N & Je (708 ) siuskgste ( g-DudE
5 i-3E)% ) ¥ ( Brazda et al., 2021 ), i Lh
L BWFFERTAL, XA sh TR s S R R A B o AL
A A R 2 T IR AW 7 1 o

12 BEhFoH%E

WA A 2105 W 432, Al 4ok s Bl R B F
KA B A G 8 F- . Duttke 48 (2015) 43
Hr'T HeLa #Hffirh NZKIE 3095k, I )G 30
Tl 3 AL R E s ( REE 1A mA
WRERN ). k#Uash+ (FEIEMFMEs 14
TR, FER ) 5 A R ) AL
S+ (FEWA T R SRR I ). & i
M, AT R IR A —ER NG VS 3 AT
R, WAk, SRR SEACK A T
1A B0 a3+ Danino 45 (2015)
NN, b AR S R A B v, 2

T [a1 RS 1w i3 A AE R 45
HAZAEY R S FRYE AR 1) RNA R4 )
AL 325 1RSI, Hash RNA
AL RL; ARS8+ RNA R0
( RNA polymerase II,Pol 11 ) HshFRES5H
AU A A RN 7 RNA PR 22 R 5t
PRI OCHRE DI, V0 B AR 22 Gt 28, 11 5k PR A 2 5
( Solovyev et al., 2010 ); AT+, Hsh—Lk
/NG RNA #5557, 41 tRNA FI snRNA JH 8+
( Putthoff et al., 2003 ),
INIRPE R B KA % eCnl 4r oy 3 Fhk
B AR BN R BT A SR
JA B AR 31 PR A RS E 1Y e SR oK
W, TP ASSZ S N B4 I AR s e, an il
ZHE I (Actin) iz (Ubiquitin ) 553K 5
Z1F (Tang et al, 2020 ), iSRS 8hFnl fe 4%
FE JAEAE SUNETE MG LT i3 2l A D 2 A
MG SRV oA 257084, HET 2250 8 T IG5
FREAENFNF, MR BRMIREEE (Heat
shock protein 70 ) FE[H hsp70 JA 3§ ( Pelham,
1982 ), HEUEFVE 3+ ) sh B 7E R e 411
Rk, BARBRTIRE, mefl B iR
IRETE— AN R, LA B R Rk
T, Gn SR d A 78 40 M RE R 1) Nanos 5K 2+
(Ali et al., 2010 ), X EAZAYIH WIS sh1732
AT W 1,
XPTE R U A SCHRHRGE Y 3 285 =X
JASFH AT REUAG RS, WL 2,

*k1 EREYELRIHIFIENRE
Tablel Classification criteriafor common promotersin eukaryotes

e s S e
Classification Promoter types Annotation
methods
ER7/ELES SR BT FFHIAEf B, H - 10 bp ) TATA box 1-35 bp FHIL ) TTGA X411
Species Prokaryotic The sequence is relatively simple, consisting of a - 10 bp TATA box and a TTGA
promoter region near - 35 bp
HR T FHEE 2%, M - 30 bp 224 1Y TATA box H1-80 bp B4 CAAT box LI &-100 bp
Eukaryotic e B GC box 2H )%
promoter The sequence is complex, consisting of TATA box around - 30 bp, CAAT box
attached to - 80 bp and GC box around - 100 bp
BERIRE AR IR 31 RAE—AJ5 1) e g Rk R
Structural Single promoter ~ Only transcribe and express genes in one direction
features R T SULE IE [ R IK

Divergent promoter Only express genes in the forward transcription of the promoter sequence
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4% 1 (Table 1 continued)
A RN
PRI g R
Classification Promoter types Annotation
methods P
GERAHE R XL 31 1E 1] FUEC i) 4 BE R IR HE A
Structural Bidirectional Both forward and reverse sequences of the promoter can express genes
features promoter
ANl RNA 2 1RE 3 7 MFR rRNA JA )T, JA 3 rRNA F Ak
Blitigh A Type I promoter ~ Also known as rRNA promoter, it initiates the expression of rRNA precursor genes
Binding of 11 5 51 NFR mRNA JF315, 25 BAEYE A RERI T RNA HEP 22 55 5 i
different RNA Type I promoter 5 #9 0CHEIHE, 1 K A% ISR 11 A 5t
polymerases Also known as mRNA promoter, it is a key region involved in differential
transcriptional regulation of protein coding genes and some RNA genes in eukaryotes,
involving the transcription of numerous protein coding genes
11 B 3 MR RNA JH3hTF, S5 8h—/NiF RNA 145, U snRNA J3357, U6 Josh 75
Type I1I promoter Also known as tRNA promoter, it initiates the transcription of some small molecule
RNAs, such as snRNA promoter, U6 promoter, etc
BRRR SURRRET UM S T O B TR AP KBURE | ARk
Transcriptional Constitutive P57 A 52 W} [8) A2 [a] 174 R 16
profile promoter Also known as non-specific promoters, these promoters regulate gene expression levels
that are roughly constant and are not limited by time and space in gene expression
regulation
HAVRE SRR ) XK E RS EUR 3T, RRE ST il IR e A B Rk, A8
¥ SRR TTOE | R SRR TORR T Y R A
Tissue-specific Also known as organ specific promoters, these promoters can be expressed in specific
promoter tissues or organs and are jointly regulated by tissue-specific regulatory elements,
enhancers, and silencers
BRREHT A SRS, ST RBCEYS ) BRICR KRR BT R
Inducible FACE, IMPEE RS 3T
promoter Refers to the significant increase in transcription levels of regulated genes under the
stimulation of inducers such as the environment, physicochemical factors, and
microorganisms, such as heat shock protein promoters
JREhRR SRR BT i AE MR $ 25 1% RE P SRR R 1 3 1
Promoting Strong promoter  Refers to the promoter that can significantly improve the expression efficiency of the gene
efficiency g s - SN HIOIE R R 2 T
Weak promoter Refers to the promoter that can express the target gene in small amounts
Fr o WIRMER s SRR TRIRRE T 2R, b B SN E RN RS 31
Origin of Endogenous Refers to the promoter sequence derived from the species and applied for endogenous
Sequence promoter identification
SNEMIR ST IRIA ST R IRIRT AR R, (B AT DUFEZ A IR S SR N SRR R AR
Exogenous BT FE TR TR 5 R I ] 2 4T
promoter Refers to the promoter sequence originating from other species, but can normally

initiate gene expression and play a role in that species, generally applied in fields such
as genetic engineering, transgenic, and gene editing

*2 CHREMERERRBITFHERH

Table2 Examplesof reported insect gene promoter classification

J5 Category  FHEPH ( 3CHK ) Gene (references) YEHTE R Scope Y Species

20 R actin5C (Thummel ez al., 1988) 45 Whole body PG S Drosophila melanogaster
B Polyubiquitin (Anderson et al., 2010) 4> & Whole body B I Aedes aegypti
Constitutive . .

promoter Am-actin5C (Schulte et al., 2013) 45 Whole body P Apis mellifera

A3 (Fatyol et al., 1999) 45 Whole body

R A Bombyx mori
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43R 2 (Table 2 continued)

ZJ| Category  FE[K (3CHR ) Gene (references) YERYE ] Scope YyFh Species
2H A CYP6ab4 (Zhao et al., 2015) 2B Whole body KA Bombyx mori
Jah¥ TeaTubl (Siebert et al., 2008) 4B Whole body IRPAREE Tribolium castaneum
Sr(:)rrlrsltoig;ive 12 I(Miyata et al., 2019) 4B Whole body LR Z R Polypedilum vanderplanki
HAF Twist (Pan et al., 1991) &M Ventral side PG W Drosophila melanogaster
PERZhT  Nanos(Ali et al., 2010) HEFE MM Generative cell PRIEIRUE Drosophila melanogaster
giisrligtsgfdﬁc Lsp-2 (Benes et al., 1996) & {A Fat body T B Drosophila melanogaster
Ips (Sendergaard et al., 1995) BEPEBR S AR R Female MRJESWE Drosophila melanogaster
ovaries and fat bodies
ninaE’ (Mismer and Rubin, 1987) JEOGANIE Photoreceptor cell P JI§ SR8 Drosophila melanogaster
MSSP-a2 (Christophides et al., 2000) #fEpEgfififA Male fat body HuH V&S Ceratitis capitata
MSSP-p2 (Christophides et al., 2000) Hf Midgut P SEME Ceratitis capitata
30K a, 30K b (Mathur et al.,2010)  BHMEMEMEBIR Adult R KA Aedes aegypti
female salivary gland
UbL40 (Anderson et al., 2010) A4 o Fn o Early B R I Aedes aegypti
larvae and ovaries
2 tubulin (Smith et al., 2007) K S Testis B BRI Aedes aegypti
VgR (Cho et al., 2006) B8 Ovary BRI Aedes aegypti
LCH (Pham and Chavez, 2005) Wit Gut BRI Aedes aegypti
HCH (Pham et al., 2003) 38 Gut B R APBL Aedes aegypti
AeCP;AgCP (Moreira et al., 2000) 718 Gut BRI Aedes aegypti
Vg (Kokoza et al., 2000) g4 Fat body W R AR dedes aegypti
AgAperl] (Abraham et al., 2005) W% Midgut XI L6V 32 0 Anopheles gambiae
G12 (Nolan et al., 2011) T i% Midgut X LW 5 B Anopheles gambiae
Vasa (Papathanos et al., 2009) HEFH AN Generative cell X] F V3% EC Anopheles gambiae
elp2l (Schulte ef al., 2013) MZ5E Neuron W Apis mellifera
serl (Guo et al., 2005) 221 Silk gland R A Bombyx mori
BmR1; Bmp4 (Xu et al., 2015) F5 5L Testis F &% Bombyx mori
Bmintb2; Bmintb3; BmCatO 1fiL i it Blood cell KA Bombyx mori
(Zhang et al., 2015)
Bmlip3 (Deng et al., 2013) A& 514 Fat body KA Bombyx mori
P2 (Jiang et al., 2013) T i% Midgut R A Bombyx mori
APN (Chen and Palli, 2023) /i Midgut F A% Bombyx mori
BmLSP (WS4 4255, 2011) & i{A Fat body KA Bombyx mori
CIbl (Zhao et al., 2007) B 4L Ovary R A Bombyx mori
cathepsin B (Cai et al., 2014) E1A Fat body F &% Bombyx mori
BmCatD (Yu et al., 2012) Ag i fA Fat body KA Bombyx mori
FABP (Wu et al., 2002) “®ATHL Flight muscle VP Schistocerca gregaria
il hsp70 (Pelham, 1982) B MW Drosophila melanogaster
Jash¥ Temperature specific
Inducible Am-hsp83; Am-hsp70 JEL e W Apis mellifera
promoter (Schulte et al., 2013) Temperature specific
SfHsp70D; SfHsp19.07 HERSS F TRk Spodoptera frugiperda

(Chen et al., 2020b)

Temperature specific

+ 933 -
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2 REARXBRIFHIERE
21 BHFFIINHSRE

Ja Bl A e PR SRR 1 = AR T 1E
TR B A T B DR R A | A R S
KB WA 7 37550 (4 SE R R S 25 4 1 A5
XFBETH AN S 2l 07 A T AR AR I o J
B SE X ] BE AL & 8N (1K 5-10 bp )
P, AR B St AR AL PR ke e Y
YRR RO AT, BRI Si e i TN L TR 3R 8
P (Solovyev et al., 2010 ),

4 Mk, P8RRI T TR ARG )
F A5 B o Bucher Al Trifonov ( 1986 ) B IX
) SR T SRR R 7 S LA LR A A A
A, FRNERG S FEdEE ( Eukaryotic promoter
database, EPD, http://www.epd.isb-sib.ch ), 7E
2002 4F 10 H & A5 72 WUZHT, EPD j&—4
Nl AOERCHE P, 58 RO Lk 6 1 SE I IE
o BEES 73 LA, TFAFEIFGAIN 5'-4
£ cDNA 7% B i) % ik J¥ 5 5 % ( Expressed
sequence tag, EST ) /£ M7 U 8T 1B s,
RZ)—FH) EPD 4 H 2 4L T 5'-EST ¥4, EPD
M2 F T B SRR A Y2 U s 3+
AT BT 50T . P A AL R A X A
F EPD MAHXAR R, RIE AR AR AL R4
BURZhF 51, WISEAHSCHBE 2 . R i f it
T4 EPD e XY TSS MIFFIEE 7 T.H

( Schmid et al., 2004 ), FR1tZ 5 DBTSS #4ii
( DataBase of transcriptional start sites ) ( Suzuki
et al., 2004 ) (http://dbtss.hge.jp ) F&=FET AZEIENA
B — RN SLIHIE R TSS MR, T 7
& BRI 98 25 A A A DGR IR iy — A v e
BARE, BRI T A 8 1 s AT

Wang %5 (2022) JF& T —FH TR 3511
TR A TR 2 S R ( Hybrid model for
promoter identification, HMPI ), HE 7 &5 7ME)H] 51
FRIETF IEGEONE 3+, IR AT [W] R AR 2
FIIRERITHVFE ST LSRR, IK—Fh 44
G 8 F F SR R 4% ( Promoter sequence

features network, PSFN ) W) /55— 4 NIK)Z
2ER IR E R 2% ( Deep structural profiles network,
DSPN) fIHARMZ &, HiE T RAERRIA 5
TP HNIFFHEW P HNVRRE , 54 FHFARIEE 2719
SR PR A A5 & 1k

Miyata 5§ (2019) 7 MERZ EFEEC P
vanderplanki W53 85— YRS 3+,
HARRR T —MEE IR Z R foh s 2k
IR TR, MR G 22 2 1 ICE IR 2 250l P A 7
S EPE MidgeBase ( http:/bertone.nisesf.affrc.
go.jp/midgebase/ ), KNI T scaffold121 1Y
Pv.00443 FEPRTE G2 2 52 504 A i 7K R &b
K AR ) AL R R IR AR, SR JE M
Pv.00443 BN R IR0 R 5E e T—1> 1 842 bp
MR B, g SR SE T OHAE Pyl 21
FR S v B R R SRS T o SRS AT R T
FEIZ T B SR /N BE DA AR AT B ) B SR TR v
T 8 MR SEARAR, I FHPOLR BN &
GeiAh T HUR sh sk, SRR E) 1333 bp B

(- 1333) 5B TJHA 1842bp HEL( - 1842)

KA S Fis . L, T4~ 1333 bp
R Bar Ao “121 JR s+,

Chen Fl Palli (2023 ) fF M 57 % 1 S.
frugiperda il 1 RNA-Seq 28 0t A8 T —4H
TEP G AHAD A A P S RIE R 8 AN F—4
NEFHEERREN 16 MR, R5E
RT-qPCR il 4% () mRNA /K-, FF47 163
TR S S E

Hy T — 5L IR AR Z2 0 b v A7 35 e 1 [ 958
P, AT A SCHRRIE FE 2R 05 3l 5 A e W b b 4%
YER, AT DA B AH OCSCHR, 7R 1 rh AR s L 1A
JF 4 o ik NCBI AR 3 1 P 915
WRIHAEFE R A BB, TR IC i SR AR LR 7 15

(TSS), #RJFMIATLEM 1 000-2 000 bp 7247, H]

DIV AR S IR ) 37 05 37 )% 51 . Anderson
4 (2010) FIAHC B BRI D. melanogaster
12 ZHAK (76 a.a. ubiquitin ) i3 tBLASTn 7E3R
KL A. aegypti FERA P HITR R, 2P
15 3% e e rh 55 AR R [ U 9z 2 A,
— Y AR T RN LA 3R .
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Schulte & (2013 ) F1J JH AR SR Fr) ] P75 A 19
R AR Bk Y e T A E IE B, S T3S
M ITEH IR F IR elp2l J5 8T 5S'UTR J#51,
MIEHZH DNA H 34 elp 2] % s o o 25 i 2
000 bp )T BL, MINUEE 1% elp2l )R ¥, IF
AP 7 2 T ERE A R B o b
W FRIEW actin5C (act5C) RHJE BT, Siebert
S5 (2008 ) i HH T PR SR 2 R TR M o TS R
1 (o-Tubulin) 84B (a-Tub84B) A#E T2k
g ¥ 5K Lt (tBLASTn ) % EHRMUAE T
castaneum FE AN TS R R, 8Tl
Y E TR PRSI FI751 . Kou 5 (2023) A
SR SRR R LU XS R 3, I BLAST 42
KM IK AT Hermetia illucens 3% R ZH 508 16 Hh 5
FE W Hiactin5C ( Hermetia illucens actin5C ) 13
A HiU6 ( Hermetia illucens U6 ) 3% R R 57 1E R
FA, FER A sh W X sh (https:/www.
fruitfly.org/seq_tools/promoter.html ): 1A 5 F1] g
A 4 if X ( Berkeley Drosophila genome
project, BDGP ), #fixE 1 B3 1 Ui )a sh +
T X 55,

22 BHFHEE

— i K S Bl A R B A T bR
R b, R T R ZEM%E . Thummel 55
(11988 ) TERFFE A ML R AT A DI RE , K 2k
PRV T A B 240 i 2R % A R A48 L 5 5 e e o
B, XSRS LR BRI s, T
WAKRHA cat 3 lacZ HA5FEH L AME G 30
5o PR B-F LI H T g A AR UL DA AR 1R
Wi, T8RS wE, DUHCRBE S BTy
%% ( Thummel et al., 1988 ), Anderson 5%( 2010 )
R T T Az F R R B 2 R T LA
UK Sy M5 A L B B PR 3R, K SO R Tl T ik
BEHE ( Open reading frame, ORF ) Wi b E 1
122 BEEE AR A B, TR Uk L 1 SU s
Aedes albopictus C6/36 5 LU Aag2 4l il 5
JE AT T DOCEBHNAE , AR SR B IS TE R
YEZ R RS m RN b T PPk i G %
U Anopheles stephensi Antrypl i 8l F 893G PE,

Nolan %5 (2011 ) EREMYIE 2l DX Bl ke 1 4%
W LA TER - 1 2] - 1 100, WEt Antrypl
¥E 1.1 kb XK (pAntrypl ), FFEEST T—"M1
TOICRMIEN (luciferase, luc) BRI H
JC, pAntrypl-luc /i B5 Actin5C-EGFP( Enhanced
green fluorescent protein ) — i 5w & FE minos % JAE
JTCFIE T, DAAE BU%% BE Bk pMinLue, I HIT
Je SAE T A PRSI R Bl A

FaJ AR N A ZR 3R UKL IS , AT R4 A . A9 1A
AN RPN 5L 5, RSP S B Rl A A
Ji Bl R 328 25 D) ) A A AR L ) 4 i R
AT S0k, 38 3k 20 A S50 45 R Bk IS B F
R o Kou & (2023) #1JH DmU6
( Drosophila melanogaster U6 ) J¥5| 5 2K -3
KA PH AT Xt , &3 BSF 77 3 4> Ue Sk
A, TIPSR Ue JE sh FayAa b, 75
A~ HiU6 snRNA JEH FEY 1 T K25 600 bp 19
R, IR T EA RS shEGFP Fik IR

A PRISHIE T DLREAS A0 SOk A RS U,
R 2 i 126 56 D] 1 3R AR B Z S B F e &
e, D Oxa s R is R4 . Schulte
4 (2013 ) A THE—2LBE elp2l JE8hF 7568
TR MR AU HERIK, ¥ elp2l 59+
JP A ve e R EGFP it A5 R R i m, At T
pIZ/V5-elp2I-EGFP JFki , i i B 25 FL¥s plz/V5-
elp2l-EGFP JFoki NN, L 3d A,
K5 7 20,25 1 EGFP 033A, IESE T &gk
TR elp2l Ja 3 750 AT A 5 R G 2h
B FRIK, Siebert 55 (2008 ) 3 i H4 AR UL 5
TeaTub? (T, castaneum o-Tubulin2 ) B 8T
EGFP B8 F IR GV ek, IR T AE
T piggyBac %) RGBT R RERAL,
3 3o A SIS A 21) T R AG BR FRk , [RIE
F AR T IRIERE AR 104 3xP3Tev, LA
B e i e 510, #r %R (oT-EGFP),
Rl T TeaTub2 JA 8 FAEMG . g A RI g drp
EGFP Kk Mmfzs i,

Tan 45 (2020 ) 3d i 53 B % 5 K 52 4
A41P-Gal4/UAS-EGFP [ 323k R FRAF T v I 8 7
A4IP ( Actind intronic promoter ) WJHIRE, WER T
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A4IP UKZ) Gald )33k, MIMTE UAS &40
EGFP 7E 3 [ 5 2 MRIG S 3 KB A 15
grgeik, dE—AHI % I EGFP 125 | IRI1A
H v i S AL 2L IR - 263k, T 7 38 253 R Py
TR EIKTERL

Chen 5§ (2020b ) MHRLHL BT TP 48 E T 2
R M (Heat shock protein, Hsp ) J&[H, FF
SIHT T EAITE SO AU . G A4l AU R 41 4
MRS FRIE KA AT Hsp 2 B9 TEAE I
ST eI TOCREERB AT , IS EATE
ST9 U MR NG H A IEPE . SR L ULANTE S19 41
i FAR G B TR TR Hsp S5 8T, X 37
HARRMHRE TN, THTEARNES,
F 0 b 1 R Al ff R ) B ol A 3
T3 R 4 8 T AR T ¢

3 BHARXEEIFHNA

1 T8 1 n] B Dk A S AR A A B
H 2 S B U SRR X — R, TP
N BGTPREG™ 2 N T B LA 25 st A2 445 &
ik, PIAnEEEIN R G ML N i R G055, AT
PE— 24 T A DG Y 2 SRR A R B A ST T
YE, FFAESA TS L, 7oA A I 2 5F

31 AREERBEHFEREETEAINA

RN RLBMEARAC ARG ERXEH i
R P 2255 5K 2D R Ry e 22 7 R R I
T EME AR, Yang 55 (2008 ) i@l A
Actin3 JA8 T piggyBac # i T-BENLG A FK &t
SR, 17— RIVEREAE, R THR
M Z MR RE RN R, Xu % (2014)
W T — KNI SF BmVgP, It454G
piggyBac WL r MR, BmVgP LIS
2H AV BRe SR 1 O ORG B b g S 4 S S A
R A ZR AL A (BEGFP) 3Rk, Mk
FAAERHRMCIE . Zhang 25 (2017 ) 38 T 1E
REWEH 2213 ( Posterior silk glands, PSG )
WL Yorkie™ cDNA % 251 HR3 #4598 1 Fi1 24
% L-4# ( Fibroin L-chain, Fil ) 3EHBETHT

WiF, SRJETE A S piggyBac F AR AT HE LN
SRR IK Yorkie™ (EREIEN R A (= 22 4
L.

IR, R 5 S R B AR 45 B AN [RI 2R B4 ) 3
TAEFE WA T RO E R o AER S s b 4y
BIFME THE beta2 M EHAREN (A4
aegypti B2-tubulin ), ZHEFEXG R P RIE, If
=% E T beta2 A E A ST, MIINF
FESLPALE T R B M R St R I
158 % B3I o A B 2R A% 0 1) e TR s o i SR s A
PIIF & IR S ( Smith er al., 2007 ), H T 4%
BT B , BFIE N RTT & T BT (L
TETH, 3@ YLV G g7, e
B LCH HE MG 2hF T 3R P 80w 43116
o TR P2 B S A R TR, 0 R YR
( Dunkov et al., 2002; Geiser et al., 2003 );
Moreira %5 (2000 ) iz 1 PIRP T 1B F R 551
JA T AeCP 1 AgCP, "EA 18IS T 0 )5
KB mRNA FIEE R AR E ik, X SERiE
A5 R KB S 20 T 8 3 A F 0T i S5 R ek
1, AR T A T T A S A 5T o
FET L ANHE RN B S v SE R (R R AE
LR X 3 AT A BT XUOT Gald/UAS R SE 15K
ST, WNIAFHROTC Gald/UAS R G T
30 45 A W 2F 45 ( Kokoza and Raikhel, 2011 ),
B SR A, BD AR, 2 5 X
Z e et ol WO N R el I I
Gald/UAS RGRFAENX L TFEEL A. gambiae 1,
SR P SR 1 AR A L2 ( Hemolectin )
SR S PG, 3878 T I 40 AR X 6o g8 S5 1)
5 S T Rk LA B 928 i R RT3 8 1) i 4 LR S
PEThEE ( Pondeville et al., 2020 ),

B I S T AR A AR ST, 75 24 AR
Y & 45 CHEVE T . Siebert 4§ (2008 ) f#i
PR RS 357 Tubulin JRSNFERER Tk, (et T
ARAUA Hs A0 At B He i) i 3R AF 58 . Chen H0I
Palli (2023) W55 T HaEERE CYP32148 Ja3h
T F CYP450 12 F5E, o B TR X TR
BGME = A PE , WUE T CYP450 JE P AE S Bt
P ER . Li 4% (2022) i@ B ST RNAI
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FURLAESE E [k Hyphantria cunea TRIN2%EE T
RNA RA&MMA (Pol M) J3shT, B HeUG2
/IMZ% RNA (snRNA ) JEPRR 30T, B AT
piggyBac [543 RNAi  (HcU62: shHcyellow,
Ysh2 ) BERKT Heyellow WK KF-, FHH
# T HeU62 W] Heser2 PR RN
RNAi it &, MRS 7 R AT R,
Chen 55 (2020a ) 7ERUHL TR TP S E ) T 24>
SN IR RS 31 7, Ho SfHSC70-P1780 A
SfPub-P2009 W5 > J& 3 ¥ W2 R
HRS/IE1 JA 3 5 @ B3GRk 265 IR
J BT A b ORI RN LAt R H B R AT
A HT , FL 46 H R TR L SR DR i RN R 4%
Fu AR EY R S TN R

32 AREBBEIHFEEEGRES TN

XA RIS S TR ST, v T SR
BB TEA RIS W . Feng 4% (2021)
W Actin5 C XN R 7 2h 746 B U iz i H
T Cas9 1 Gald D) HEAR W 3RIA . Xu 55 2019 )
FAE T KA Nanos F:H ( BmNos ) JA 8l F BTG
PE, IEIPAL T A 3 CRISPR/Cas9 24 Nos
UKZN Y Cas9 ik, Y€ T BmNos J&i 81 Al 8K 3
ARG R R SR 3R e SR
CRISPR/Cas9 Ml RSB T Hefii, Ahmed 55

(2019) M| HBEH M Drosophila suzukii U6
hsp70 IR SG 21 T4 318K 5 gRNA FI

Cas9 WYk, & 7 AN gmEHA, IFHITE
i Dsp2t ( Drosophila suzukii B-tubulin2 ) FEA,
A H G 2 FIK S R 7 b 40 B e O i A

( DsRed ) BYF%35, 456 20 HDR ( Homology
directed repair ) JEK g AR T T IE RS T
PRICRG, i R A FAERRATH
A (Sterile insect technique ) FJH 5 Wil 3 dy
T80, IR PR AR E B A58 A P 2 SRl
M TR RAERT & H R R
CRISPR/Cas9 Z 5t i P 4 B A00CR , Ni 48 2021 )
SEREIFINA T 4 AN IEME U6 I 3h 7ok R ) PR
3L ( Drosophila suzukii White ) WR2AS, #ivE
TP RIS gRNAs IR TYER/E, N
R R i 1 At A 5 RN N FH AR o A AR TR R
Ren 4% (2013 ) 41l 1 —Fh7E U6b J7 3l T A9 £l
TR sgRNAs 1Y BUR. DNA {1 A Nanos Ji
BFFRIK Cas9 MFFEFRMMIGS, WETH
CH BRI A B NE RN 4] DNA 4B Tk
Neville %5 (2021) jflij CRISPR/Cas9 A" 4=
— SR fruitless (fru ) P1AZC A 8l X8 Gk
&, IIF=AE T — S 5L R frudPl, 161X
S L A IR B B Fr 923K, 4l
TR MM X HE M SR ARA T S KK, I HAE
TR EART, it —H9 T fru P1 G 3T 6k
XoF P 29y B HG Xof SRS 7P il 8 7 2 ) e 7 )
SENN o 7RI B el AN [RI 2R 8 )5 3l 7 ) 4 e
O7 3 K S AT I R 45, ik 3 iR,

X3 RBHEARRBBHNFHEERERERA

Table3 Identification methods and applications of different types of promotersin insects

e LA (3R )

S B M 5 T i SN ] Wyl

Promoter identification method

Category Gene (references)

and application

Species

2 G 3 F actin 5C (Thummel et al., %%3JELR Transgene

Constitutive 1988)
promoter
2013)

Polyubiquitin (Anderson ef al., :3L[H Transgene

2010)
A3 (Fatyol et al., 1999)

CYP6ab4 (Zhao et al., 2015)

Am-actin5C (Schulte et al., WEh}35 Transient expression;

Bt # ik Transient expression
X HR B A FE P R 458

MG ELE  Drosophila melanogaster

VG Apis mellifera

ML ZEfL Electroporation

WK AR Aedes aegypti

FAx Bombyx mori
KA Bombyx mori

Dual-luciferase reporter gene system
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4% 3 (Table 3 continued)
= [ == =N}
#51 B () I Bl T RO MESE Iy i B A Wy
Promoter identification method .
Category Gene (references) Species

and application

20 B fS B+ TeaTubl (Siebert et al., 2008)

Constitutive

promoter .
121 (Miyata et al., 2019)

Twist (Pan et al., 1991)
Nanos (Ali et al., 2010)

HAVRE 5 1R
2T
Tissue-specific
promoter

Lsp-2 ( Benes et al., 1996)

Yps (Sendergaard et al., 1995)

ninaE (Mismer and Rubin, 1987)

MSSP-a2 (Christophides et al.,
2000)

MSSP-f2 (Christophides et al.,
2000)

30Ka; 30Kb (Mathur et al.,
2010)

UbL40 (Anderson et al., 2010)

B2 tubulin (Smith et al., 2007)

VgR (Cho et al., 2006)

LCH (Pham and Chavez, 2005)

HCH (Pham et al., 2003)

AeCP; AgCP (Moreira et al.,
2000)

Vg (Kokoza et al., 2000)

AgAperl (Abraham et
2005)

GI12 (Nolan et al., 2011)

al.,

Vasa (Papathanos et al., 2009)
elp2l (Schulte et al., 2013)
serl (Guo et al., 2005)

Bt ik Transient expression;
HFP Transgene

KGR B & HE ) R 58
Dual-luciferase reporter gene system
¥FE Transgene

M I Transgene;
H M Deletion assay

HEL A Transgene

¥FE Transgene;
B 4r#T Deletion assay

HIL] Transgene;
K 43HT Deletion assay

P Transgene
FEFE[A Transgene
FEFE[A Transgene

X2 W i B K 3R ¢
Dual-luciferase reporter gene system,
HEL A Transgene

P Transgene;

JEA 2238
HFP] Transgene;

JENIZAE In situ hybridization

WO N ieeE SRR

Dual-luciferase reporter gene system;
DNase I /£#F DNase I footprinting

XU R B S P R 58
Dual-luciferase reporter gene system;
DNase I /£ DNase I footprinting

HHL Transgene

In situ hybridization

3L Transgene
HFP Transgene

HEL A Transgene
HEL A Transgene
H:EL A Transgene

B4 AcMNPV Rk IK R 5

Recombinant ACMNPYV expression
vector system

TP Tribolium castaneum

FENANE S X 2 e
Polypedilum vanderplanki

RN Drosophila melanogaster
PRGN Drosophila melanogaster

MNFIRME Drosophila melanogaster
NI Drosophila melanogaster

PNGIRME Drosophila melanogaster

PRGN Drosophila melanogaster
MG ELE  Drosophila melanogaster
B R AR Aedes aegypti

W R AR Aedes aegypti

BB Aedes aegypti

BB Aedes aegypti

BRI Aedes aegypti

WK AR Aedes aegypti

R MARFEL Aedes aegypti

R MAFIL Aedes aegypti
X LLIE I Anopheles gambiae

X LL V8L Anopheles gambiae
X LL V8L Anopheles gambiae
B Apis mellifera
KA& Bombyx mori
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43R 3 (Table 3 continued)

el LA (3Tt )

J BT ) M2 5E T3 vk ] W

Promoter identification method

Category Gene (references)

and application

Species

2 U S f2 BmRI; Bmp4 (Xu et al., 2015) L3 Transgene
EIER Bmintb2; Bmintb3; BmCatO 4] AcMNPV £ikZh 1k 25

Tissue-specific  (Zhang et al., 2015)
promoter

Bmip3 (Deng et al., 2013)

FAx Bombyx mori
FAx Bombyx mori

Recombinant ACMNPYV expression
vector system

XU R M 5 2 P

KA Bombyx mori

Dual-luciferase reporter gene system;
HEL A Transgene

P2 (Jiang et al., 2013)
BmNos (Xu et al., 2019)
BmLSP (R34, 2011)
CIblI (Zhao et al., 2007)

H:EL A Transgene
3L Transgene
P Transgene

W335 Transient expression;

KA Bombyx mori
FRA& Bombyx mori
K Bombyx mori
KA Bombyx mori

H M Deletion assay

cathepsin B (Cai et al.,2014) & 4 AcMNPV % 5 # 18 R 4 FK& Bombyx mori
Recombinant AcMNPV  expression

vector system;

XU IC TR M 3 ] R 5L

Dual-luciferase reporter gene system

BmCatD (Yu et al., 2012)

H 2 ACMNPV ik 8K R 48 K& Bombyx mori

Recombinant AcMNPV expression

vector system,

XU IC TR M 3 R 5L

Dual-luciferase reporter gene system

FABP (Wu et al., 2002)

ESR ST hsp70 (Pelham, 1982)

PECER BN RN R 5L

Luciferase reporter gene assay

B ArHr Deletion assay,

VBRI
Schistocerca gregaria

R 05

Inducible S1 HRREF/ERE Sl mapping; Drosophila melanogaster
promoter WA 235 Transient expression
Am-hsp83; Am-hsp70 Bt #3k Transient expression, % Apis mellifera
(Schulte et al., 2013) HL%fL. Electroporation
4 R SEEPARARIE . BISOR S TR AEEN . 12

FNFR DRI Z)JZR R 2R Z W
KM E 2L J8 3 A9 2 A AR S X
TE Z T RIS R R A B O TE AN A 8 Bl
DN | DN G A PR TR R B4 AN e
K, NIRRT AR AR A | B
(IS T B AT BT, J5 3l 11 D 2 R 3k i 4
1% S PR P A oK B B B AR AR R
L BHEAZ RN > T A WA BOR B A Wt
&, B IEAR ISR G R 2 et sh T e 2
U AW SR, A5 IR 3155 4 b X T fE

A FH B 7 F S 4 D7 2 1) 1 EAE TR 4 4L
i, IR R sh T R TRE B2l | &
M B RPN E R 57 A AT AR LA T SE R

EAUR A F R MY, Bk 100 £
T, ARZ R R H T2 FE B8 1om, FRRFEL
Y N PR E AT TN AE= A= PN Y e
A T T U™ RS RE SR, WRRR IR 35 K R
I, Hr PQHE s B IRAR AR AR e U s o | BT
b BRI A o R AN [R 270 3y B e ]
o 4 B R DR R 8 A AE R B IR Y — P R
B AP HE R FB, G Marinotti %5 (2013 ) #]
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FHMEPER: S ML S 8 7 I & T —Fh PR R A
) P OO S DR T [ i R, DA Bl o
FRRRIEBE G o BRILZ AN, —867 A 225K
g Y B ML TR) A O A 1 TG 3l A S i e Bk A
Bl R 2 B AR ke B s Bove 1 g ) sl T AR T
F 2R ES , Hua 55 (2016 ) g HA o —
kB ¥ . {UH NF-xB 7 TS0 BmCecAl 4
JA BT, AU BT 5 2 e (5 5l B IR AT
5%, M HAD BT WA P e e RO i T 5

Ja B FAE R B UGS ERE R S A T, 7R
REr BRI, LIRS YT, HFEHZ
A POUIRmE | I AR A A, 5%
PSS SN E = I B PR R 5 N 5y 0
Ao TR TIFINEARRYF R R, 7
BT R TRE . Ok . SEE N H . AR
TG S+ o, F AR iy st
REAERSE, B> SR Z B2 5,
WA B T e B8 Z2 1 A A A TRt

i LAk, TRk B R Sis it ae b, T
Ji Bl Sfe ) g 45 Tl 5 DRI 45 A R 0 DA T 3K 3 X6
HAYBHIR 2 BRI HIBEST , AR A AR K0 1
Hii s A
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