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13.1  RERTHEAIS 7K
13.11 HEETHLY

19144 Emerson iR EAXRE B ZHE(ER, £ M —FHIEERKE IR
KRS ZROERT-FFETREANE.. LLHAMEAITEH.

XN TSR RN REN, BMATRE? TR
19384 Rhoades F5 EXIFRIMHECRIBE, BTUEHHNEER

oELtk: AR aEE=12: 311, MEXBANEREFED. AR
EHA, FFHIER) =a,RMWALE;
A—ERHD, (R) REAFERS.

XEFRmANERBIANA A, did;, RERTET Aa; O,d1EFR,

MYV 541>
2\ NA'1 N A 7

-~
=R el (F13—

o W
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A A, didt

N GEAR
Dudt

XK

9/16 3/16 3/16 1/16

A, Dt A, ddt aaDt a,a,dtdt
| R

HE 5t HE

13 -1 ERIEBEEMARL AR
(a) PR RERE DR R RARMER (b)) BYHAN EAFR IR I mUR 0275 4 3
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BEAL2EZSHEZERTR? —Mel g e Aph £ 7T
EIE3RTTa, =& A, EXENNSEEZERESIMENEERT,

Rhoadesfla, a, D, (LB 4RI EEENSa, a, BIEKKNAZ

ERENERESSEHEN. SREEAPE M ISR EEgS
A5 H F RIS

a; ABEREZNAIRE REFMER BT, MixX FEF L EE R
AREMBRTAEDOEAENGFE. —BRERTLRE, EIHMERS
foE T ; BIDERRESIA, £F, XA, WRETHRZE. EMmoHIR
Z ESERAERIFIRE . Rhoades I 7 REAFKAIREM, mMHEXFHA
REMER A — MR EFEEH . BINARBRXMARE ERIEE
FHlH, tiERZSLERE
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19405 £1950F McClintock #t5R 7 EREANRE . BBUAH
BERLTFARENAXEREZEWHEEXR. MAIEHEREZ G
EHY, FIRIEECHIREFMAMFMFRERER "2 XMREAA

=—RRAVEERE AR, 2R T—iEH AR FER S 2.

a) Purple kernels

Normal C gene expressing
pigment product

b) Colorless kernels
Activates s
transposition Ds can transpose into C

Disrupted (mutant)
¢ gene

c) Spotted kernels
Activates Ds transposition out of C' in
a !ew cellq durlng kurnel development /‘

Revearsion of
¢ mutation to

GBI T g =

Normal C gene




(EVEGERE ¥ T It [ 7 ER
C Sh  Wx Ds

=y ye——
g3 B
1 i 1 I 2 >
o v ' A fc)

M1 E(sh)
85 i (wx)

i 2(0)

ERER BRI Ac B R ok 2ii(Sh)
! Ds At s 5 W),
Ds £
Al
S
W o T
c sh WX
[ —t t 1% =3

(b) A RRE

C-DsSh Wx

RBAFNRERES R R RRRS

cET—f——
¢ sh W ) o .
—Hr—f—c— > (o 45 ( breakage-fusion-bridge)
i .. *5
Ac 1&11‘%1)5’ .

M CHE A 8 .
;SE‘_,LI l . l —.D Initial breakage
Ds NS g [ B A
' . T  PROPHASE: Broken ends fuse
c B A
C Sh Wy ANAPHASE:
X oy Pole % —— c B._A A Be G — x Dicentric chromosom'e breaks
o — t when pulled to opposite poles
l pae TELOPHASE: Duplicated CBAA deficient
c sn WX
T ! (] B A A B C BC Chromosomes
—F ¥ =@ —_— S S

E13—2 D3 EES BRI~ A
(a) DsfTZHER—FRIRRBIFRIELLR

S5—RIIRMAREZE, B—REIRRE A -
Z DT LA BAHER R, 7EDsAhHTZL & s Comoaag LG

SRR EL R BTER, MERAE A AT
i ERettRER, PR TR
(b) DSHENCEEEITHALE; YAHE

DSMCEEYIERE, MITKHIAENS, M
CELBES BOA INEURT R4 EVUEBRG S BLRH
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RI|BAEIREFMMEEFARER, McClintock T1951FEH T “

%WI?”*%
X LR REEFEL AT LUB R B ABE), WAl LIENESREAE B BRER

—— N R ABkEREE (jumping gene)

XEREFLAREPXFRNERNLN, HEEBSEETHR T —
AZ. BEXIXIBFTRIRRHARZ RS EITITER

B | 20ttt 22 60X TacobFIMonod B FL#E #R N F 1= B Fn K EF 1518
A xRE, F5AlEShapiroE WEF LI T AIFZERIREEFiE (&
13-3) , X— MR D gal” W ) gal .
SR A IR \@// @):) e

IR J?}me/
gal I

/%):)ﬁ?ﬂ{
" KMy DNA 4 F#4

gal TR st wp - I R
13 -3 4} DNA FEE AR R E T




& Ak 4
w13 1.2 DNAFEE

BIRE 2 VA=A: bt PSR IR R L it

—MRA EEH R LDNAF ISR L X E (R %5 FE R 77 HY
ANTE R L IAVEE BEE FAc/DsFE RIAFT E P & ENAY 1S
&l 275 NDONAE J54% R, [AITM FR JIDNASS 2 ;

15~

FH—PRBIZ LIRNATT SHITREE, AR (F) FEE
F (retroposon) T 3LERELEEF (retrotransposon) o
B TITICDNASZRE, IRIESL BEALEY, DNARLEETW] 43 Jg i ffise Bl
SH|BIZEE (Replicative transposition)
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(1) EHl%E e
SR AR TR R IR P e B E . ERTHVAL R ERVES
B (R REL BT B — 1 Se B A2 DL
Bl: —EDUDNERA, ™MH— P EHREIEANFRALR.
IR EEEAE T, HREESEFETHYFE DI RIIEN .
S HIAE R I AL . SRR (R TR BT HIKim
fREEE X2 S HRvE DUEIER

TnAF —HEXBVEL FE T RIS B X B S HI5E BEH R T T .

B- R HlEe A
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(2) FEEHIBYLE R
: BEEEERTFAEA—1MIRSEE (Physical entity)

BEEFA—TMIEBEBZ—MIR (site) |, £
AR E T — TR TEER O .. SAHRIZE
M xS A EH R HIER, BAFIIME S
BEFTnlOK Tn5fE A LA EALHISE RE, (XZKEE
BERg

(Conservative transposition) : BHF—RKIFE
AR RESE M, AiZdEREE

FE [ ?}MMZM_L =7 B%,‘\\FTB?)&F}LL =,




%%%ﬁ% R — AL REAL, T3 — L3k REF ] g€
BEZFAMIREZE. N1S1F01S9035: K A EFIFIEEHI AR E
o MulEEEI A BE M L [E]RY P BAFE T AR FNE R P RY—H, T
BLUIEFEFAEENEINLENGIZEER, BILFFIEXELL

X eE1R3E,

DNADX ER Fo i LU A HLHI g TAE R, EAZ I E AT
ERERITIE. XLEDNAFFIRVES BEIE1E & E EIRRIRFS
<8, BAFEZERAERIREEPReAFERARNSS, R

X

IKHLT 42 BE X DNAE HI| . S5 PEERFNYT ERY /R F

T 5E Rk




DARE 1343 prREET
HRNAN SRR AZEEZEZEYIHR, ERRARERERSE (retrovirues)
LLERNAZE E2BRIDNARE DIFEN R 18 T4 PErYE & (R i A2 4 B9 .

— L B MR RY AR BT F R 32 SRim B RTR S —ARA R EX, FHiBE
RNAMR BRI TEERE, X—RERETIRARIEEET (retroposons) FRE%3K4%%
EEF (retrotransposons)

B RERRSAS (BHRRLEEH)

B E T BedR BE{B AT LUR T RNAGE SRIFI TR EERI TS (DNAFFID
RNA—cDNA—dsDNA—-ESif# L EADNAL (JRfRE/mIfREprovirus)
DNA—RNA—cDNA—dsDNA—-E &SIk
(1) REFRBENEFRE ( )

(2) R¥EFREEFENFHSINEERER

HAWRERHER3I—4) “EE” (GRHBX)
gag: ( Group-specific antigenes ) nucloecapid gene #ZAKFEERERE

5 internal structural protein wmE L EBEE
pol:  RNA—dependent DNA polymerase &i?iﬂﬁ%l

~ envi " envelopglycoproteins SMNRIEERE
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(R

< PB=

ERATIX ([E]16.5)

X: 795

t15EDNAS FRAVEE AL, FRASIMESR

|20 PR um HY 2

25,

1N

B8 B{10—

80nt, cDNA(—) BIREEFTAER

(primer binding region) AJ 5 & FitRNAHY 3 i
EH4 (16—19ntE4})
\. UX: U5 80-100nt (B2—JF%I))
U3 £170—1260 (1350) nt,
MIX BB H455 A BT mEDNA

2BENEIT,
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(1) mEEEE (RNA) | mEZ%EDNA. BIimEDNA
LEAR -
RNAR %% %% i RRE N iEDNAFE S 2 F £ 24
RERYEELE £, MiEprmsaIKEZEL REE R AR H 5
RNASFIC, XEWEDNAS T Mum A& £ EHF A :

LTR(Long terminal repeat)4i#d: U3-R-U5
X 2 2 4% 5% m 5 DNAT B BV 458 4644

|—‘—-\: /~ y—
L ’E —] pS = DJ\ QA# jl' = (.tl:

O

e, 0
el
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451'0(21-
‘1
= Figure 16.5 Retroviral
ANA ends in direct repeats

RNA form of virus

{R), the free linear DNA . =W i ;

ends in LTRs, and the Al o pol _
provirus ends in LTRs that 80-100 ~2000 ~2000  ~1800 170-1260 10-80
are shortened by two

bases each.

Linear DNA form of virus

250-1400 bp
Integrated DNA form of virus
U3 has lost 2 bp at left end US has lost 2 bp at right end \\
y 4 - \
Host Us R gag pol
g VO

4-6 bp repeat of target DNA | 4-6 bp repeat of target DNA /
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(2) RiEFmEEFANEH|RLTRAYFZK

ERERIERHTRNAEAS|IME &R 1¥%E e s (PBS)
F— REFREBFEIZ | YEHERNAENRD IR, & aDNA:
B USFIR —RNase HFE#ZRNA-DNA FIEN 5 RIRNATE—~
¥ REBZDNASRNARI AL 3 51k EX 2w ERNASER) 3 v —
5 KR {R5(4, RNA-DNAFIEN5E#RNase HFEf#
—RNAZRD 5| &5 _$EDNAS B~ DNASEZE{#H, RNAMERE
—RNase H [&fiZ tRNA—IBIIPBS F5IZ%3 Fo4 58 R Bk —
SERDNARI A B
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R R E A S

(RNA—cDNA—dsDNA)EL TREIFL
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DAY ) RESEmT XS

A AEREF A =M RBR R REE T
REHBRIE. LINESHIERSBRIE

Mammalian genomes have three types of retroposons

Viral Superfamily LINES Nonviral Superfamily
Common types Ty (S. cerevisiae) 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 Tor2 No introns

(removed in uninterrupted

subgenomic mRNA) ORFs

ovirtualtext www.ergitO,com

Figure 17.16 Retroposons can be divided into the viral superfamilies that are retrovirus-like or LINES
and the nonviral superfamilies that do not have coding functions.



Retrosons have reverse transcriptses |

Retro gag pol int  env
virus | o
Ty (Siya ] TyB
Copia ORF :
LTR LTR
LINES ORF1 ORF2
Homology with gag pol int

@virtualtext www.ergitO.com

Figure 17.17 Retroposons that
are closely related to retroviruses
have a similar organization, but
LINES share only the reverse
transcriptase activity.
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LTR gag pol env

(a) _—_:I:-_éﬁ 7kb
J i

LTR  gag pol LTR
&) S 0 = s
B 5% i1

poly(A)

gag? pol
© [Tl 4k

HHFF%] LINE

poly(A)

(d) _:i_ 25 0.3 kb

L5 /551 SINE

13 -6 4 Fft Sz % S 4% 1L R 454 st
Qﬂimmanuwﬁﬂwj(mfhﬂﬂﬁhmTﬁHWJﬂr
LTR —2E, B R H RS B 2N (env) . LINE(c) f0
SINE ( d)’ﬁﬂ%— LTR 25 % 55, M H £F 3 Sl poly (A) X
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B aéz;sﬁ B ,
% | gsarET ﬁﬁmmﬁiwmﬁ,ﬂ%ﬂﬁﬁ%%%ﬁ

" TnASL BE 2R I——MBim /9 IR, FI4mADEE el . ARRSEE A 1445

Ac-DsMEFELE (EHeh) HE— MEETF
- BET \pEF—RBHQAET, NS XP3 hEHAMIE

A r REFFHSE:  RNA SDNA - EEATEEHIDNA

Ty () BRKRHEEFT
&¢§%< Ak {Copia } {(2) PRiD A R E S
E?FJ@% LINS L1 (3) AEASF

\ »
 Aly
[58~3ES

‘ -
R4 R :
——r——y

&) %Wﬁ;\% o

———
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13.21 #AFF35] IS (Insertion sequence)

>l

?E’ﬁ)\F ﬁll%ﬂaﬁﬁﬁﬁ?r’éﬁ I?

] 4 ; Al F{TRIRFSIEREL . £ coli
K12 chromosome 758/\I51 5/\ISZ?EIIS3
ISEMI G ERAL ¥ EEEMSF (fransposition modules)

BFH{u (autonomous units)
REAEBBRERENER, FEBHEREERNEGEWER
ERIEREEE: ~1000bp (768bp~1500bp)

M in 2 H20-40bp IR (Inverted terminal repeat)Xim& EIEE 5
Al HEEF515-9bp, ¥ EEfE, EHFEDNAL~EFEEE.
ISEFEAAEZEN LA =E ZM, XBURTHEBARNAGE, ISEH

FERATSEBHEREEARMNELER, ERENAUEBHERELF
(transcriptional terminator) S /ZE1F (promoter)

M3 FIR1ESF /AR AR P U -
(1) ISHAIEERAILFIES, ERE ﬁ)ﬂimRNAE’Ji’é%E’J?&t

() EEINTET, RN RN S

YV V V V
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123456789 M 987654321
123456789 P—— 987654321

EE RES spEy RMEE LEH
52l 2l TR 51 FF-41)

I ATGCA {:"-‘_,3456??59 _ 987654321 ATGCA s
it

I TACGT 123456789 987654321 TACGT s

JF'-JmZTEU b 2 R r;:].% 2 e e R S 7 Tk
ST« 23 bp 768 bp Bl

IS2 : 41 bp 1327 bp ik

Is4 13bp 18bp 1428 bp AAAN, TTT
IS5 16 bp 1195 bp .

ISIOR ¢ 22 bp 1 329 bp

IS50R 9 by 9 bp 1 531 bp

15903 9 18 bp 1057 bp

B13—7 ISE/HREIE
ISKIRH REEZFFIAbp, HFE1~ IRBREFF
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(a)

!
L A
el wT\ PRl ! i 5

G Te

CAST o u— -, 7
Ol en@ 4G, 96,
C 1C G456,
460 Cce

JEH DNA

[E]13—8 IIFLEFIHIFE AX
BISRHNATHEMERTINEGN (&) REBFERRE (b)), X2
FTRIDNA , /NEARZ /SHIIEIFFSY, HHVAERS = /SHYIR

LEIHNFEF (IS-like element)

s2f8 ISI0R, ISHORFIISO03, EfIHIZEFIFIISHEL, 1B
PN FE. MEFAEERETRBRAEN.
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13.2.2 %RET

(1) EE%ET (composite transposons)

Z58: tEISKIS%, BRREER+HERERE (AMERD

PAEINE &% BRI AR A E

“Pm. BAIFRA “Arms”,  “Arms"RILAZE G EIRY. AIAZRR 75 EAY.

—f%, H—NESEEEFRMEGNER, ZEEFHIREEAEEZREES
—NMAHRIINEE (Tnl0H, IS10R)

HFFE GBI — N EEZN DR PO XS H RS RIEFE. — 1 IS104
e e S AR R, H AL TnIONBanES— 1 H=E%.

1BXf Tetr B FAIE Tn104E R E—i#E, BEMERFNFHET, TTEAITnI0RIEZEE
5912 A] A B0

ST {4 FrZm b VA% FEER AY A 14 £2 SRR 5l — D 2R AR AR AIFE FE T HY R im . R A%

A — L ] i \ T N - = L P A
e YA Rl DA 9B L e T s

o R

< _',“' ' |



& Aik+ 4

wuhan university

(2) TnA EZEEFxIk
TnAZRKIEBFR/LNEXHEERET, HFTn3FTn1000 (LARTAYYS) &EMNER
MR EEBIK——Dkb, MR FIS, BEKinfG38bpAL AHIIR
BB MR B SEe AR, SMAtERE
 IR(Inverted repeat): 38 bp
Transposase--- TNpA gene— 4% F&fifg

) Resolvase--- ThpR(B) gene — it =i o
e WL &E
_ ampR---B-Lactamasegene HERGEYES!
(B- PN Bt gL )

TnAREFIEIEDNALE S, HEBRNEN (BIgEEXE T4 TnpARIE
RELETFERE) , XRNETIS— B ETIERN.

TnpRENEIER —=2EAEEFRENRIEER; 5—MEFARBEEEAITHEE.
TnpRZEE, FHEESNE t, BT TnpRIAIE T ThpAFIE B SEFAIEER; TnpR
EHKIE, TnpAGRK 1, EEENE t, XRATnpAS: EEEHI = 255 AR




Aikrd |
TnpAFI TnpREE 2 [B] E— 1 E & A-THIHNEPIRNITHIX . TnpRAIFEFNINAE
L lB I At XA 25 & >R SEINAY .
Res: The site of resolution
ERFY (res) RABHSFHKRIAS, RETnHAREABX—L S
TnpRiE BRI ESMBUEB =G EMUE, BNMKA30—40bp, ZHE5ESE
MIEHT A
[\ II. IIBEBFIIEE
s [ : resEdi B24E TnpAsLRAVHEIA =
L= I : TnpR3LRAVICIS =
BER—MIESEMRN, EIEHRMBENEKRESMA
OB AE T : BT ERNZS, DNAEresii s A EH .
g\)ﬁ@%ﬂﬁﬁr‘esﬁ,ﬁtﬂﬁ—ﬁ\ﬁﬂ@Eli, FEERENE, E0imS R EnEENZE

H =

5 TTATAA 3 : 5 TTAT protein-AA 3
3 AATATTS 3 AA-protein  TATT 5




Y- Thl0

(terVYEE Z U L)

(b) {8 ¥ 5 ¥ v
Y Tn3

Do S—

——— —.
IR
—

AR HTFHRERIM

13 -9 HAEH TS A IEFHLEM (3] [ Guffiths 2,2012)
) EEYEF W Tnlo, E5EREEEE 1510 M AT IRCISIOL A& ERER )
b) fal f5E 87 . 40 T3, ém IR, Tn3 FFHZEE5 Al C 855 RN . 582 B 00 o 35 208 O AR 224K

F13 -1 Tn F%HE

s B IE [ DNA =4 4 5
Fo T Bt bic gy TR L DA R
HL R B FE 51/ bp H R E s bp
Tnl ,Tn2,Tn3 &AW HTEE 4 975 38 5
Tnd HEHEE BEZE 205 000 i & Tn3
TnS FHig % 5 400 8/9 O( Tn3 09— R B i
AT TS50 F2 48 B2 7100 #8 AY)
Tt Fhig % 4200
Tn7 RN s R E 14 000
Tn9 HEZE 2 638 18/23 O( TnQ () i — i B [R5 4
AJFH ST
Tnl0 U % 9 300 17723 O( Tl 1955 —SER AR

[ IR RS A Y 31 1S10)
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13.2.3 LRI = AN

19634 Taylor % I Mu-phage (Mutator phage)

MUl & A 2 — AKX E AT ERRAEE A, URBEKINS
BEKAHAERRZEEITEE, FFEXBERISMTn—HFAILIEEEE
E2R _EFEAGEITEERE . BIMulss 4 845 iR FARsk B A Fn 3% BE [E] F R E 45
i 8

Mu-phage: —HhiDNARERI{F, 38000bp 4 4kDNA, 5)‘5’%’%1"”%12!:

MESRSEBARIMNERXRF, Mu-DNATERinR EESEF5I,
ME BT ANE R .

ESESNNEN, ETRNRimFIIZL

M : WﬁlﬂﬁL&E—EREIEDNA ElffﬁlOObp A i%1500bp
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(D wREKEIE: MATENEEINL, EEESAEE5bp
(2) HREFEK: FARMu-DNALTIFEHIIEANFTEDNA, BI1EA
SR FHERE TS LA
Mul E FllBE N FNE I RERE N2 ZVITE XY, MubYE Tk AL EE
, EfliEERREESEFELFH—MEN,
Mu-phageRl 75 —£5H4F = :
aX: SEEFEA. BEEFAZHEER
A MBkbAIGXFF: &Sv. U U'FISVANEH
PIX: & ginFmMANEE
HEERFCXFHMNAEER S T AENFEFF R4
G (+) — Svil UEREIFRIE ~ KM E coliKI12E Tk
G (—) — SVHMIUERIFRIA - £ coli CEtK




A= (b) B, AKX 5SctHEB, mMERE (¢) B, —PAE
HRI T XSVIEIZIMNE, EILRHEE AR ginE E 4D F= B4 (LBl
(invertase) GinEBXRELR, ZERBNGFFIRinHI34bp R A EE F
SIEIER.
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13.3. 1 ERREFEB PRI REF

St 133 BRI OB E T

ERSPIRSEREENEETZ Ty (fransposon

yeast, Ty) &%,

H—RIKE 295900 bp, Min& & B —1OIEEHK Kifm
=855 (LTR) , LTRIIKE340 bp. SEFARLAH

707%MATHRK, B—1MOAFEH B — 1B FH—E#HiEE

BEEgIR AR FS L& 1.
, XUk EMSHINS bpHIDR. FHIME

TyGENEE R BRI
AT TyhsENE, 379DR

, BT B g &%+ R T HE S EHIE LRI FZR AT /NER
, ER—N, MBAEEEEFRIOFR ASolo 8, XATEEEZMAAE
FENEREIETE, mMA{IRTLUBIEXTSolo d8Y 43 4T F1| 1Lk

pEFEANITIL )],

T N—— ;




%ﬁ.li*i

— BN Tyl BT 4R X ¥
BT, EEIAEDNARRIR b
AR—METIRNA, 2 | DB DK
ERRERERER—%
H T ET, BERE 11 4 RNA
HTEY Tyl 5% FE iGN Z Tyl RNA s
e £ (E13-13) . WD ERHTH
HTe®—1T4R+Ta% i
MENE YT, [ vl
HRERREILER T \;gf;gmm
AFthasssEm, A IS =— S

] %ﬁhﬁﬂ-‘m %'ﬁ\ ﬁ)& Bl 13 - 13 EERE Tyl B%EEE(S]E Snustad 25,2003)
KFNEMLFE T |
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PEF
1977% M.G.KidwellFRiE:
D.melanogasterstte i Rt TR ~F %

EEEEANRESFRHATEX:
#£—%&% I(inducer)d! R(
% IR S XRESLR -FEHM4MEE B
B_RG  RIBETAAEIPRE
PRI (AR ZATI#kAY Paternal contributing)
MZ! (B A 5T#kEY Maternal contributing)
P$ XM —FIE®E—FIES
M ¢ X P & —F,; Hybrid appears normal but is sterile(No progeny)
AR ZL M B B AXFRE), BRI Prge X Miemae 22X MiES, BERZFEEE




oAk
T RBEXEESERMM (germcells) &I
HEP—MAZHIZRZERT (F) AHABERIER, BEERAILE.
Ae F & B FHIRSERE (Morphological defect) M ZR4HRE 5> Z40T FHoA
E— Pmcxle>< Mfamale_)Fl dysgenSiS
EHREAHSINRA: EERPRERIBELG RPN EZENMXIBBESEHAL
,%P&‘di%ﬂ%ﬁ?ﬁ%P?, HIBFZ A AEIREEME. MBIRIBREIRLEHRZP
Xt ZFh 4 E B F R w(white) B E ST HIDNAEEIZRER -
T A HRTE ZHETONAR EiE#wiL = Fr 51,
# I NHIDNAFFIFR A Pelement
O%#: PRFEKELZWN, FILEIE, Aina3lbpkEIEEFS,
4% A PR BbpHIR R EE .
& K HIPEF2.9kb, : ORFO. ORF1. ORF2. ORF3
I RIPEF: WERERAMRALX, TR~ IZERERIRES], 1BINREWTTEE

. HPETHEERRBE




S AR+E
PRZ: mA30—50MEMMPET, K41/322KH.
PEF2PmAEREERIEEM S (inert component)
T 24 pfs 5 MBS BORT, (AR T AL FE
PE FHHSE RN E—: TSR MM, (B2PETFIEE
Y B R R ch ER B A T
4 40— 70X BANSE BT TS =B M — s,
= 7R IR A s RS R

QpEFFRIEHY
PEF: 4MINEF, 3ITHNEF. EAFRMAERES, XER2TMAES FHEY;
=% ORFO-ORF1-ORF24wF5[X —66kDa protein —4% B #E HI PRI 4
SCIGIERR: E=PAE FHYIREZXEERFEZN. E=1THE Y]

PR A ORF 3 HH 2 i IRIEAE, X 22— KERVIEIE(EA. XR

EPE FRERAEF HITIZEE
T AnRERNEFEFHER? AERPEE—WEH, ESESEINE TS
BF5 £, BHIE TORF3RIESHE, FEAEMEPEZ XNEH, BT




Aifrgd
AT B RBT AZHENER, SRAREAPETEREE.
o B R T —— SRR (cytotype) RIA—HATIEM HOBAA RS =k

440 it 55 R
w P EF PZm i BY
= PEF M2 2
MR B RIS THREE (p 262 E11—15) (GVIIp481 )

HURT66kDatk HANFIAL FERIRES, XANER BRI PEHAREF~ER
DP A B :  66kDaZER. SHAET
HEPmAT: BRERO66KDAERAG IR LT . EIATEPIEREH {E(3L
BoeR, ZE BB IEA2RERBRY A R, RELEAE FEERRYALE
AEMELEE S . IR A FAERBER (RAREPET) , ML
AN P 5| HERIPE T S B 5 B A% FEERYEUE
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NACES=12]

RGP RVAEREFRR T PREF
SNEAS copia, 412, 279, Tip

20~60 {1345

. FBEZE., TIMSHBEERT &R RRFS
» KR B
9], BFRinEEREIEEFS ( 500~500()bp

£13-15) . D022 sl B LK
30 1135 UL

R A EZ T
“ 2 900 bp
> <

0~50 {3 I

13 - 15 e 3 R B T4k
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13.3.3 FEK:

(1) Ac-Ds &%

McClintock 1940-19504

AN

A

2B HRYEL R

it

Ac-DsZE% (Ac—Ds)

X ERFITIEG T S AR F N

OChr BB R =

y,-ac

T

X,

“Breakage-fusion-bridge Cycle"”

HaFh—~ &3

ERFRAMHE LRSI mER
R R R B I EE R "
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E9Chr. £ ML EFR AfESS (Dissociation) EE{L— EFRDSEE(L
DsEEfi — BB B —MILE - LB AEFIONME &£ M3
DsEE i Y IX MRS o) —— 7

DskEii —%5E[EF transposable element

McClintockig i, DsEFFEReaAMERSEESNEEELEHRNS
—MIE EBE_ANEFFE, EDsEAFEN, EZITEFHRA
actiatorBlACEF. AcEFASREBIZEE, [ENREFRBERLERR, R
BEN_HEWXRIRAAC-Ds AW EFET Z%:




o | N P N T I 32
(1) Bx[% (Autonomous element)

BEZFEBBYINR (exicise) FniEREgE AHESB/EFHNE
F 5T, l:?'_T?H_H_L'J—"'E’J?ﬂ'ﬁ)\%ﬂ_ful_lﬂi—/\z_fgmﬂ’]ji_f'rﬂ']
(mutable) FAERE. BEMPTBEHRITER, siHILERE RITE
kfE, —PNATHFMNEERTEK— M ENFANEE.

(2) EEEERL (Nonhautonomous element ) :

ERERN, E—RIBFEATENHABaitERERZHEENT
, REHEFEPHEMNE LFEE—MHERXREHN—1NBE/ S
B, ENASTEIRE. SH—1BEEROEERINEAET, JE
BERSFRINESEE aEmz’\?FEE%;?E’\J SRR, SIEREBALER|—
A#ﬁﬂ’ﬂiﬁti EIIEEE_E%J\QE%%EE% E’Jii‘H’EFHI)J‘ﬁ‘é
" paow W . v Wv—"
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HRPE
Ac element: 4563bp —~ 3500base mRNA (807 /%F)
5NN B FHIp R —HE R — L R
AcHimZ BN bpIIR, AN SHIEEFFIFE8bpHIEE ..
Ds element: KE 55 L#HEL L, BESAcHX:
Fin AR A911bpAYIR, E{IttAcHE, REAE

TR (E DSk EH FEE A TR M — K X B B 4EEERVRE
AcHIDsH 57T Z5Ha BR -

T AcEl FimiS AL BB X DsE FE B +MER, 7 fE15DsE
TR, FAAZEMDsKRintREAEEINFEFE, EREWAC
X F AL EEBR PR Al .

'_—Lu £7I<E’JACI FHRIEN—MLE ?r’s'lﬁéil] 7'='a Aﬁi)ﬁ\lﬁ, J& SRAL

[l =2 #U A< 87 {2 B2 S Fih = N\

mechanism.
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Ds A—MZEMFNINRERN NT B RVEE EE T, REBSHIEIEXAIR A

5, RZS5EEFRNINGE, PTUANEBENGERE, SHEEEAPE

4 $ T
I I
| | I
—

R ——

TAGGGATGAAA Ds—a "1 7 149 bp 5% TTTCATCCCTG
ATCCCTACTTT l, AAAGTAGGGAC
Dr-a ’
|
— \ . y . —
TAGGGATGAAA Ds—b 147 2 522 bp ek TTTCATCCCTG
ATCCCTACTTT l AAAGTAGGGAC
Db B
"TAGGGATGAAA "TTTCATCCCTG
ATCCCTACTTT AAAGTAGGGAC
Ds—c Ds—c 1 105 bp & it

¥ & — %
TAGGGATGAAA TTTCATCCCTG

ATCCCTACTTT AAAGTAGGGAC

E 13 - 16 FAKPAYLA- Ds — Ae 55¢
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13.3.4 ANREFBHRIEEREF
BHEEFYE T ALEEBS0%U E, HepigrE+ L

EEFHIRV45% . T B ETEEZE DAY, XLIZRET

| |>~I

S RAFRER (13— 17)
LINE A m ORF1 ORF2(ol) ., 6~8kb 850 000

AB N
SINE B EH M H— AAA 100~300 bp 1 500 000

o _ gag ol (env) .
R EEE%B;.T DL:D 6~11 kb
f e Tl Bk ] 450 000

GRET RS rag,
RHETIE e[ SE 1N Dﬂ:b 1.5~3 kb

A s TN 23 kb
DNA ¥ &

| SHSER T - > 80~3 000 bp

E13—17 A%%Hﬁ¢%ﬂﬂ$£ﬁ@%

300 000
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LINE(long interspersed element): < 8I#ETT i, 2AL1, RME—FEA
RN R APEBERBEMR—AME K6 500 bp, & ORFI5ORF2HA
RIEAE. LITEMEZLh4EEE P v DA ZiA+ A4

SINE (shortinterspersed element): %8 8(7ETTH, TAAluTTH 1K
7100~ 300 bpz 18], BRIEEFiHEF, HIimSLIBREIFEME, Bt
BE K ELUHITHEEE,

Alu family: KERIKZ300 bpii P EEERFSI, [ 2o AIEE
EDNAFFIZ 8, RRGIMEATIEEAIUL, "REESIEIR—N70 bpF L
, F1—1130bpFE, WAARXR—RIKEMMUERBUNEERFI. Al
RIEBZIMHER, RENHE30A~50A1, K4FF6 KbDNAF
Fbg A1y, SAREREAMNI% ~ 6% . EEIRPSAIUFFIEERF
FIFRAB 1%, KEF130bp. EFECREFUHRAAIUENZKFE (

Alu—equivalent family) , ZSRERFET H eI EIHERED.
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13. 4 SR EE{ER B FHLH
13. 4.1 DNAFL EEFLHI

(1) EHIBEEEE (456 13.1. 2885 ppt)

1979 Shapio Th34L FEEAY .

@ H1FF (cutting) : Tn3iLEEEGIRBIZA
ikl ERYER (target) FFHILAK B S MiBH]
REIEEFS, HUIF

@ E#% (rejoining) : HAAFZIRLES L
AHELKE (cointegrate)

@ E#l: HDNAZREsFNERESS N, &
ISHSFMDR, —i5~11bp.

@ =l : FERSEALS (resolvationsits, e
res) FEMSFHITELNR, ERHABEAESER ‘LL:')
REERS, — T RIFRSBEEFHFY, 2=

A T EIE IR T A FEEFR S

13 - 18 Tn3 52 il 245 AEpi Y
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T 7 wonan unwersity (2) JE S I BYEE R
EIIEE%IJ%IJ;F?F:E (a) HEERESSS7E Tn P/ NA L 24k 4 -

R 2R BN E @ . o%;imw
?R&E1E$Er_ EIJE FAcRIDs A
Z%iﬁ(ﬂgﬁiﬁ\% PR A A D \ ,

1= \reunion

RS RS « » @

Eugﬁ;& NP Rk SEEE ’wzu

b IR —SEFETID B BB 0 @
1 AT FEEDNA_E =4 < > <§< )}) = , ‘aﬁ)\%mm.@.{

BIiE. BERETA

}"‘i iﬂ%ﬁELﬁ Eu ":' B BRI Tn SRR S REA @:

SO T W0 < >© Jozee

I"IH 19 JE 5 i 5L pL
(a) Tnl0 % FIRIEEHE(fj B Lewin,2011) (b)) FAp Ac - Ds 468 HIHIE W 5] B Griffiths % ,2012)
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13. 4.2 REEKYE e HY4E REAIL ]
(1) RERIREREENF
(£5& 13.1.3 REEFRIEETFERITpPL)
(2) Tyl/copiaZt I 5% 5% 4% FE T BV 4% FEAIL I

Tyl # copiaR ¥ = AR AL REEET, BIBARNANTF
e, AERRXRRERTFRHTROEEINTEBNER (
env) FEtAeEAmETR, EINREERMERNEE, T
A[3ERERRNA. EEERFE P TR R REBIIERE (
pol) , FRLABER EBIRNAREEFRACDNA, FIARMREER
mECODNARNZESHHEIBAR B EEEAF.
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FER Ty R §

W ‘ i — a5

(ESHI A B
AP IMA P& T

BT NET
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$5 85 (T B T 3 05
HATFRE, AN ST

P13 -25 Ty £ RNA 555 FE /9 E B
({/iH Lewin,2011)

P13 =26 Ty B -FIE il w2 0E Biokr
( [E'fﬁBa\H‘ ) (5] B Lewin,2011)
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1352 BEERRTSHIIET RS
HEEFBAZRENERPREESBOZERKLE, EREFERAT, AR
HERETIAREBIEEER, AR ETFHIBAFRIIBISERENEEIIEME
fRiE, EBAMSNERNRIEEEMERK, XFHIMRMAERHRE (leaky
mutation) . HRERNE—LERFERRIENRT. XLXERRAZSRER (
leaky gene) , XFRIEMFMEERE ( hypomorph) , BEl—FhzRTLERESHEFE A
BRI, BRNMESS.
=R BT B — 4 FEER IR A M B & 2R e AR AL ERT, MEf1z (8
HIDNAN 1S 5 T REE{EA ML RE. AR E(1ZBERDNAFEF/INEF, T
ZINEFBHYIE, AT —ERE P, XMENRADEF RS (exon
shuffling) . FTIBINEFRYZR, BlIRE—1PES/LNTERNETITIINEFG “TEhE

7 AT ER. XBEEMRTEMBEEMEEAUSHFENERZ— (B
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K

BE¥, EFfPy=INERET,

P ISIORH

' 36 MK ES

sNeoptptes’
¥ )1

13—28 3ERET1f"

|S1ORFRYRE22 bpRIREEEFS. £E
BYA M Kz =) & E 5 A0 E EAN 75 [E)48 & BY

E 5

183

X

= &b Y

B BE:

£

EEB
I TiRFHY7E EDNA FEYEE . PINZAIEIEE)
F, B2 81536 bpEE

RIS

EREFRRT & B1EE TN,
BT EB R,
e (R HE EIEE R IE M
104G MAY IS10REAFE—
B EFEANE BT ERE T BEh
FMAgERIERar sEEEHY
5/ imBf, LERIEIEAY
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553 HraREA, HEXins
MMNaRBEEF, XAJgER
BRRENINEAAE EFRIAR R H
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AEEE, ERVEREAMUSHRTERNFBARE, [FE
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T EMmMIEM T ERFIINES, WMISEAIHAHAE
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13.5.5 FREFRrIc HRVEE

42 FEF¥RZ (transposon tagging) 733545 EEFANYEEE AR EILH
higEE, R ANETEEYNERLED, FHENEREFMAMENE
FIRE, NMBVMIESFERBRT IR, ARMWE—I N TREK
%EH%NMir,%Wﬁ%%%@?ﬁ%ﬁﬁM%ﬂﬁ*ﬁﬂﬁﬁ&
HiE, TBESEEMNTEFNER, XMEFEEFIirERERER,
3% BEFLa R FNRY B VAR MEAFRZE, ETXHZERRAIS7E. B
THEANBRIDNAFFIES T A At B E RN E—EE A FIIFRZE,
EILtEDNAFRAN CZEFHEAN) RESBEENREAR, XAHHDNAFRZEE
(DNA-tagging) (¥ EETFRZE transposon tagging)

N A iZIE AR =2 -
D EXRZ—ME B EREGEET
@ B Eﬁﬁ?@%%\fﬁiafzﬁrﬁfﬂém, BN T A HiF 1 TArcAE iRt
. ORETHEARESHMERECEE,
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Figure 15.1 Overview:
transposons have inverted
terminal repeats and
generate direct repeats of
flanking DNA at the target
site. In this example, the
larget is a 5 bp sequence.
The ends of the
transposon consist of
inverted repeats of 9 bp,
where the numbers 1
through 9 indicate a

: T e to ey e
sequence of base pairs. RS e e

Host DNA

123456789

123456789

Target site

SRR 98765932
I 087654321

OIS S A SR
1ISD0Sase aen

RS RN S, SRR
B T e At

Host DNA

BN ATGCA123456789 I 057654321 ATGCA
B /CGT 123456789 | 967654321 TACGT [

Transposon Inverted Target

IS1
IS2
IS4
IS5
IS10R
IS50R
IS903

Target
repeat

9 bp
5 bp
11-13 bp
4 bp
9bp
9bp
9 bp

Inverted
repeat

23 bp
41 bp
18 bp
16 bp
22 bp
9 bp
18 bp

Overall length

768 bp
1327 bp
1428 bp
1195 bp
1329 bp
1531 bp
1057 bp

repeat  repeat

Target selection

random
hotspots
AAAN,,TTT
hotspots
NGCTNAGCN
hotspots

random 5
o=
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a) Purple kernels

Normal C gene expressing
pigment product
b) Colorless kernels
Activates Ds

©Q rucrnen transposition Ds can transpose into C
7] ‘-.‘ - Pll’ M

¢! Ds

t
O {6, Ak 7 %3 WS Dy Disrupted (mutant)
ERTER ¢ gene

c¢) Spotted kernels

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

¢! Ds v
@ DD @ wiupeknknmi
"! fr! MerTRIAR
Liisgnm . 4 G
IRk fi i 4r ».‘lu ETROE
)

Reversion of
¢ mutationto C

fi K 0% ol
VOB (N -C0)
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a) Activator element (Ac)

Intron

Transcription

b) Dissociation elements (Ds)

ps9o ' KR F_ 1
Ds2d1
Ds2d?

Ds6
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a) E. coli

amp gene b) Rplasmid Transposon carrying
F factor |—

ampicillin (amp¥)
resistance gene

E. coli
F factor

R plasmid

\of ot homol
e

Transposon carrying
tetracycline (fef®)
resistance gene

Transposon carrying
kanamycin (kn®)
resistance gene

——r N
7;2*."‘"”

AR gV
] ;"'.".: . ‘.\
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| E
1 IS ==
5 ACAGTTCAG CTGAACTGT3
3 TGTCAAGTC GACTTGACA|S'
'ﬁ__} | %,“J
IR Insertion of IS element into IR
chromosomal DNA
Target site
—r—
| Cut
Chromosomal _TCGAT! "
DNA : "AGCTA :
3 A weh
Cut' l
Inserted IS element ﬁ!
TCGAT ACAGTTCAG CTGAACTGT
E. TGTCAAGTC GACTTGACA AGCTA
IR Gaps filled by DNA R
et DN A po!ymerasei DNA ligase

P ‘TCGAT ACAGTTCAG
. AGCTA TGTCAAGTC

CTGAACTGT T

GACTTGACA AGCTA'

INeW DNA IR

Duplicated target site sequence

Host DNA
R J

AIBCATON O 3
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Transposon, Th3
A

4957 bp

Transposase Resolvase 3- Iactamase

pft inverted Right inverted
peat (38 bp) repeat (38 bp)

TTTATTTTCCGNT}'QCAAGCGCAGCC

\\K“\ .
HostDNA 4\ AATAAAAGGCTTAAGGTTCGCGTCGG... | Aroetsite

TTTATTTTCCGAA‘(TCGGGGTCTGACGCTCAG CTGAGCGTCAGACCCC&&FT‘ECAAGCGCAGCC '3' Tn3ends at

i 3 RERSRHIR . junction with
AAATAAAAGGCUAAGCCCCAGACTGCGAGTC GACTCGCAGTCTGGGGI%}R&@GTTCGCGTCGG 5 target DNA

A -
—p-

Portion of left Portion of right
inverted repeat of Tn3 inverted repeat of Tn3




(b) Genes in retroviral DNA and viral retrotransposons
Retroviral DNA

[ : gag pol int env | |

Ty 912 (yeast) Yeast
gag int  7env  pol N chromosome

LTR | LTR

Pairing of deltas

E-opla (Drosuphita) Element-specific
l gag int ?env  pol ]— LTR

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

.~ FIGURE 20.15

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

Crossover

Yeast Ty element

r A ~
- 5900 bp =~
Long terminal Long terminal Excised
repeat (delta) repeat (delta) XCise Chromosome
_Enhancer element I Ty segment
=P 38
DNA[_-i l < I__,,] with one
- v A ~ 7 6‘fate J
ORF 1, TyA ORF 2, TyB unknown) Yeast chromosome
with one &

RN A o s o s MR o r S Ve e
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Transposase enzyme recognizes inverted
repeats and excises the transposon.
vl

Genomic DNA
at original
insertion site

< - — v
_CCACATGTTCA : <
S~

p Inverted repeats (IR) e

Transposon

Transposition of P element to new location “‘-\\

5'.
R TeTn 5. AATGCTTA NN AATGCTTA
o

. -3
TTACGAAT S TTACGAAT
v 5‘

P element in original P element
genomic position excised Excision of P element leaves
i a gap at its original location
P element

3 5!

\ Exonucleases widen the gap
Transposase g :

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

5'

Repair of gap using a homologe
chromosome lacking a P element

3 & 3' 5-—-—-—:

3_—___ . - — 1 5 3" o 5 3:—.—-—-&1...9
e SI'_ 3

—
: - 3 1 0 !
3" :

Transposon remains in original position

Transposon no longer
at original position




IS modules are repeated e

ISL left

IS module has
anerted repeats

I1S1 cam

both functional i

ISR=right

AmL

Central Region

1S modl]l?a_ has
P‘nverted repeats

—— Figure 15.2 A composite transposon has a centra
region carrying markers (such as drug resistance)
flanked by IS modules. The modules have short
inverted terminal repeats. If the modules themselves

IS modules identical |

| Transposon
{ Th903

Tni10

' Tn5

Left end

1S903 kan®
IS10L tet"
nonfunctional
1S50L kanR

nonfunctional

Markers

are in inverted orientation (as drawn), the short
inverted terminal repeats at the ends of the transposon
are identical.

Right end

both IS ends functional

IS10R functional

IS50R functional (




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

Transcription units

tnpA tnpR amp

Transcription




Figure 15.4 The direct repeats of target DNA
flanking a transposon are generated by the
introduction of staggered cuts whose protruding ends
are linked to the transposon.

Transpo is copied to new site

Recipient

tfarget% . | : Boodloaliuihe ceBciimalion
mm¥rmmw .
- : oo
Aot bbbl d '
'% ’ | 2 '.v;v.;;u‘.r‘tvt.naltext www. er gItOcom
TR SR Staggered N |
m"‘m gg‘;attar > Figure 16.6 Replicative
: site g transposition creates a copy of the
ATGCA ,J% | transposon, which inserts at a
" recipient site. The donor site
e e—— Trgnsposon remains unchanged, so both donor
bbbl e dbbebelelel  OINET tO and recipient have a copy of the
v single-stranded transposon.

‘JA TACGT Fs
ATGCA [% TACGT"

& 4

FPPTTTTTIY 0y 0aps at

m ',_»_-_—;rh/:,‘,/'l‘/‘J’M‘f"/"'/‘m tal'get Site
“a e filled in
\ _Jarget repeats f and sealed
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Mu transposition uses a crossover interrmed

Transooson ITGCT
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Transposon moves to new site

Donor Recipient

fmEEEEERERRERND
W
]

Svirtualtext \'M'.ergthm_m

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.

| Movement conserves bonds

Donor Recipient

T PP
»

'.IIIIIII-III‘
13

4
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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 3
both autonomous and nonautonomous members. 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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Figure 15.24 Spm/En has two genes. tnpA consists
of 11 exons that are transcribed into a spliced 2500
base mRNA. tnpB may consist of a 6000 base MmRNA
containing ORF1 +~ ORF2.
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. T ; : 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 by P male x M female crosses, but not by M all four are spliced together in germline expression.
male x P female crosses.
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Figure 15.27 Hybrid P line (P male x P femaile ¢
dysgenesis is determined
by the interactions between Male chromosomes Female chromosomaeas Cytotype
P elements in the genome P element P element 66 kD repressor
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Figure 16.1 Overview: the reproductive cycles of
retroviruses and retroposons involve alternation of
reverse transcription from RANA 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 16,3 The ‘genes’ of the retrovirus are expressed as polyproteins that are processed into individual products.
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Each gene ganorates several protein products

MA = matrix (located between nucleocapsid and viral envelope)
CA = capsid (major structural compaonent)
NC = nucleocapsid (packaging the dimer of ANA)

PR = protease (cleaves Gag-Pol and Env)
RT = reverse transcriptase {synthesizes DNA)
IN = integrase (integrates provirus DNA into genome)

SU = surface protein (spikes on virion that interact with host)
TM = transmembrane (mediates virus-host fusion)




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
RNA; a uence unique to the 5" end
of viral RNA (U5); and a sequence

unique to the 3" end of viral RNA (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 tRNA primer bound to a
primcr-blnchng site (I’BS) adjacent to
US at the 5" end of the viral RNA. The
polymerase copies R, and the RNA
strand of the RNA-DNA hybrid is
then degraded by RNase H. The poly-
merase then jumps to the 3’ end of the
viral RNA in order to synthesize a
complete DNA 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-US5 sequences.
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Figure 16.11 Ty elements terminate in short direct
repeats and are transcribed into two overlapping RNAs.
They have two reading frames, with sequences related
to the retroviral gag and pol genes.
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Figure 16.12 A unique Ty element, engineered to
contain an intron, transposes to give copies that lack
the intron. The copies possess identical terminal
repeats, generated from one of the termini of the
original Ty element,
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Figure 16.14 Three types of transposable element
in D. melanogaster have different structures.
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