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animal with about 20% transposons in its genome, which makes it an ideal model for studying the biological
properties, host defense mechanisms, and functional evolution of TEs. Its discovery provides an important
paradigm for understanding the relevant mechanisms in higher organisms and even in humans. This review
systematically elucidates the classification and distribution characteristics of transposons in D.
melanogaster and their interactions with the host genome, mainly focused on discussing the host defense
system centered on the Piwi-interacting RNA (piRNA) pathway. Additionally, we analyze the biological
properties of key transposon families (e.g., Gypsy, Copia, P-element and I-element) in Drosophila, as well as
their dual roles in genome evolution. On the one hand, transposon insertions have been demonstrated to
trigger genomic instability, heterozygous sterility and aging phenotypes, thus providing a suitable model
basis for the study of related human diseases (e. g., neurodegenerative diseases, genomic instability
syndromes, etc. ). On the other hand, their sequences can be co-opted by the host to create novel
regulatory elements or functional genes, thereby driving adaptive innovation. Finally, we discuss future
research directions, including the regulation of transposon activity by environmental stress, the interaction
of the piRNA pathway with other small RNA systems, and the molecular mechanisms of transposons in
aging and neurodegenerative diseases. The study of Drosophila transposons has been demonstrated to
facilitate a more profound comprehension of transposon biology, whilst concomitantly unveiling conserved
mechanisms and principles that provide a theoretical foundation and significant insights into the study of
human diseases utilising experimental animal models. Furthermore, these insights are instrumental in the

development of gene therapy and gene editing technologies.
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ALAGRME KB FIIMNEE

TEs 5 (NBH T 2B T R
BEF)

BT
L el TE-derived regulatory se -

tissue

quences (e.g, promoters,

tal timing, or environmental re -

enhancers, insulators)

sponsiveness of adjacent/host

genes

Altering expression patterns,

RIBABEN TES(LHLTRE)IEAE
mEREXERBE, KR EER
R

Body color evolution: TE insertions
specificity, developmen - (particularly LTR retrotransposons)
drive rapid diversification of pigmen -
tation patterns by modifying regulatory
landscapes of pigment-related genes

PIF-like B2F : Ri&EH Z /IR YL E

FEEAEH MBI ENE

TEs TR IAF TENRS 7!
Full or near-full TE coding se -

wmEFI(R2ER)
Protein-Coding Sequence Co-

option (Full-length) quences

PIF RS, 2 R ETROThRE B E R Ik
PIF-like genes: Independently co-opted

Bk

Generating novel structural

from PIF transposases in Drosophila

proteins or enzymes with cel -

phylogeny, forming new functional

lular functions

WY EERAMINERS SHA
ighorss

fRAS I (Thagieh/AE ik
FEFAICONRRRR) o e mmmms
Protein-Coding Sequence Co-

. ) . Specific domains of TE- Confe
option (Functional Domain/

encoded proteins
Module)

cellular processes

EREEESABIRPREE

1€ TEs RIERE M =1
Activity or products of specific

]
BATHRA ek

Holistic Element Utilization i
TE families

contexts

host proteins or enables new

Exploited by host in defined
physiological or developmental

gene families

Arc/Arc1 ZE R (Gagld) : KR TF ¥R
TEs(40 Gypsy. Copia)Gag &EH , FX A
FTHEEN, B B8 MRNA, N SHE TT-
BRIk 42 7518 RNA iz, X358 fimm] 28
HHICILEXEE

Arc/Arcl proteins (Gag domain): De -
rring novel functionsto  rived from Gag structural domains of
retrotransposons (e.g., Gypsy, Copia).
Form capsid-like structures for inter -
cellular RNA trafficking between neu -
rons and muscles, essential for syn -
aptic plasticity and memory consoli -
dation

mdg4( Gypsy&Rix) : 1 RIBIFER T H
AEAE, 1B STING-Relish B IES:
EHHERRSRERS

mdg4 (Gypsy family): Activated during
pupal metamorphosis, establishing a
systemic antiviral immune defense
state via the STING-Relish pathway

O ETE R R
NUFIER H BT AR, JofE RO Rk (s A
Bt FREEIGR) FIRMER (kaEEl) 52

Mz, TEs YIRS £ -TEs thE Sk — %
BRI EYE T 15 T BRI % 5

T REBB I RE RS, RERAE N LR
BREIRE) S (10 100 200
3.2 TEs5=ERER

SR BRI, TEs B S EIE L 5= EM
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BRSS9 721 R SRR 7
YR, IR R E RAS M ) J A TEs JTER
MR RS I R, 5B TEs 75 5% F0EE B 75 1 3
i b2 s ) SORER ISR ME Y TEs TR L2251 & 3
RIZHAFAE . DNAR RAER R LS RS LS,
IXEEHE R AR ERHE [ 1,

TEM IR T I I SR 2 0 2, L
TEs R @G EI G 77, 1 piRNA i8S B4 53
Ago2 SN TEs 3RiAs . SECERAKIBIER LI
FERS G gas ., HER TEs G 1L Al BE S8 &2 o B
Yook 150, 76 AN tau B GRS SR AT AR AR AR
R E tau BB 15 S A0 piRNA BEVE S350 TEs 23, B
fEHEIZITEET., IR %E (ERVs) B
2B 7R VRV BR R AL A T 1A b e PR £ 2 i 5 Y
. FREATEs RKIATEAZ tau R HIRHEIRTTHEZ 12
REFRONLEIIREIE =& 9,

IR, Witk RSk, RTEL
PE— B TEs A E ML, s Y, Bhxd
TEs JTEANLEIA T30, Flanist 3Rk F e mAE S 5L A/
(faSir2, Su (var) 3-9, Dicer-2) BYfd FHGERIGHN
HIF0, AT DA A IS A TEs 15 AL E K SR g 5y
SR TR TEs REHIE, BITEs PRSI ERE
MR EERZE ™, FAMERICHAR (CLEVR)
AfDAE BEBEE Gypsy 55 ERVs (E R H RIB S TR R
MR E RIS, &I SiRNA VB R 52 S B0
SHIZ, NIFFRN TEs iS5 REHC AR T
IE [72]0

4 PBERIBTEs RIENARHE

41 GypsyZhx

Gypsy /& — M LTR B4 % %% 5% TEs, [RH B A %Y
Env & H 058 = JF I B SR o 5 1 7 S 0 25 = A
fBL, AR B R NR Y 2w E (GERVs) fHLAY
fRFE 1 770 Song FHR M TIEHE R I Gypsy Fn il Y
Env FEER 2 RERLATIN T/, FFENG R &R P K
SERIK, FEFETRERR . X B A R
M, BB S ARG IR & &R A S KRB Gypsy Tl ATE
P, R Gypsy BE R EFREHAFE ™, Touret
BRI T Gypsy VERRRFRIN TR M5 S S
fosE AR, HARRANE A 5 568 2GR REAH A Y
I FERMNTEIE (endogenization) HICEELTR ), BT
HAE NIRRT, Gypsy FKIGR mdg4

TLHEBCR IS 5 RS R B IR R IE R,
BSIURERA o AN, WIRTAA, WHELSIE
Tk A Are #RUERHSRIET Gypsy RKIGRH Gag 22 H , FF1E
AL TE] RNA B i P AR B R A (Y, X B 5T 2L ]
R T Gypsy FIGIERIEH G EY) 7R, fEE
G 51 R AT BRI A DL A S R 2 1)
REHFRYIIAE o

4.2 CopiaZ ik

Copia &S0 HH iR AR IUFNAA S8 6 LTR A4 5%
TEs Z—o Shibafll Saigo fERIEREFZRANMI P R TS&H
5 Copia 7e4[F11E RNA U FE R B AR BURL (VLPs),
XEEVLPs 2EKE, SHEAMRNAHSY, HEAT
SERSFETE M BV, Klumpe %A (2025) il FI & VR HLBR
iyEs ki ey N e e S G 2 v Nt TGl T v
Copia VLPs 45+ 700 At A17 % P40 ifg 55 v 8 Copia
VLPs K/NAS—, k%A B VLPs KNS —FF B 808
REEIR, 1E piRNA JH B HR P HO SR g b, At T H]
Copia FEXE T RAET P GBI HM L, FIERRRTE IR
LTR B35 5 5% TEs 855 il J& EAFN A0 B 45 4 A= P 2 f it
THAIRE T 5 Gypsy FKIGHML, Copia FIEH Cag
EHMHAEPIIMBRY FEE, R Acl EH
(5WEFLEIY) Arc [AJE) # &K IE Gag XI5 Copia 1Y
TEs ] Gag 52 H E AL, 772 5556 dArcl mRNA
FHim EVs #7568 1)y Brassicaceae FHEYIHF A FT
FeBH, Copiastft (WIONSEN) HEWSEIE LTR iyl
RERLTCH (HREs) XFRGARE RIER, #&R T
TEs R RE 18 IS M BRSBTS SR T BE M, XA L]
72 Sl At AT BEAE (LB B U [,

4.3 P-elementZ &%

P—element 2 515 A 5T B & AP DNA TEs &2 —,
PIE S [ A ZF A B SR BE I E 4 o P—element A
RIMFIRF AR HE S T RESE B 2R R R, Fr
Z FEEREA . BRI 7 T P2,
P—element ) [958 75 B A i ) 76 JR it ' P H R i )
RIAEEFS] (ITRs) 'y P-eclement TEM AL 22 (i1
ZPIHF) MRS PRIEAR (B PRET) AR
JEACRRERBL T i, e R O s A R ) 2 )
S X AR AR X FR M 2 2 PR B R A 0
Selvaraju N (2024) B P-element 5 AFIREY D.
erecta i 7%, BEZE 718 ERGEENZ AN E R, K
piRNA B H S 2 — DR, HARMATRESE
P—element P HETH 1361 Cao FEAN (2023) B9 HE



LR ENM S E S Laboratory Animal and Comparative Medicine 9

7N T P—element £ 50 BE R A0 A A AT, TR
S HEIGAL ST, SR in i S
TR XS ) o Xt P-element S AR HLHIIBIZE . R
{AEFRAN TR R T TEs AR, oA
IR TREEAE T BRI
44 [-element XK

I-element ‘2= R IR TP 55 —2594E LTR T 1% ¥4 5% TEs,
S5 kM ABTEESE, MI-RAS, I-element
R (R) s 5iES8 (1) MR 2GR
T AR AT I 10, Moschetti 28 A (2010) HORFSE
R, EREFEFAERARS, AEREEHAREE%
., I-element R AT RERBLHI BN AAFRE M, X51-
element ¥ SRZRTKPAEOG, SR HE 32 22 2 RO A
PSR 00, Cao FRITE AL AT E R, 1R TR A
AR R A 22 R EE RS OSSN RGN, I BAE R sh A
IME T XIRZ BRSPS R o KT I-element (IR
FENERAARE LTR LW 56 5% TEs B FIE 5 | A F R A
AEMERIURIERAE T A,

5 BESRE

RMEAE RIS R B, H TEs 5T
N R R AR E AR BRI S
KRR FRHVSMAFIR M TR 6o B SRR,
HATRANBLR T TEs Tl AR RSFIE. 78 P (o
2 FE RSP piRNA JEE ) BRSO JF IR w4 2> ),
PAK TEs " X716 e A 2 DR AL 16 A o g A2 0 A
F 8 R ERAATE. MR ERIREMHIR
B (AnmziRA) BOSREhE 0 ), SO BT
TR RERE R (W2 5 A TiE I Arc [FJEY))
R BIFIER 0 0 7 IR HUR Y A 7 SR
SHAEYY:, ERZIETR TS ARENRH A
P A AR O A A LB, BTn AESE AR R e
R AR s AR Yk '
TEs SEMME ZRE. DA TEs RIS 5REFME
BAT VR

TR AR, SRUE TEs B 50R Ak SEAE LA 3h W) S EE
BRI AR SRR, BT A

1) RN TEs R EAELH] . RARTR
. FR. BRERERR NS E TEs 5
MR E LR (W1 piRNA JEEE) [ 20 3095 o1 JOR
SORTAEYNE R, WONBRRAAEERER (A5 49
A7) I R R AR FNEL R A A FEE MR AR

Rt (e imE. JeiE X)) $RAMRARINLHIZR

2) SRR NS gt S REAEIAT piRNA
P S HAM/NRNA 248 (W0siRNA. miRNA) KRN
BEER (WHEAHEMA) 2RO EAE
R B 00 X E IR B NS R A B, N
AR ERBOR M B E 5 5 A R 7 2 A E B
RIAYT SR (W3 T/N RNA B Mgmiaas iy ik) 12
IR E R AL S

3) TEsfEREZSMAEIRITIEERF I OMERS
T A P SR B K 14 35 £ T BRI A Y
PABREIAL, FEEATRE TEs Kk (10 Gypsy.
Copia) VEMIST TR, FUIERARLERS (W DNA #7
L. RIEWIE) T A& hRe R A S T FR Y
Tilke XHE RS T T TR MR (W
Bl /R R IFERE ) BRURAE s (Wl SRBHI R B
SRR EERNLEY) . M IS el
BRI SO &

4) TEs YIMEHLE S EPRARBIH . R AT TEs
FRylsrE £ g™ heeE R AR T it
RS ERRES Y XA B R4 3 1
IR, HaERFHMAEM TENF .. Hlin, HE
TEsZifid & (W Gag) 1 FHY RNA EAIAIMIEE
BUH, BRI AR #E R RIG T Bs AR
AT S . XEEIERG (W P-element F5 R ) 1
FANUHI RSl s E 2 4. mRAIE R S
BRI AR

B2, R TEs (78 2B Rl AR Y R IS ST
GhIE. R EZE TR IRRELN A HE, &
FRER A R I RA A i EE AN . BRAR B R AL
il PAR R R R RG E T AL RR YT H ok g, Bt
VEEAS YT (0422 O] IR DB AR S 7
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