F138 HERETFREHS IR

1B A FRI RIS 73R
2. [RfZE YR RVAL R T
3. Bz Y RVAL FE T
4. ¥ BRAE R Y 57 L6

=t

5. B B[R FHIRIE F RN K H
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EA=EiE

>l

13.1 %ﬁ*%%ﬁmsﬁ%i*” '
13.11 3REEEFHILIT

19144 Emerson MIRERKRFTREEE, £W— Wﬂ:ﬁ&%&ﬁ’] [—)
KR -2 ROIERT-FAETREANE. ZIEHEBER. ~

XFHERNFEETRETEFNATREN, BEATLAIRTRE? thAER

19384 Rhoades fAREWREEE KT EREZIRE, EOHT—
MIFR 2 L BNATE RN ERNF A, £I: £6: BoHE=
123&%%%&0ﬁﬂ%%%gﬁﬁﬁmiﬁtﬁoﬂﬁﬁw

HEEA, FEFIEER) 2a RMATE;
%—%Dt (=) REARBERS.

\ :\,_
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RERABEH AR, 3
PR] Dy 22 A1 428 il B e 7= A2
HALA, I E R a,.
KA,/ a,;D/d, A~ a,
Fld, = DX FEAR T 7= A 1)
- BIEHA, KRBT

12:3:143 B LL Y = Fh R 7Y
HEAR.

A, didt

A FEAE

A,a, Drdt

XA AN 2 l

9 @

9/16 3/16 3/16 1/16
A, Dt A, duddt aaDi_ a,a,dtdt

— —

HE Te5t HE

13 -1 FORTEBER AR (L2 i 7
(a) MTFEHTFMIIERNFRFAERNZRE  (b) BRFIA N T RFRER T S W7 B4 4R

o AV
s -‘.L_l.i'.:t,.... 3 _ “;u_
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BRALAERZSHEAERDE? —HrgEERMEpEP~ET
BIE3R%Ea, & 4, BERXENRSFEZRESINENEIERE.

Rhoadesfta, a, 0, (e¥) BIL[H AL THEYIRIE PR BIBNEB
Bz, EEMNIETEERTFEBRNEAR, MtAXLEEHRS
a, a, WEHNZ, ERENERTEEFHEN. RAEFEERFED
Bt SebrR B2 Bl B R REIIN .

a; RAEREMNARERZEFMERGIF, X PEFALEERY
PREMBRTAENDZERNGFE. —BEERTLE, ENRER
WRET; BIDERGEEIA, EE, XBTA4, IRENHNE. FEMmMDI IR
ZEEREFRFFIRE. Rhoades &I 7 RLEERMNARENM, mHEHXMA
REMERSD—MEZAEFEES . BENRIERXIARE ERIEE

—




@ Aif» 4

wunan University

1940F 219505 McClintock #1377 EARIEFLHIEE. HBEBUAH

BERLTERERAXEREZ EWHEXR. LR ERRRINR

ER, FREECHEEZMMBEMRERER “HH° XMREHD
=—RRNERRTFER, Ml T—MEHIEFRFEERSE.

a) Purple kerneis

— gene expressing
pigme product

Ds can transpose into C

Disrupted (mutant)
c gene

Spotted kernels

Activates Ds transposition out of C in
a few cells during kernel development o

Reversion of
< mutation to C
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RIFASEEFZMAEFARER, McClintock 195124 T
EREET FiR.

X L 5L e A FEE A LUB R BT, R IEARRERE ARz B BER
—— N ARRERE (jumping gene) .

XEREFAREPIFFRKNERLI, FEREB @R T —
Ao BXMRIFRHRRFARZZSFEITIIEMR .

EEIJZOﬁiﬂéOfﬁﬁShapiroEéﬂiEP&?EEETEI%FJZEI’\K%%?E
(E13-3) , X—RAHEZ.

MEHELgal”™ Hlfma Lgal

\\ // 75 DNA
= = mmyﬁhﬁ&mwﬁ;f’ﬁgiﬁﬁ___ﬂ”*ﬁ (1) 2 BEBR BE L S
' (2) HTFRETER

gal T
N

j}:ﬂ:ﬂ-’q

1 DNA 4513 A,
Efﬁﬁ S A T Mk

P13 -3 SR DNA R Bl A5 2 AL R 3



©Aik+4
st 1312 S EEE TS K

IRIEYE e Ak FE i A2 P (B R B 26 BY A R 5% BEFL IS H 0 AR 2

1 KR LIRNAN SRS EE, BIIDNA-RNA-DNA R TERK, BELL
S H-F5M5” (copy- and-paste) FINFHITIEEE, frAk () FHEF (
retroposon) X EEFREEREF (retro-transposon) . IREBEHKKRIHEEFFI
(long terminal repeats, LTR)BYA J& X A] LA 93 L TR 2 4% 5% 4% FE F Flnon-LTR
REESRELEF2 P E;

SBII K42 FEFIBIIDNA-DNA FE R T F e e e, BIE#ADNAFYI
REXEIEARRERR D IHITHRE, TRADNARREEF, FEDNARSEEFH, 48
RER47 LA “cut-and-paste” ( BUYI-FANG) FHNHITIERE, D EEEREFIEITR
HERS BREMIRETEMERER N, EtEDNAYLEEF X AL 5 A3 T
K: “HY]-BANG" HlHEIDNARRRET, “RIFN” EFIVLIFIDNARKL EF

."l !Eg?lr‘".ké 1= .'l‘l .

>l




it » 4 .
monen oo GNAZE RE 8 |L TN JLFR 5 TN

(1) EHlEE e
S R BT AR R AE P e B E . AR R ERVES
PEF 72 (AR EE BT By — P Se B RYFE DL
Bl: — A DUDNERAL, B — R DR R .
RS LIRS, FREESERETRYFE DIRYIEN .
SHIAE MBI : L EERE (EH T IRAZ BRI I
fREiE XESHIEIEMRER

TnAF— A HH X AVAE FE TR B (N R & A AL IR M 1 T




HHHHHHHHHHHH

(2) EIIE’E%U*”%W
EEFAZEE: HREETFEA—TIREMAE (Physical entity)
BEEA—TMMIEBERZ—NMILR (site) |, &
A S B T —DMREEITHRIET O . AN HIEE
Mg A EELE R, BAFIIMEER
BEFTnl0K TnSiE A LA LA HIARBE, {NEEKEE
BERf

{R<F4%E (Conservative transposition) : BF—XIEE
HIAEEE M, TiZIEP R REE T MW ERAEALSY]

%,m):?ﬁi)\il%uf E—RINEIEFE—%E
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—RhNaE% KE (cut—and-paste transposmon) EQ}‘LW ?F?W N BT PS A EF' ?F?
FERFRIE NS .. EAFIFEFRFEREL G HETFHFEEEEREEE
ARGV EH AHFNEHFITIZEE

SR LLdE REF HUSR B — % BRI, T 55 — L3R REF Al g A 2 MR R
NISIFNIS903FH K A EHIFNIEE HIAFIRE . MulE A RE N [E] R (8]
FETARMIRERHN—M. 15, ALREFEESIRGE EYH
A2 AL B IE M LARI 3 B TR SEEL.

DNAX Eg it LU A dL HlidE T4 e, HEZREd 2B AT RIRER T
XLEDNAFF B3R RE iR A £ A dERIEFS 2 8], A FEGAREREIE
FHFRecAFEHRINES S, RKBTHREXEINAS I FEEFIHFE




S Ai+g

(3) RIS E 4L R
Helitrons % B F1BILR IR (rolling circle) |G T FE. H3%
B ARal. EFIFIEEF=1ME. EIRAIME, HEE ERIEHRep
EEERAEFMZADNA EEFFD IR sFH4 & ElHelitron 5'7K i
o ¥&E, ERImFITERYIZEIR, HRepHelZE BN A A TS [[)3 v
FHITES, BRI ESmSZAERNYIO3 mEREEXR. BE
HelitronZmASAYRPA (replication protein A) & B ok 18 3 [E 20 455 B 2 5
HEERS eI EN RS EEZ R — 1R ENEH. Tt EHIZE
RAEF, — N STERHelitront MRIG LS VIEI LR, Hidd EREHSF3!
imRE IS, BaRIMEH.




© A+ g : ~

- VwWuhan University (4) /El\}ijDNAgi:?F‘:l_

V. KapitonovF (20065F) e T B & DNAYEEEFHIGZREEEY ([&]) , B
Polintons EH EfI TR GEEIERSIMBERERMEIE (GEEE) £,

| B, EEFEFHAENETZIES,
8 A Fg LM TS EDNA S IR — A
Polinton 7t f, S B £ & 1K/ 2 1%
PolintonfiZ g — N EkIRIRZE# (] A-C)
#£%&, Polinton POLB (DNARATHEB
Kix) EHIZEAKIMNYPolinton (& D-F
)

>l

EEFIREISE, fEPolintoniiF= RS’
RimGEE— T ARumeE HTP (terminal
protein)

Polinton POLBRIN#400-Z 600 & E 4
I AT RE L R TP. XMW i&Polinton& Bk fE,
BEM (INT) o FE SN E/KHY
Polinton R imFH{EW EE S F| 75 £ B FH
? (& GFIH)ASEREE EE

— | —

Polinton H & IDNA B&-T- % e AR 7

. d .
. -
Y S
PETH N gy e—"

o T ——



DARLY oy 1913 REEREET

FRNAT FRVAZENAEEEXEN T, E_fAR%EFEHRE (refrovirues)
L EHRNAEEHHIDNARE DR 218 = MARI R e b m = E .

— & A2 MR BE T AR $2 SRR BRI SN —REMREX, HEBZ
RNAH BRI THERE . IX—RIEREFIRARIEEET (retroposons) FlR4%3RE%
EEF (retrotransposons) o

B RERmSAS (BHRBREEEH)

B 2 BesE BB AT LUR I RNASE SR IE 1 TH2 BERVF51 (DNAFFI)
RNA—cDNA—dsDNA—-E S L EADNAL (JRFRE/HIfwEprovirus)
DNA—RNA—cDNA—dsDNA—E & @ {h
(1) R¥ERREWETFSE (VIIp486,F16.1)

(2) R¥ERmEERENSEMSINEERER _(VIIp488, F16.3)

HANRERHFES3I—4) “BE" (HBRX)

gag: ( Group-specific antigenes ) nucloecapid gene #ZIKFEEHEEH

5k internal structural protein FE#ZLEBEHE

pol:  RNA—dependent DNA polymerase 4% FEgHEH

. envi “envelop glycoprofeins SMRIEEREE
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&té’l\%lﬂﬁﬁ_\ BEEE
EZmAS[X ([E16.5)
(RX: HEFEEHHNELFT], BNEEHM10—
80nt, cDNA(—) HYR3LZRPTwrZERY
{ PB* fatkcDNAS R BACIR L =, FRASIHIGEX
(primer binding region) AJ ’ﬁﬂﬂltRNAH’JS it R,
EEB4 (16—19ntE %)
\. UX: U5 80-100nt (B2—JF%l)

e 1

U3 £170—1260 (1350) nt, 2HREHIEENT
X B I 96 & BRI EDNA
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(1) mEEEAE (RNA) « fHELFEDNA. RIfEEDNA

e -

RNA &z 55 3% 5 AR DUEDNAH & 2 5 £ 4
FERYEEZE £, WHERrmaERYIKE 2L R 52 R AHY B ik
RNAZTFIK, XEREDNAST FFiumAk £ FEHER A :

LTR(Long terminal repeat)zt#: U3-R-U5

X2 R 3% R fmE DNAT B B4 B 2544

D F = A SIL 15

L —] IR B ATET f:u‘ TP HER

i 4 ]
- b

_\! e
'_.___.s..... -~ e N



] {:?“7-":9

fz

B Figure 16.5 Retroviral

* ANA ends in direct repeats

' (R), the free linear DNA

“ends in LTRs, and the

' provirus ends in LTRs that

- are shortened by two

" bases each. e

~1800 170-1260 10-80

LTR LTR

: B
4-6 bp repeat of target DNA

\_4-6 bp repeat of target DNA
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(2) RitTmEREEN S RLTRE TR
( F5.47)

BERERTRNAEAS IS S RI5I44%E 6= (PBS)
F— REZREFIZS P EHFERNAERD IHIEH, A RDNA:
B RUBFIR —RNase HFE#ZRNA-DNA R s FIRNA 3% —
R REBZDNASRNARZL3Z 751 Bk X 2 m B RNA 1Y 3 iim —
R EERERIE{RT(4), RNA-DNARIEN5EH RNase HB%Ef#
—RNAZR 5| %5 — 5 DNAS B —~DNASEIEH, RNAPEHE
—RNase H FEfi# tRNA—IBIEPBS FHIZL 3 F=4 58 )R Bk iR —
TR DNABI & X




sy REFRIREERE AN E T
(RNA—cDNA—dsDNA)K L TR AL

LI LS (THS] d2ag . pol . enu (3| B _[~[N)n 3'




2 ﬁui xF (4) | EEEETFHIS

i VHI%?%IR, ,\@ﬁﬁ%¢§r7ﬁﬁ
L 5% R [A]
¥

£, UEAESTRIMImE

" TnARL BEF X Ii——MRim 79 IR, P 4mADa EElE . RS ERANHLIE R

Ac-DsWEFZE % (EKF) BHE EEEF
- RET | PEF—BRBHQAETF, EMD XP o hEH RS

ot

=1 r REERFSE: RNA 9DNA - B A 75 4IDNA

N\
A

Ty N BKKRIHEEFT
(RHER{ RS {copia }{(2) AL B RS
b GE T LINS L1 (3) AEHEF

\

N\ . I

(3) THEF oo

[EE23ES
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13.2.1 #@AF%] IS (Insertion sequence)

MAFY R & R AEE AT

ISEME AR AR IEEEKERS, FIETRIRFSIEESE. E.coli
K12 chromosome B84 IS1. 5/IS2FIS3.

ISR HEMBNLL: % EEHH  (fransposition modules)

HEH8{4 (autonomous units)
RBEAEBS#ERENER, F*SAHEERLEANSGHER
CEMIEREE:  ~1000bp (768bp~1500bp)

Fif & H20-40bp IR (Inverted terminal repeat)Kifi & [E1E S 55
IRAIAVEEFF515-9bp, #EEfE, EHEEDNALFEFEEE.

ISHEFmANMEFEE LRI E WY, XEURTHEBANG R, ISE

FEATSHHEREEARNELWERE, BRENFTIASHEERELT
(transcriptional terminator) si/B&1F (promoter)

MG TR S SRR R AR P S -
(1) ISEPEI‘E‘EﬁZ%JJ:?E?, I:E’Jiﬁi fEJﬂZmRNAE’Ji’s’%E’J?&J:

YV V V V




& Ak 4

YWwunan uUunivg

123456789 _ 987654321
123456789 987654321
R W A K]

TACGT

5 & DNA BEAT A 5 DNA

mEE REES RRES WmEL
F5l R WRENT  Temi™ e

s ATGCA 123456789 _ 987654321 ATGCA mmmm
s TACGT 123456789 987654321 TACGT mmm

fiN WEH REEE .
FRl Rl pal FERTRKE

151 9bp 23 bp 768 bp

152 5bp 41 bp 1327 bp
154 11~13bp 18 bp 1428 bp
1S5 4bp 16 bp 1195bp
ISIOR  9bp 22 bp 1329 bp
IS50R  9bp 9bp 1531 bp
15903  9bp 18 bp 1057 bp

K13—7 ISEHERE
ISKIR K R MEEFFHIN bp, FF1~ I-WEFF

BEAT IR
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(2)

o !k
gEe THER /g wg

GAC Gro
Ay, TG
cCqCt 464 2 Gq,

G 4
G Ceq

: g
TN '-'-.__
.

JEH. DNA

E13—8 MIFZERIAIFZRL
ISR AT ME MRS G ( a) KREBFERE (b)) , X2
JRRIDNA , NERZ /SHYRR[E] %, FRYERSr = /SHYIR
HKIFENFS (IS-like element)

2+ ISI0R., ISH50RFIIS903, EfilHIZa+aFISHHIA, 18
PRIAUFE. MEFAEERETREREN
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13.2.2 *%ZRET

(1) E&6%ET (composite transposons)
4549 LEISKSE, BRHEEE+HEEEE AMERE)
P EINE &5 EF R FRIE AN E]
&5 FEF P um A2 BT SFA KT SLA Y
“Pim BAIFRA “Arms”,  “Arms"FILARRIAER. WAILLZR 5 [EIHY.
—f%, S—NEGEEEFRMEGNER, 2R EAEZRERES
—MAHEIINEE (Tnl0H, ISI10R)
HFRFE SRR — P EEs D2 PO XS H IR SREE . — P IS1045
el g A L EEFE R, H ALK TnlONBInES— P HEX.
1BXf Tetr AU AT E TN104ERFfE—ikE, FEMLAEERFRNZHEHT, TR Tnl0RAEEE
59125 A] AH SR o
LSTT 4 At H A% e HY 75 14 S TR 5l — 2R EB AL AR A4S FE T HYoRume. =

L — L - —- )m—
sE==H s ARl

o) N
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(2) TnA BEETERK

ThASEEIE L MEEMNEET, EPTn3FTnl000 (UFIMYS) SERE
MLEME S B Ak—— Bkb, FA SIS, BERiKB38bpAAMIR

BRI EEMESEER, SmAMER

r IR(Inverted repeat): 38 bp
IHEETT Transposase-—- TnpA gene— 4% 2l
. Resolvase--- TnpR(B) gene — {ﬁ@%ﬂﬁ } I aE
. ampR---B-Lactamase gene BERGEVENS

(B-PI Bl R

TnAREFIEEDNAL S, HEERAEM (BlgECEEAR~ETnpAK[E]
REZRETRRE) , XRARTIS— B RETIZR.

TnpREWNEIER —=2IEAEEFREMEIEER; 5—MEARESEEIINEE.
TnpREZ, FHESHIZE 1, BT TnpREIE T TnpATIE B SEFEAIFER; TnpR
EH%E, TnpAERK 1 SR 4 RAA Tnp A%% FEfig HY 2 = 2 4% FEHY R

al

e e T \-4--..4‘

i e
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TnpAFITnpREFH 2 Bl E— 1 E 2 A-THIRBBINZNITHIX . TnpREYFFH I EE
Tl T F Itk X B4 & SR SEINAY .
Res: The site of resolution
BERFY (res) ERRHFKRAS, RETnAREFBX—HLS.
TnpRIZEBBHEESPUEB=ZANEEMS, BTIKA30—40bp, FEESE
MILEIRITI ML S .
=DNEEMNS [ II. Il EBFFIEEMSE
fm 1: resiEMi BFETnpARRREIRIGS
L 11 : ThpR¥ZRAEVACHR =
BMER—MIEEMRN, EEEHRMBEAZKREENHEA
OBIZEAENE : BT EMAIZES, DNATEresiim A0 .
g\)ﬁ@%ﬁﬁﬁresﬁ,ﬁtﬂ%—ﬁ\%ﬂﬂ’ﬂIEIﬁZ, FEMRENEE, D wmSRERLNLE

(=]

!

5 TTATAA 3 5 TTAT protein-AA 3’

!
AA A




(a) 55T T Tnl0
isoL (tef PUFF 2 H i SL )

(b) & L HE 7

AR EHEEDH
B 13 -9 H S5 41 S50 05 ET A5 (5] B Grffiths 28,2012)
(a) §&EF W T, S5 EREE IS0 LI EF HEATE R (R ISIOL A8 EREEEHE)
(b) RS T, Ted B 5 IR, Tl FE0ER 09 A C A R, SEE RN g B L E WOy R =k

F13-1 Tn B$HE

Fi [ e T [ DNA AR
PR T Pt bRiC gy | TERIEN i1 DNA I
rRr AR A R bp B A bp
Tnl  Tn2 Tn3 HBHYEESE 4975 38 5
Tnd AVYHEE B5E mh 205 000 i 4 Tn3
Tns SEF S 5 400 870 O Tn5 [ i— R i
AR 1SS0 Fie M 7 15 FR R )
Tnts FHiEE 4200
Tn7 =“HEY EHMEIE BEE 14 000
Tn9 AEE 2 638 1823 O( Tn9 [ fi #0264
A IST)
Tnl0 PUFR % 9 300 17,23 O( TndO [1) 5 —SEER MR

(6] ¥ R (1 A AL 3] IS TO)
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13.2.3  GEEEREEA

19634 Taylor %IMu-phage (Mutator phage)

MulsEEA R — ARG E AF ERRFEEAE, DUSBEKS
BEKAMERARZEEITEE, BN EXBEERISHMTn—HA LIEREEE
(E4B EREHEITAERE . B MUl B 4 B AR AR B (A FnaE BE X RO U E 45
T

Mu-phage: —F#IDNAEE{A, 38000bp Z:1ADNA, iﬁ?_’%ﬂ”"%ﬂs
%u '{kll_: zs*ﬁl_‘lﬁljg. F— Mu- DNATEXEE&“EEF_@J
MEERET AR .

HESEENNEN, ETRIRinFIIHNZL
e MinEiEE— ER%IDNA Z_l:.lﬁ'ﬁlOObp £ i%1500bp




AT .
(D BREEIE: BAFTENEEIBA, EHREESHIEIEDbp
(2) HEEIK: FHRMu-DNALTRREHIIBEAZT EDNA, 8E1EA
R HERA RS LA
MurtYEHIBE NFIERAERERE TR ZEVITE R, MuBEFIREIZEE
, EHlRERHERFEEFHN—MER.
Mu-phagel) 5 —4E 145 = -
aX: EBFEIEA. BEREFKZHER
AM3KbAIGXFF: &Sv. U, UFISVANEE
pIX: é\gm%fﬂi/l\%
HERRFGXFHNARERSH T ARINF T4 :
G (+) — SVRIUERRIX — WHMIE.coli KI2EHx
G (—) — SVFIUERFRIE — E.coli CEItE




£ E (b) B, AJZEHIX5SciBE, malmE (c) B, —PAE
FIRI B XSVIEZME, E1 2R R gink E %3 =Y B4E (L i
(invertase) GInEBXRELR, ZEBXGHFFIRinHI34bpk EIEE F
HE{EA




& X2
O AR . mEERRBTHLS

AL EE AT A =MRE R AR ET -
REBRIE. LINESFIIEREBRIE

Mammalian genomes have three types of retroposons

Viral Superfamily LINES Nonviral Superfamily
Common ’[ypes Ty (8 CereVI'Sfa’E) L1 (human) SINES (mammals)

copia (D. melanogaster) B1, B2 ID, B4 Pseudogenes

(mouse) of pol Il transcripts

Termini Long terminal repeats No repeats No repeats
Target repeats 4-6 bp 7-21 bp 7-21 bp
Enzyme Reverse transcriptase = Reverse transcriptase None (or none coding
activities and/or integrase /endonuclease for transposon products)
Organization ~ May contain introns 1or2 No introns

(removed in uninterrupted

subgenomic mRNA) ORFs

Ovirtualtext www.ergito.com

Figure 17.16 Reoposons can be divided mto the viral superfanmlies that are retrovims-like or LINES
and the nonviral superfamilies that do not have coding functions.
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LTR gag pol env LTR

CR i —— R

e ¥ e i3

LTR  gag pol LTR

0 T S 4w

poly(A)
pol

£7 6 kb
#E 5| LINE

poly(A)

(d) _‘:i_ #7103 kb

HE 3 SINE

FE 13 -6 4 F iz i S i e R 25 8 [
RS E (a) IR FHE () B FERAREERFER,HT
LTR —2, A HFHEMS e E QRN (env) . LINE(c)
SINE(d) g4k LTR i 56 1, E 1 3 5t poly (A) X




@%i*
s e 133 B AZAE MR L

13. 3.1 E2RFEFELE P RVEEEEF
EESPMREBEIGEENGEETFE Ty (transposon yeast, Ty)

&5,

—RRICE 29795900 bp, AinE 2B —MIERKKRINEEFS (
LTR) , LTREYIKE 1340 bp. SEFARAH70%HATHR, B—10F
THE BB —ERWEEERAIRFS [[E13-12 (@) ] .

[ I~

%

TyHAEANERREHKG, ZELHREI5 bpIDR. HIMHT TyLlA
&, 3ADR, FRLAtL AR RELE XMW THETEHIEHTIER AR/ ER
, BER—10, MBEESFRIOFRASolo §, XATEZEHMANRELNRE
IEE, MATATLAEE XS Solo S/Y 73 #fr s s itk Ab RN Tyl [[£113-
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—BRIA N Ty B T4 EERT,
& 52 LUEL DNA R & B — 1
FETIEIRNA, REHEET R
RAR—EHNTYI BF, 85
RS Tyl S5 R T BB
Bt E (E13-13) .

BT S— A A SN
NETYIET, FREEAHT
R BRI Ty A Fth s+ &
B, TS HE RIS L,
SR BT R,

SHEE e

O @ -
-
T
1 1 9
'q."‘

Tyd 3 1B HE

o 0

SRR

F

l Tl HR™MERNA

v/ RNA s /"'

it B B E GRS
R RNA R &
S DNA

MIDNA NN T

DNA ffi A 35,
1A R Ty 1 B 3T
¥ I

NN

13 EEEE Tl BUREHEC S| Soustad 258,2003)




| 5”“'? 13.3.2 RigEE B pyiEE
P &EF

1977%  M.GKidwellFRiE:
D.melanogasterstiemRiFHITHRZ ~F,%

66 2L~ 2H
7

HEPE A

EEEHRNAESEMWAEEX:
£—&Y% I(inducer)d! R(
% IR 3 XRELR —F,BMMRE (B
BRG RO RAEFHER

PRI (R ZATTRKEY Paternal contributing)
MZ! (BT8R Maternal contributing)
P$ XM 38 —FIEE—F,E%
M ¥ X P & —F, Hybrid appears normal but is sterile(No progeny)
IRARZFEE BASTIRE, B Poye X Menge XX MIES, BERIZNEES




& Aikrd
TETBEEEEMA (germ cells) BHEH
HEP—MEGHRRERT (F) HERALIEE, BEEEREFALXE.
B F & B hRIFSERE (Morphological defect) M FhZR 4HAE 5> S4BT 1R
'EE_ Pmale>< Mfamale Fl dysgenSiS

FELBFOTNEP: EERPHEREAEFHNE MK BBSHT
5, PIERRAREPET, SEFSTELREHIE. MERIBLEE FHTP
ET.

AR F S A BIF, P w(white) B ERTHIDNAYEEIFRAR :
FrERRTE# = TONAR EIfftwii = Fr 5|,
HIRENBIDNAFFFR AP element
D& PRFEKE LT, K3 ERIE, Aina3lbpkEIEERFS,
SRR N S~ E8bpHIREIES .
B KHIPET2.9kb 45l #1EE: ORFO. ORF1. ORF2. ORF3

RANPET: PBRRABE, A EFEBOREN, ENERTE
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PRE: mﬁ30—501ﬁ?%J'_'EI’JPI¥ RKAN1/3-EKH,
PEFR2PmAERFLERIEM/ 5T (inert component) |,
& pifEta S MR AT ECRY, BB MEEEE,
PEFRIBUERERET—M: BNLETEEEMEF, BEEPEFHEEE
“H BRI AN L AR P BB BEAR AT 3R
PAE—MAEXBEMNEEELRNEN—MTL,
RIMEANER AR FAANE.
Qp B FZRE Y JE T L]

PEF: 41M9NEF, 3ITHEF. AT, XFR2TAS FEEY
=% ORFO-ORF1-ORF24w#5[X —~66kDa protein *?F?@/%Q/EE’JBHL%
SCIGUERA: E=TAE FHYVIREEEEREZN. E=1HNE T
PRANORF 3 HH AL RIZAE, X2—DRFEHVEAIEIER. XR
EPEFRERAUEFIFEITILEE
T AARELNTFRR? AERPEE—MER, EAEEINE TS
fIFF5I_E, PELET ORF3RIES1E, FEEEMEAPHZXNER, FELATLIS#E
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ﬂJTE1T$ﬁ:J:7J<3_‘EH,‘]'I‘$%|JH,‘]Erﬂ, R RAPE FRIMHEE.
UPR R SRk ——4HREEY (cytotype) :FRINA—FHATIE & B4 RE BRI 3k

44 R T
%P EF PYE AR
HIPET MR !

HRNBY N B 7 FRRRE (p 262 [El11—-15) (GVIIp481 F15.27)
HUR T 66kDaE BN FERYRES], XA EHBREINHBREF~ERY
Op 4f fah:  66kDaFEH. BHARET
HEPmAEP: FREAO66KDaEARTILFEREN LS . BFRAEPIEMEPEM R
forh, ZERANGFEBME L FEEERY S Rk, R IEAE BEEERYAUE
AEMBERE T AR A EFERIEER (FARBPAT) , MR
R AR5 ERIPE TS E I HR B A AR DS
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RABR S EETIRT P T oy
. . ™
shEHcopia, 412, 279, Tip )
. FBZ., BiINEHRERT RARRFS
" B KR AT
E.y 1ﬂﬁﬁﬁgﬂﬁ&rﬂﬁigﬁﬁu ( f’ 500~5 000 bp
1315 . P - -

30 £ Il
5 W) B H A
2900 bp
> <
0~50 {345 N

13 - 15 it 3 B I T4
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Vwuhan university

13.3.3 -

(1) Ac-Ds &%

4D

A

ZH -

THYEZE

it

Ac-DsF% (Ac—Ds)
McClintock 1940-19504F
I EARFBITER TS HREN R

“Breakage-fusion-bridge Cycle"

HaRFh—~ &3

ERFRARMM E LRI ERSHEAURmAR
IChr MEXRBELEMA, BIREHRBIFERELE
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wunan wuniversity

EIChr ZEWTHM L EFRAMEE (Dissociation) EE{L— fEFRDsEE(L
DsEEL—~#ahB Z— MU E R EBFEFINME £ & FRTE
DsEELAY X M FE B ——4L EE

DsPEi——4%FE[EF transposable element

McClintockigtti, DsEFEREAMEBSHEEMEEEREANS
—MiIE EBEZANREFFE, EDsEFENK, KEZANEFRA
actiatorBlAcEF. AcEFARSEEBILRE, (BENEEREALERR, R
EEMN &N ERIRAAC-Ds HWEF H 45
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W3S 2 B o] — LA A 55 TR T AR SR AT B3 AR A2

(1) BEm5 (Autonomous element) :

BEZFEB BN (exicise) FAiEREHE
F 97, l:?'EﬂLL'J—"'H’J?ﬂ?)\%KTIJLBZ—/\T%gEE’J_JZ_I =00
(mutable) F{rE
—/\EFEEI’\J%KL% AT — MR ERFALERE

=P

AEZH/BREMENE

X, BERTBEHTER, HEIEER IR

(2) EEBERS (Nonautonomous element ) :
EeRER, E—RERATENHIEathiZEREHEENT

£, RE3E

B, BM1ASZTED

X

]

2HH

HEME FEE— M HEREHEN—1 B E/ 7D

ARE. HE—1MNEERSTIRERREMET, JE

BERDRUESH EEBMU\?I‘EE%,’%EI’\J AEMEIRTS, BIhRETsEEREEE|—
AfFﬁEl’JLLEJ:% E(3 E i)ﬂiﬁé'&%%’}ﬁéﬁﬁ = E’Jii’WIEﬁJ L geE

N
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unan university

Ac- DSEI’J vl t=U K

HFPrE
Ac element: 4563bp » 3500base mRNA (807#%#5F)
SINE FHIR B —EF — L REfE

Acim & B 111 bpAIIR. AN SHEFEFS=E8bpHEE .

Ds element: KEfMFF EEHBLTK, BEESACHEX:

imtEEIRY11bpAVIR, EfiltbAckE, REAEDsETFEACETF
ORI F R

RIS (E DR KAE BE R EDE M ~ KX B B2 FERYRE
AcFIDsHY 53 F 45 a1 AR -

BT AcE FRERIE: BEEE X DsE FREB#MEM, FE15DsE
TR, EARTDsRinHIR RAZEEINFEFE, HREHMAC
&RV FEEB PR 3l o

L—"IE*E’JAC..?F%F;E}A_ALL55?@@]% ALL”—"IHT J_ SRAL

— 4] RIA |5 AN Bh {2 BB > i == NlAnren

mechanism.



& Ait+r 4

Wuhan University

Ds A—MEMFINRER AT B E T, REFSYIEIFXRAIRA!

5, RZ S B XRIITNEE, BTIAEE

— ™
TAGGGATGAAA

ATCCCTACTTT

‘TAGGGATGAAA
ATCCCTACTTT

N
Ds—a P45 149 bp G5

¢

LR, BZAEEREFE

4 $ FE LS,
| I
] | S
e

TTTCATCCCTG
AAAGTAGGGAC

———=f

e

Ds—b W47 2522 bp Bk

-
Wk

"TAGGGATGAAA "TTTCATCCCTG

ATCCCTACTTT AAAGTAGGGAC
Ds—c Ds—c 1 105 bp & #it
" .

‘"TAGGGATGAAA TTTCATCCCTG
ATCCCTACTTT AAAGTAGGGAC

13 -16  FKRPAYILA Ds — Ae F5¢

|

TTTCATCCCTG
AAAGTAGGGAC
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wunan University

13.3. 4

EAIE E IS T AR
EEFTINAS, . PR ETRR SN, KLHET

K

~

57 RARREL (

SRR

LINE

SINE IF B ¥

F LN

REFEFIRERE HAERHE
BT TP

E[ =B 2N

EER=3:3
DNA ¥ i
TF7
e[S SEst =00

A

ARE

Az

X

13— 17)

o

ORF1 ORF2(po

AAA

THYFZ R

2B50% L £, H

%
REEEE T

115~

850 000 21%

100~300 bp 1 500 000 13%

6~11 kb
} 450 000
1.5~3 kb

2~3 kb
300 000

80~3 000 bp }

-
-




Ak F
LINE(long interspersed element): <& T, 2AL1, 2ME—EA
RFNRPEEBFMERN—I 5 K6 500 bp, & ORFI5ORF2EA
RIEHE. LIZEMEZELshEFEE a9 DI el 25+ A 14

SINE (short interspersed element): 8887 TH, GRAluTTHE K
7100~ 300 bpz 18], BIEEFiHET, HImSLIARIEME, HEit
REMRSEL L1 TEERE,

Alu family: KRERKZA300 bppIHEEEFS, T ZnHAEIEE
SEDNAFFIZ 8. ARGIMEATIEEAIUL, TEETIEIR—MT70 bpFEX
, #—1130 bp/ e, WHAARXE—RKEMMERBUNEERFS. Alu
RIEBZIRR, DENHE3I0A~ HB0A1, K4FHE6 KbDNAF
Fhm ALY, HSARERAMNI%. ~ 6% . E/IRPSAIUFFIFEEF
FIFRAB 157%, KE 130 bp. ZEFECRFPN#IRAAIUFERZKRIE (

Alu—equivalent family) , ZZKixktEETHMFEILNIRIEEES.
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Vwuhan wniversity

13. 4 ¥ RE{ER Y77 FHLE

13.4. 1 DNAﬁ?EEHL%I]

(1) EHIBIZERE (L4 13.1. 289 ppt)

1979 Shapio Tn3%%Z FEi&RAY .

@ ¥1FF (cutting) : Tn3iEREEGIRRIZ K

AL ERYER (target) FFILAK B & FILHY

REIEERFY, HUIF.

@ #E#Z (rejoining) : HIAMZIRES

AFELR (cointegrate)

@ Ei#l: HDNAZREgFEEEESM, &

ISFRFMDR, —MH5~11 bp.

@ F=4H: ERRBENALS (resolvation sits,

res) FFEMRIFHITESH, EREKESTEF

BEER Y, — D RIEXRSBERETHFS,
A BTN T R REFRIFES.
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& s S (2) A BRI P

JEES I BUATEE [ s N

Ho B IR 2 U ZLA & © S
R NFERFSIE V4 ey

#, RAERNSL | B T S— =~
Pt Rimp= kP O \ ,

4 &% (reunion)

ooy () Ca2
SR, PR RGILEX - - IW
17-|§o E'EE%IJZH?EEEE S—&BEETIO ZREECHE AT O @

[ ZESEDNA £ =4 <(§ E)’ (z( )E) : EC lﬁﬁ)\%ﬁ'ﬂﬁm;

SR, REET A

FraE WMk, 5T B BRI Tn SHEG SR A @
4 T R4 (C )) (CD) | Bl
RRE R e e B

el 13 — 19 AE%E il 28 % e HIL il
(b) FHth Ae - Ds £ BRI R 2] @ Griffiths %5 ,2012)

(a) Tnl0 dEE FIREEHE (i B Lewin,2011)
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13. 4.2 |55 545 B FHORE BEHL 4

(1) REFRmEHEEEEHLE
(58 13.1.3 REERALETRBITppt)
(2) Tyl /copiask [ 4% 5755 BT RUA% BEAL

Tyl Ficopia®ElFEH B R 45 REZREF, HHRNANTF
wEE, ARXXRERTFAHTROREEINTEENER (
env) FIA A EFBRFRETN, BI1REEMBRASEE, IF
A[3 R ERNA, EHEFEH P HRE R REBRIER (
pol) , FRIABERF ERIRNARAER AcDNA, HEAXRIUREER
mECODNARESHHIEARIEEERFES.
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Vwuhan wniversity

FHG Iy -1

ITE Jrgid ‘ FAR— 5

{ESHrmE sh
{EHBEIMANET

REhT AEF

I

% 5 (T P 7 B A0S
AT i, THE R AT

113 =25 Ty 2 RNA 4755 B RIEH] 113 -26 Ty H I i 2 R
({iiH Lewin,2011) (BB ) (8| B Lewin,2011)
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13.5 HERFHIREFEINLEN
13.5.1  3lEREAEHTE

@

H H
-EEEEZ@ZEE- PSRRI

‘ IE B R XA ’&WEEEEEN

= %

Eéﬂ DNA E£%

P22

K13-4 ¥ TSR R EAEDNAGRK (a) Bif#lfiz (b)




AT
1352 BREERRESEIIETRS
HEBETBABRENERPEESBIZERLE, EREFALT, BALS
HERAREBIEEHER, AR EFHIBAFIIREERENF RS IZMmH
pRiE, BEBASMERMNRIEEMHMR, IMHMRTAZRHEE (leaky
mutation) . HMERME—LZRERRIENRE. XXEEMRAZRER (
leaky gene) , NFRITMFMEE ( hypomorph) , Bl—FfhzRTEFESHEFER
BRI, 1BRERES.
=G A B — R REEIR A M B S B R A A BiE i ER, ME(1ZE
HIDNAK TS 5 T EEEAMEZE. MRENZEIHDNAFEEHET, W
IZINBFEEIE, HAURBAZT—EEZzH ., XFHEERAMEFRER ( exon
shuffling) . ETIBINEFRYR, HIREE—1PESJ/LNMERNE TN EFER “EhE
7 ARHEHHITER. XBEEMREREEMERFEK S HMENREZ— (B
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Vwuhan wniversity

K E L FE
VA s R A RS TR AT LT

HE 4 —r———— e e—

N Tl | ﬁ§%2| SN 3

TER PR T U E
HR B EWAIET
—— m—

T2 pYFE PYTED
/\

e

-5y 4
HF B ——— - = LK B
AP 1 AR T2 T )

E13—27 XEEREEREIAREREBEARIINE FIR 4
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YWunan Universl

ﬂ353 BT E

D> SI0RH

' 36 MFL RS

Sosloplop’ey’
T

£|13—28 HEEFADBEEEFEFRIE

IS10RF ¥R E 22 bpHIREIEEFS. 7£E
AN REEE FSAMERA 5 EE R
)-E‘-llij]%y ;H\:EPPOUTIEEyl\rEH-E‘-Ilij]% T:_:ﬁlé /ﬁ@[‘
T TN ih5ATEEDNA FRRYEE. PINZAEIZE 5]
T, EMZIEH36 bpEE

RIS

EETFRRT 2 BRI,
BT SERBET,
teE (R HE E AL FIE .
NTn104MEAY ISTORLFE—
B EFEANE| R TEREK T B o)
FMAgEFRIER ar gEEL EIRY
5/ umbt, LER{ETEM
wﬁ%ﬂi%%%,ﬁﬁﬁ
553 #rE<EA, EXRims
MNMhEEENT, XFIREE
BCRIIMARERFENIRE
(E13—28)
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unan University

£ 5ETEENFIABE R RIS
EREBMFRA, %REFLFEETHEEYNERSAS, 215F%
BEEERANEERARIPD
gl A BEE. MR, Y UARBEERAF
SRIEE] 48.48%. 48.79%. 41.73%. 47.98% F1 43.10%
mEEY S, EEAREYMEREESHZ50%~80%8ItL 6], FE
KEFAPLLEFEKR, AEH2I80%. HEENEETFTHREOTEIRN, X
AR VIRRANI BT EERIAMSFIKR /N, WERBIFR
KiEE. EEESEHMAYIEEEEZN.,
B R R EF A LUB T 4B RNA IR E E R Rk, BLE

1L R N A B =0V |8l 3£ IAA T




N

JEB EHTE JEEH EMTE
RAESEFF] FERAEZFS
— — —

[ e [ =

e S e TEFEABIFE ARG ERE G
m:) 5 e R . 3

liﬁﬁ'\zmiRNAi&% l ik = Jia ) OEC S

iR* TEF¥ 5 -& 3+ Bl 9 55 F¥ 51
m 5 I e s s I I 3

¥ 5% )5

%13-32 HHYIHTEs®E A 2ImiRNAR) 28 (5l HLL %, 2011)




11.5.4 FHEFHNTR
T 4Z BER N 2 AT e L INETAVE R, WETniEw R
A ERE, EREREAUER R TERNHEARE, FEiE
it VA=l s wb Y et W11 O 7115 P - S PS8
TR EEMIGIN T FIRFSINE S, WISELAIfmAHE
REFNAELE, NAHHRABRRLF.
AEREFAT, BmABIRADERE AL RS TR RE
KA, BEFRFEZIETZSDNAGS FRIREWIER (
methylation) Bx.
% BE-DNAFFHIRY R B AN NS NmEE BE 1 B SR FRIE,
m BT s im 4R £ E L 2 I H R IEEZ KL

u“'—"" - ey e e s = it Ere —_—_— S
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KERIEIRZE

P RAE BT R G B RN E

R 2N TREBRARZR
AINGEMEZFEZ—. Fitt, FIREETREMEKFE.
Er—MFEEERFZR. SREEERIEE

ZE, EMRAMEE

REMENSE. B, ARG REETA/DEED
RRIADER F KOS, IKFEAERE Foas ke ; FIFREET

Mutator (Mu)
BB 2R T R4 S

LA R ERBYERE A P 5 EEE LSS5 INEE

ERRTNF, FRIAMBZETFHAEMERSMRE

E

KERXAFRRZIER T MudL BEFHIRBI NS TR, f5lan
' \Y% >
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13.5.5 sEEFARICENERE

#EEFHr% ( transposon tagging) 733545 BTN XEEAEAREFEH
hitRE, LR ANHEEYNERAS. BEENEREFH/ANIENE
FELE, NMBRMIFF~ERBERETIR. RAEHE— IR TREK
RIEEHDNAY E, AERErIEE EEF1E Ak st N EE B imik xS &
HEbE, PESIENNTERNER, XMEEEFIRERESR.,
R EFRARANENERMURE, ETXZERNRAETE. B
THRARIDNAFFIHES T AAtE BER M E—EEMNFIIFE,
EILEDNAFREAN (FEEEFHEN) RLEDHERERRAR, XAMDONAFRZEE

(DNA-tagging) (¥5EEF#RrZA transposon tagging)

R Iz R = -
@O FERZ—HEBRRIERET
@ PR ETURNEETBMEE, &NITESHEEITIRCIEARE
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13.5.6 {EREE] ?:E’J*mt
F FHPE-FAE ALK, iy
RSN IR E F3E % 2 R R AL AG %MQ
ﬁ‘q:l’%gﬂ;lﬂ@q:la Xq%*\%ﬁ??ﬁ /E‘DNAEQ%IE?%Z&"”
(K Y A
BR e AREEry " 7"
WEA EMER ARk
HPEF R, [R5 Ponsss

BEERPEFHIAHEBIR n SmERen)
REANry— SREBAEAG, '
FERAEHBKRPLINGEE
Hry*t / ry=FK, R
ZL3ZIERH, PEIFNSry ™

Rtk ryt #H

ERELS R AL i~
Ba Ay n@{zlxq: S ()
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v Incomplete P element -~
v vector 4
' ForeignDNA 7
\ Ao
1‘ \-\ 1
| \Q\ ;!
N
P element
termini

«- Complete P element --

% Transposase gene /

[ ;
v ;

P i
Termini

Mixture of two plasmids

)

N

1

B The plasmid mixture is

b microinjected into a ry - mutant
Drosophila embryo. Flies with
the ry~ mutation have brown
[rosy) eyes.

o In the embryo's germ line,
transposase from the complete
P element catalyzes excision
of the incomplete P element
from its plasmid.

Plasmid Plasmid
: &TEs STEs
8 Foreign DNA is inserted into © Acomplete Pelementis € The two plasmids are mixed
an incomplete P element in inserted into a different plasmid. in solution.
aplasmid. The insert also
contains an eye color gene (ry*)
as a marker. In flies, this gene
produces red eyes.
Chromosome -
in embryo b
/—\ \ Chromosome
,‘—\.—nM g ‘\\ q
Transposase U Transposase
ST1Ee <TEs

o The excised P element is
inserted into a chromosome
in the embryo’'s germ line.

Genetically transformed

. / fly
Yoo

{

0 The embryo becomes an adult.

Slée

€ When the adult fly reproduces,
the progeny are screened for
incorporation of the incomplete

“ P
éﬂsuit.;’
SlEs

o Genetically transformed
progeny, recognized by their
red eyes, are propagated.

P element with its ry* marker gene.

Figure 1 Genetic
transformation of
Dyosophila using P ele-
ment vectors. Foreign
DNA inserted between P
element termini is inte-
grated into the genome
through the action of a
transposase encoded by
the complete P element.
Flies with this DNA in
their genomes can be
propagated in laboratory
cultures,
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Figure 15.1 Overview:

transposons have inverted

terminal repeats and
generate direct repeats of 123456789
flanking DNA at the target 123456789

B 987654321
| 987654321

site. In this example, the
target is a 5 bp sequence.
The ends of the
transposon consist of
inverted repeats of 9 bp,
where the numbers 1

e (dcainn T
sequence of base pairs.  ENENASTUMERERGUSEGIER SR RSEe T
Host DNA Target site Host DNA

ATGCA 123456789 987654321 ATGCA [

B ACGT 123456789 987654321 TACGT

Target Inverted Transposon Inverted Target
repeat repeat repeat repeat
Overall length Target selection
IS1 9bp | 23bp | 768 bp % random
= ] 1S2 f 5bp | 41bp | 1327 bp hotspots
i [ IS4 | 11-13bp | 18bp 1428 bp ; AAAN, TTT
R f IS5 ' 4bp | 16bp 1195 bp hotspots
Pl e | 9bp | 22bp 1329 bp g NGCTNAGCN
ISS50R 9bp | 9bp | 1531 bp hotspots
1S903 9bp | 18bp | 1057 bp random

| X



a) Purple kernels

@ 1§ mE—— Normal C gene expressing

pigment product

b) Colorless kernels
Activates Ds
fi A< 050 A< e 6. 1K transposition Ds can transpose into C
BB =HEHE

7L

o

T 1 9 L
LRES T © WiHE D T Disrupted (mutant)
cgene

(G Of A

¢/ Spotted kernels
Activates Ds transposition out of C in
a few cells during kernel development

, 5
C 'Ds IR

@ D @ yyeramnnr LK :
- BRSHEAREX.S Reversion of HL s
B4 fimpn R-BAGKHEEN ¢ mutation to C
A s

£ (0, 8 0 #10
YR (K5I KY-CC)
@189 A Ds FERECHFGIRM RO, £ B o
N S A C BB R ER AR NFE

(A 05 TR,



a) Activator element (Ac)

Intron

b)

Ds9

Ds2d1

Ds2d? We%ffﬁ

Dsé6

Transcription

(Ds)




Transposon carrying
ampicillin (amp®)
resistance gene

&
& s
_Q i
> B
o B
o BN :
5 R plasmid
E B
(=] o
=
S ¥
'I:é %
2% sth
[.*]
o

D

Transposon carrying Transposon carrying
tetracycline (fet®) kanamycin (kn)
resistance gene resistance gene

"

i a =] I
Y -



; Riagian of
1S . " nsatton
5| ACAGTTCAG CTGAACTGT |3 |
3" TGTCAAGTC GACTTGACA| & f
R Insertion of IS element into IR
chromosomal DNA
Target site
[
| Cut
Chromosomal  ° " _TCGAT! =
DNA ) 'AGCTA :
KD ! b
Cut l
+ Inserted IS element ! 3
TCGAT ACAGTTCAG CTGAACTGT
3., TGTCAAGTC GACTTGACA AGCTA S
IR Gaps filled by DM IR
Host DA pah,rmerasei DNA ligase New DNA
5"" III'. _ B : 7 7 lll3I
TCGAT ACAGTTCAG c__IGAA_eTﬁT-?‘i%M-
.. #ﬁ&_‘{ﬁj GTCAAGTC GACTTGACA AGCTA -
Duplicated target site sequence

... c I' bty f-llll 3 ST ApuencE of aucteories o the teemient DNA o2




Transposon, Thn3
A

'
| < 4957 bp -

1 Transpnsase Resolvase pB-lactamase
pft inverted Right inverted
peat (38 bp) repeat (38 bp)

B

TSR

“"TITTARLT TECGﬁ&I’ﬁ?ChAGCGCAGEC

Host DNA RN Target si
. AAATAAAAGGCTTAAGG T TCGCGTCRE... ' oet Site

“TTTATTTTCCGAATTEGGGGTCTGACGCTCAG.... CTGAGCGTCAGACCCCARTTECAAGCGCAGCC 3" Tn3ends at
R . junction with
target DNA

.AAATAAAAGGCTTAAGCCCCAGACTGCGAGTC.,, .GACTCGCAGTCTGGGGTTAAGGTTCGCGTCGG...5
Portion of left Portion of right
inverted repeat of Tn3 inverted repeat of Tn3




{b) Genes in retroviral DNA and viral retrotransposons
Retroviral DNA
. 2 gag pol int env

Ty 912 (yeast) Yeast

LTR | TR

gag int.  fenv  pol | | chromosome

Copia (Drosophila)

gag int Penv  pol . qubal:ll'nentnspecific

re 21-32 A comparison of the genes of integrated retrovirus
and the yeast Ty elements and Drosophila copia elements. The

Crossover

The Ty-transposable element of yeast. ORF = open reading
frame. LTR = long terminal repeat, called “delta.”

Yeast Ty element

'd s N
5900 bp
Long terminal Long terminal Excised
repeat (delta) repeat (delta) XCISE Chromosome
Enhancer element | Ty segment
PNA o | s e B with one
S " ey - D 5“:3123
ORF 1, TyA ORF 2, TyB unknown) Yeast chromosome
with one §

RNA &
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Transposase enzyme recognizes inverted
repeats and excises the transposon.
et =

Genomic DNA
at ariginal
insartion site

e D'

w5
-—

“—_ jnverted repeats (IR) —

Transposon

Transposmon of P elFrrlen'r to new Imahbr‘: T

.
"TTACGAAT @; TTACGAAT
3 LAATGCTTA P

gt

AATGCTTA

P element in original F element )
genomic position excised Excigion of P slement leaves

a gap at its original location
" TCAATGAT [0 ICAATGAT = _ 1 §
e A o ' i 3 —

P element

| Exonucleases widen the gap

Transposase w3

Repair of gap using a sister chromatid or homo- Repair of gap usin_g a homologo
logous chromosome containing a P element chromosome lacking a P element

5

Fr—l. .

—_
o |

" e e |
Transposon remains in original position Transposon no longer

at original position

T

LA
—




!S modules are rapéétéd 1

5
%

/ iF
L »
"uy

ISL=left

\ \\x\\ '\. R
) : ¥ =

ﬁ 0

L IS module has
rnverted repeats

' IS module has
anerted repeats

Am L

Central Region

Example

Tn9 151 cam

both functional

IS modules are inverted \
S e

lransposon Left end

Markers Right end
Tn903 1IS903 kan" both IS ends functinnal%
Tn10 IS10L tet" IS10R functional |
nonfunctional
| Tn5 IS50L kan"  IS50R functional

nonfunctional

. Figure 15.2 A composite transposon has a centrl
1S modules identical | '8JION CArTyYing markers (such as drug resistance)

- flanked by IS modules. The modules have short
inverted terminal repeats. If the modules themselves
are in inverted orientation (as drawn), the short
inverted terminal repeats at the ends of the transposon
are identical.




Figure 15.16 Transposons of the TnA family have
inverted terminal repeats, an internal res site, and three

known genes.
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Figure 15.4 The direct repeats of target DNA
flanking a transposon are generated by the

introduction of staggered cuts whose protruding ends - T . :
e s i i
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::;Eseattarget Figure 16.6 Replicative
| sita transposition creates a copy of the
transposon, which inserts at a
recipient site. The donor site
Transposon remains unchanged, so both donor
joined to and recipient have a copy of the
stngle-stranded transposon.
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Figure 16.7 Nonreplicative
transposition allows a transposon to
move as a physical entity from a
donor to a recipient site. This
leaves a break at the donor site,
which is lethal unless it can be
repaired.
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Figure 16.8 Conservative
transposition involves direct
movement with no loss of
nucleotide bonds; compare with
lambda integration and excision.
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Figure 15.22 Each controlling element family has
i::-cn?h autonomous and nanautor?nmous membgrs. Figure 15.23 The Ac element has two open reading
Autonomous elements are capable of transposition. frames; Ds elements have internal deletions.
Nonautonomous elements are deficient in transposition.
Pairs of autonomous and nonautonomous elements
can be classified in =4 families.
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trans-activation autonomous
alement
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independently

Transcription
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Ac (activator) D= (dissociation)
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En (enhancer) ! (inhibitor)

Dotted Unnamed

Mu (mutator) MNot known |
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Figure 15.24 Spm/En has two genes. inpA consists
of 11 exons that are transcribed into a spliced 2500
base mRNA. tnpB may consist of a 6000 base mRNA
containing ORF1 + ORF2.
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Figure 15.26 The P element has four exons. The

Figure 15.25 Hybrid dysgenesis is asymmetrical; it first three are spliced together in somatic expression;
is induced b}l’ P male x M female Crosses, but not b‘y‘ M all four are spliced together in germline expression.
male x P female crosses.
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Figure 15.27 Hybrid
dysgenesis is determined
by the interactions between
P elements in the genome
and 66 kD repressor in the

cytotype.
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Figure 16.1 Overview: the reproductive cycles of : : e
retroviruses and retroposons involve alternation of Figure 16.3 The ‘genes’ of the retrovirus are expressed as polyproteins that are processed into individual products.
reverse transcription from RNA to DNA with
transcription from DNA to RNA. Only retroviruses can
generate infectious particles. Retroposons are
confined to an intracellular cycle.
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Figure 5.47

Generation of LTRs during reverse
transcription LTRs consist of three
sequence elements: a short repeat
sequence (R) of about 20 nucleotides
that is present at both ends of the viral
RINA; a sequence unique to the 5 end
of viral RN A (U5); and a sequence

unique to the 3" end of viral RN A (U3).

Repeats of these sequences are gener-
ated during DNA synthesis as reverse
transcriptase jumps twice between the
ends of its template. Synthesis is initi-
ated using a tRIN A primer bound to a
primer-binding site (IPBS) adjacent to
US5 at the 5" end of the viral RN A. The
polymerase copies R, and the RN A
strand of the RN A-DINA hybrid is
then degraded by RNase H. The poly-
merase then jumps to the 3 end of the
viral RN A in order to synthesize a
complete DN A strand complementary
to the RN A template. The polymerase
jumps again during synthesis of the
second strand of DNA, which is also
initiated by a primer bound close to
the 5" end of its template. The result of
these jumps is the formation of LTRs
that contain U3-R-U5 sequences.

tRNA primer
Viral RNA

A 4

Reverse transcriptase extends
primer to 5’ end of RNA template

A 4

B3 R
RNase H degrades RNA strand
of RNA-DNA duplexes

o — |
Reverse transcriptase jumps via hybridization U3 R
of DNA to R sequence at 3’ end of RNA
* R U5
|
PBS U3 R

Reverse transcriptase extends primer
RNA—-DNA duplexes degraded
by RNase H

U3 R US

PBS

RNA fragment primes second strand DNA
synthesis

PBS

PBS

DNA strands extended
RNAs degraded

RNAse H
degrades tRNA




{‘! Figure 16.11 Ty elements terminate in short direct Figure 16.12 A unique Ty element, engineered to

repeats and are transcribed into two overlapping RNAs. contain an intron, transposes to give copies that lack
: : nces related the intron. The copies possess identical terminal
They have two reading frames, with seque repeats, generated from one of the termini of the

to the retroviral gag and pol/ genes. original Ty element.

Starting Ty element

T 23

One delta unit is marked

/ Base substitution I

T'\;

Promoter precedes element; intron is added
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< /’ v
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Figure 16.1<4 Three types of transposable
in D. melanogaster have different structures.
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