GR7/Fredor it
JOURNAL OF BIOSAFETY

2015, 24(2) . 108-114
http;//www.jbscn.org

DOI: 10.3969/j.issn.2095-1787.2015.02.004

FE UG TR K B AR 1 v

VPR SR, BRERS, R EET, ik
'PEMFRESEAGH ARG ERASHRT, AL F5HNANFEELTRT,
L% 200032; PR EAF R A, T 100049; P E K K FAGHFEF R, K 400044

WE. BETRERMA T BB DNA EHE R B, BORBE WA RY], 7% 8 T2 B A W AR R A 2 H U,
LA ARG £ 8 ) 2 — I B SER F R R P 2% i it Ak A B R sumk, o TR iR N B aT
Bk HAE A Y BR G A Sl 2 A, CHAE R EOR EAR T2, A SCERR T e R
B4 SR K TIRE , H s R A () B U A8 T B DR B AR v 0 I P 0 Bt e PR 2 M AR e DA R e AT T i
KR T Bl R, Lk

The application of insect transposons in transgenic technology
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Abstract: Transposon is a class of mobile repetitive DNA segments in the genome. Many studies found that transposons constitute a
significant component of eukaryotic genomes. They are the main driving force of genomic and phenotypic evolution, and have an im-
portant contribution to the evolution of gene regulatory networks. Transposon mobility in the genome makes them an attractive tool in
the field of biotechnology and molecular biology, especially in transgenic technology. In this review, we introduced the distribution,

types and functions of transposons in the insects, reviewed the application and examples of insect transposons in transgenic tech-

niques, and discussed the transgenic security and stability of transposon.

Key words: transposon; insect; transgene; security

1956 4F- McClintock £ K T &I T #l7C 4,
MR T R AL A R — Bl B2 3 B9 DNA FP
G, AT LA 3k AN [ 5 e AL DA KR PR B — Ao
“BRER” B 5y — M R R R E T T e 4
5 )% It 1 8% %% & T ( Transposon ) ( McClintock ,
1956) ., ARHEH AL FE ML A9 A [6) 32225324 DNA §%
J#F ( DNA transposon, Class 2) il Jz ¥% 5% &% JiE 1
( Retrotransposon, Class 1) ( Wicker et al., 2007 ) ,
DNA B L1 5P FIA I ( Cut and paste ) HLi
HEAT I JAE 7 GGl ot v B AR T AR L S DNA
¥R LIXUEE DNA R U I8 5 B AL 58
BURR B e S JRE - LA $5 DU I ( Copy and
paste ) HLII % e | L 56 LLOBURE DNA S A5 A 5 S B
RNA, F30 5 45 cDNA , 5 48 4 B L IR 40 v 5

175 B A ( Received ) ; 2014-11-14
HETH.: BEX 848 FE4ERAMETE(31420103918)

TG JRE (T 1) o Bt syt B JAE A0 475 KR o 8 52 T
4 ( Long terminal repeats, LTRs ) FAl3E 4 K i 85 &2 T
- ( Non-long terminal repeats, Non-LTRs ) ; 3+ 7R ¥t
R IUME XA 43 B FE B A JTF (Long inter-
spersed elements, LINEs ) F13E 5 3 4 55§ A oo /4
(Short interspersed elements,SINEs) ,,

e R ELAZ AR ) S DR A A A R AT, a0
SR 2y NIRRT I 0 45% B ARBER 4 )7
Y 75% S48 Drosophila melanogaster 3K 20 ¥ 51|
M 15% ~22% F1 KU Locusta migratoria 3% [H 41 1)
41% % ( Ashburner & Bergman, 2005; Kazazian,
2004 ; Quesneville et al.,2005; Wang et al.,2014) ,
e AR e RE g O HUAT DA d Ao A e 1 i AR
FEDIZH TR 5 DL DRI 3 A 1 2 6 PR AH R A 10 32

3 HHA (Accepted) : 2015-03-09

EE®ENY. WE, B, i+ R L, HR T E. BRh A EDNF, E-mail: xzgxexj@ 163.com

* 18 I AE # ( Author for correspondence) , E-mail: zezhang@ cqu.edu.cn



5 2 1

VFZEAE ;B R 1 e DR B R i - 109 -

B NZ—o T3, O RAH Kb e 5 n
IRV Bt JAE 241 R LA aek 22 R AL o502 8 30 A P )
SRR A (8] 2) o BESUhl e 1 N ] AL —
SR T TT A, 2 A e e A A B 2y e R R
P B AT BE AR R 3 i Y 2R 3K ((Feschotte,
2008) . 4, NSEHH 4 KRAH 22% 1 )5 3+
Ak ¥ EF (Jordan et al.,2003; van de Lage-
maat et al.,2003) o 4% 4l A B —LE L |

AT 42 T A O ELRCIR 1 DA 0 I =30 1 oo 1
I, A AT RE T BOL AR I HE P Rk 1 56 i — L
W VR T R 23 VR S 2R WL TC R A 0 A7 52 i &8 0T
3k ( Girard & Freeling, 1999; Grewal & Jia,
2007 ; Slotkin & Martienssen, 2007 ; Wallace et al.,
1991) . MeAb, e i+ AT LL3E i Ah 1k el 22 <8 ik
FEH B LEFI A F 35 (Ni et al.,2007; Piriyapongsa et
al. ,2007)

Class1: LTR

Class 1: Non-LTR

Class 2: DNA transposons

1 3 RFEZHRETFHIEE LI E

Fig.1 Translocation mechanisms of three types of transposable elements
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Fig.2 The influence of transposable elements on structures and expression of genes
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in the silkworm, Bombyx mori
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Fig.4 Transposable elements in insect transgenic vector systems
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WG AR I H AR SE 0 Anastrepha suspensa i
INSE I R AE RIS HL Pectinophora gossypiella . 7%
W R0 Y Anopheles albimanus IR B s g Bl
ST 5 FE A (Berghammer et al., 1999 ; Handler et
al.,1998; Handler & Harrell, 1999; Handler & Mc-
Combs,2000; Peloquin et al.,2000; Tamura et al.,
2000; Thibault et al.,1999)

3 BREFREMESHREREYRE

SRRV R 2 AN J7 T (1) Fe ARy 2
Ao A A P i fE 3 L 4E X A5 i A F1 52
M B M B 1 A B SR (2) e R &
RHEKVEH , RIEE 8 TC I 5 25 B A R 3
FERR ERG VR T G T R R A — kB3, [
S NAEW I FE AL PN T3 R R O il AN AR T
e NEWRDY I DO S R & AR Bk sl i A oAl
Wik, BE FESABEENSR D RESSEER
YR P Bk Bl ANV A

Ban , M2 48 HUR T AL T a5 B IR M i A A
H, PESEEM AL S Gt HRR AR 1 BUK T 2400
T EITCM TR, 26 E AR FEAE I N 2% 42 420
BEERET 25000 hm® HHTFJE T #4074 50 8
P 5 PRI e s 1 ) 2 BE DR R 248 HU /NS
WALHAL 2 11 piggyBac 5 FE T S 10 L
B AMREGR IS T H T ZEY E A YRR,
WG BT RE AT AR ER
HE B BRTTBE A B A AR £0 48 H R AR AL R R
EAE ML L B R R BT K K
B, 5 R b, AR SR = A AR 20 A RERR

SE G OO AR LLES HUfy P O R T
19.8% , 1M piggyBac ¥ FEF W JE RN 418 & 67 A
RAEATATASAL, | BV Ji - i) DG b ] 7 7 55 R 21
HOT AN 2R 5% & A YR % JE (Miller et al.,2001)
R T v e 00 P 0 g BR A O A BE IR 52
FEVEFAT LA — HEE IS E T £
4 %E

PR BER R A R R 2 B H Y 2 TR — (]
FAMAELTICER . T B U R PR i 2 ik 32 22
SR HAT, piggyBac % BT E B gL 5 4b
N 2, B PR AR R B e, W T - 2
AL T 2R AL, (HJE T i — PR X
Sk BL PR B s A AR M A AR PR R Gk 1Yy
— B DL SR A o R AR B RUK PR RS A R,
TE R AR 8 I e JE - RGN T B st A% S b i
RIS A Y2 BA T R E L,

S 3k

Ashburner M and Bergman C M. 2005. Drosophila melano-
gaster: a case study of a model genomic sequence and its
consequences. Genome Research, 15. 1661-1667.

Berghammer A J, Klingler M and Wimmer E A. 1999. A uni-
versal marker for transgenic insects. Nature, 402 370-371.

Calvi B R, Hong T J, Findley S D and Gelbart W M. 1991. Ev-
idence for a common evolutionary origin of inverted repeat
transposons in Drosophila and plants; hobo, Activator, and
Tam3. Cell, 66; 465-471.

Cary L C, Goebel M, Corsaro B G, Wang H G, Rosen E and
Fraser M J. 1989. Transposon mutagenesis of baculoviruses:
analysis of Trichoplusia ni transposon IFP2 insertions within
the FP-locus of nuclear polyhedrosis viruses. Virology, 172
156-169.

Catteruccia F, Nolan T, Blass C, Muller H M, Crisanti A,
Kafatos F C and Loukeris T G. 2000a. Toward Anopheles
transformation; Minos element activity in anopheline cells
and embryos. Proceedings of the National Academy of Sciences
of the United States of America, 97. 2157-2162.

Catteruccia F, Nolan T, Loukeris T G, Blass C, Savakis C,
Kafatos F C and Crisanti A. 2000b. Stable germline transfor-
mation of the malaria mosquito Anopheles stephensi. Nature
405: 959-962.

Clark A G, Eisen M B, Smith D R, Bergman C M, Oliver B,
Markow T A, Kaufman T C, Kellis M, et al. 2007. Evolution

of genes and genomes on the Drosophila phylogeny. Nature,



5 2 1

VFZEAE ;B R 1 e DR B R i

- 113 -

450, 203-218.

Coates C J, Jasinskiene N, Miyashiro L and James A A. 1998.
Mariner transposition and transformation of the yellow fever mos-
quito, Aedes aegypti. Proceedings of the National Academy of
Sciences of the United States of America, 95; 3748-3751.

Coupland G, Baker B, Schell J and Starlinger P. 1988. Charac-
terization of the maize transposable element Ac by internal
deletions. EMBO Journal, 7. 3653-3659.

Feschotte C. 2008. Transposable elements and the evolution of
regulatory networks. Nature Reviews Genetics, 9: 397-405.
Franz G and Savakis C. 1991. Minos, a new transposable ele-
ment from Drosophila hydet, is a member of the Tcl-like fam-

ily of transposons. Nucleic Acids Research, 19 6646.

Fraser M J, Smith G E and Summers M D. 1983. Acquisition of
host cell DNA sequences by Baculoviruses: relationship be-
tween host DNA insertions and FP mutants of Autographa cal-
ifornica and Galleria mellonella nuclear polyhedrosis viruses.
Journal of Virology, 47, 287-300.

Garza D, Medhora M, Koga A and Hartl D L. 1991. Introduc-
tion of the transposable element mariner into the germline of
Drosophila melanogaster. Genetics, 128 303-310.

Girard L and Freeling M. 1999. Regulatory changes as a conse-
quence of transposon insertion. Developmental Genetics, 25
291-296.

Grewal S I and Jia S. 2007. Heterochromatin revisited. Nature
Reviews Genetics, 8: 35—46.

Handler A M. 2001. A current perspective on insect gene trans-
formation. Insect Biochemisiry and Molecular Biology, 31:
111-128.

Handler A M and Harrell R A. 1999. Germline transformation of
Drosophila melanogaster with the piggyBac transposon vector.
Insect Molecular Biology, 8. 449-457.

Handler A M and Gomez S P. 1997. A new hobo, Ac, Tam3
transposable element, hopper, from Bactrocera dorsalis is
distantly related to hobo and Ac. Gene, 185. 133-135.

Handler A M and McCombs S D. 2000. The piggyBac transpo-
son mediates germ-line transformation in the Oriental fruit fly
and closely related elements exist in its genome. Insect Mo-
lecular Biology, 9: 605-612.

Handler A M, McCombs S D, Fraser M J and Saul S H. 1998.
The lepidopteran transposon vector, piggyBac, mediates
germ-line transformation in the Mediterranean fruit fly. Pro-
ceedings of the National Academy of Sciences of the United
States of America, 95. 7520-7525.

Haymer D S and Marsh J L. 1986. Germ line and somatic instabili-

ty of a white mutation in Drosophila mauritiana due to a trans-

posable genetic element. Developmental Genetics, 6; 281-291.

Holt R A, Subramanian G M, Halpern A, Sutton G G, Charlab
R, Nusskern D R, Wincker P, Clark A G, et al. 2002. The
genome sequence of the malaria mosquito Anopheles gambiae.
Science, 298 129-149.

Jacobson J] W, Medhora M M and Hartl D L. 1986. Molecular
structure of a somatically unstable transposable element in
Drosophila. Proceedings of the National Academy of Sciences of
the United States of America, 83 . 8684—8688.

Jasinskiene N, Coates C J, Benedict M Q, Cornel A J, Raffer-
ty C S, James A A and Collins F H. 1998. Stable transforma-
tion of the yellow fever mosquito, Aedes aegypti, with the
Hermes element from the housefly. Proceedings of the Nation-
al Academy of Sciences of the United States of America, 95
3743-3747.

Jordan I K, Rogozin I B, Glazko G V and Koonin E V. 2003.
Origin of a substantial fraction of human regulatory sequences
from transposable elements. Trends in Genetics, 19: 68-72.

Kazazian H H Jr. 2004. Mobile elements: drivers of genome e-
volution. Science, 303 1626—1632.

Khillan J S, Overbeek P A and Westphal H. 1985. Drosophila
P element integration in the mouse. Developmental Biology,

109 247-250.

Kidwell M G. 1977. Reciprocal differences in female recombi-
nation associated with hybrid dysgenesis in Drosophila mela-
nogaster. Genetics Research, 30: 77-88.

Klinakis A G, Loukeris T G, Pavlopoulos A and Savakis C.
2000. Mobility assays confirm the broad host-range activity of
the Minos transposable element and validate new transforma-
tion tools. Insect Molecular Biology, 9: 269-275.

Lidholm D A, Lohe A R and Hartl D L. 1993. The transposable
element mariner mediates germline transformation in Drosoph-
ila melanogaster. Genetics, 134 859-868.

Lohe A R and Hartl D L. 1996. Germline transformation of Dro-
sophila virilis with the transposable element mariner. Genet-
ics, 143 365-374.

Loukeris T G, Livadaras I, Arca B, Zabalou S and Savakis C.
1995. Gene transfer into the medfly, Ceratitis capitata, with
a Drosophila hydet transposable element. Science, 270, 2002
-2005.

McClintock B. 1956. Controlling elements and the gene. Cold
Spring Harbor Symposia on Quaniitative Biology, 21. 197-216.

Miller E R, Staten T, Claus J, Sledge M, Peloquin J and Mill-
er T. 2001. A multiple generation life history study on rearing
a genetically altered (EGFP) strain of pink bollworm ( Lepi-
doptera: Gelechiidae ) Vi Proceedings of Belt Wide Cotton



- 114 - YRR Journal of Biosafety

%24 %

Conf. Anaheim, CA.

Nelson O E and Klein A S. 1984. Characterization of an spm-
controlled bronze-mutable allele in maize. Genetics, 106; 769
=779.

Nene V, Wortman J R, Lawson D, Haas B, Kodira C, Tu Z J,
Loftus B, Xi Z, et al. 2007. Genome sequence of Aedes ae-
gypti, a major arbovirus vector. Science, 316 1718-1723.

Ni J Z, Grate L., Donohue J P, Preston C, Nobida N, O'Brien
G, Shiue L, Clark T A, Blume J E and Ares M Jr. 2007.
Ultraconserved elements are associated with homeostatic con-
trol of splicing regulators by alternative splicing and non-
sense-mediated decay. Genes & Development, 1. 708-718.

O'Brochta D A, Atkinson P W and Lehane M J. 2000. Trans-

formation of Stomoxys calcitrans with a Hermes gene vector.
Insect Molecular Biology, 9: 531-538.

Osanai-Futahashi M, Suetsugu Y, Mita K and Fujiwara H.
2008. Genome-wide screening and characterization of trans-
posable elements and their distribution analysis in the silk-
worm, Bombyx mori. Insect Biochemistry and Molecular Biol-
ogy, 38: 1046-1057.

Peloquin J J, Thibault S T, Staten R and Miller T A. 2000.
Germ-line transformation of pink bollworm ( Lepidoptera:
gelechiidae) mediated by the piggyBac transposable element.
Insect Molecular Biology, 9: 323-333.

Pinkerton A C, Whyard S, Mende H A, Coates C J, O'Brochta
D A and Atkinson P W. 1999. The Queensland fruit fly, Bac-
trocera tryoni, contains multiple members of the hAT family of
transposable elements. Insect Molecular Biology, 8: 423—-434.

Piriyapongsa J, Rutledge M T, Patel S, Borodovsky M and Jor-
dan I K. 2007. Evaluating the protein coding potential of ex-
onized transposable element sequences. Biology Direct, 2. 31.

Quesneville H, Bergman C M, Andrieu O, Autard D, Nouaud
D, Ashburner M and Anxolabehere D. 2005. Combined evi-
dence annotation of transposable elements in genome se-
quences. PLoS Computer Biology, 1. 165-166.

Rubin G M and Spradling A C. 1982. Genetic transformation of
Drosophila with transposable element vectors. Science, 218
348-353.

Slotkin R K and Martienssen R. 2007. Transposable elements

and the epigenetic regulation of the genome. Nature Reviews
Genetics, 8. 272-285.

Tamura T, Thibert C, Royer C, Kanda T, Abraham E, Kamba
M, Komoto N, Thomas J L, Mauchamp B, Chavancy G,
Shirk P, Fraser M, Prudhomme J C and Couble P. 2000.
Germline transformation of the silkworm Bombyx mori L. u-
sing a piggyBac transposon-derived vector. Nature Biotechnol-
ogy, 18: 81-84.

Thibault S T, Luu H T, Vann N and Miller T A. 1999. Precise
excision and transposition of piggyBac in pink bollworm em-
bryos. Insect Molecular Biology, 8: 119-123.

van de Lagemaat L N, Landry J R, Mager D L and Medstrand
P. 2003. Transposable elements in mammals promote regula-
tory variation and diversification of genes with specialized
functions. Trends in Genetics, 19 530-536.

Wallace M R, Andersen L B, Saulino A M, Gregory P E,
Glover T W and Collins F S. 1991. A de novo Alu insertion
results in neurofibromatosis type 1. Nature, 353 . 864-866.

Wang X, Fang X, Yang P, Jiang X, Jiang F, Zhao D, Li B,
Cui F, et al. 2014. The locust genome provides insight into
swarm formation and long-distance flight. Nature Communi-
cations, 5: 2957.

Warren W D, Atkinson P W and O’Brochta D A. 1994. The
Hermes transposable element from the house fly, Musca do-
mestica, is a short inverted repeat-type element of the hobo,
Ac, and Tam3 (hAT) element family. Genetical Research
64. 87-97.

Wicker T, Sabot F, Hua-Van A, Benneizen J L, Capy P,
Chalhoub B, Flavell A, Leroy P, Morgante M, Panaud O,
Paux E, SanMiguel P and Schulman A H. 2007. A unified
classification system for eukaryotic transposable elements.
Nature Review Genetics, 8: 973-982.

Xu H E, Zhang H H, Xia T, Han M J, Shen Y H and Zhang
7. 2013. BmTEdb: a collective database of transposable ele-
ments in the silkworm genome. Database ( Oxford), doi:

10.1093/ database/bat055.

(FrAE 28 AR )



5 2 1 VFZEAE ;B R 1 e DR B R i - 115 -




