JIPLIRTE CIELCE

® TpaHcno3nunga — 3To PEKOMOMHALMOHHBIV
npoLiecc, C MOMOLL IO KOTOPOro
aOvckpeTHble cermeHThl AHK (moaBmKHbIE
reHeTUYEeCKMe SNeEMEHTHI) MEpPEMELLAOTCH
MeXay HEroMoJIorMYHbLIMKY canTaMu.



MobunbHble 3N1eEMeHTbI OblN BNEpPBbIe OTKPbITHI

b.Mak-KnnHToK y KyKypy3bl B 40-x rogax npoLusrioro CtoneTus




Cxema CTPOEHUA NOABUXHBIX 3JIEMEHTOB U NX NMHCEPLINN
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Cxema CTPOEHUS NOABMKHbLIX SFIEMEHTOB U UX MHCEPLIA
B AHK-MuiueHb
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Cxema CTpPOEHUA NOABUXHbIX 3JIEMEHTOB U X MHCEPL U

TpaHcno3asa
aenaeT ogHo- UINu
OBYHUTEBbLIE
pas3pbIBbI
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MexXaHu3ma
TpaHCNO3ULNK)
TOYHO NO KOHLAM
NOABWXXHOIO
anemMeHTa.

B JHK-MmuLLEHb

ATGCTACC GGTAGCAT
TACGATGG CCATCGTA

: LIEHTpaanaﬂ 4YacTb
5 3
¥ 5"

f i

WHBepTHpO- WHBepTipo-
BaHHbIN BaHHBLIN

noeTop noBTOp

OHK-MUWweHb
C cauTom
BCTpauBaHuA

e e R =
ATTCG| e ATTCG

Mpavon
NoBTOp
OHK-MuweHn

Mpsamon
NoBTOp
OHK-muweHn




Cxema CTPOEHUA NOABUXHBIX 3JIEMEHTOB U NX NMHCEPLINN

B AHK-MuiueHb
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Cxema CTPOEHUA NOABUXHBIX 3JIEMEHTOB U NX NMHCEPLINN

B AHK-MuiueHb
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Cxema CTPOEHUS NOABMKHbLIX SFIEMEHTOB U UX MHCEPLIA
B AHK-MuiueHb

ATGCTACC GGTAGCAT
TACGATGG CCATCGTA
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Cxema CTPOEHUA NOABUXHBIX 3JIEMEHTOB U NX NMHCEPLINN

B AHK-MuiueHb

ATGCTACC GGTAGCAT
TACGATGG CCATCGTA
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Cxema CTpoeHUd NOABMXHbBIX SFIEMEHTOB U UX MHCEPLINN
B AHK-MuiueHb
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Porb noaBMXHbIX 3fIEMEHTOB
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Porb noaBMXHbIX 3fIEMEHTOB
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ObpasoBaHne geneunmn v oynnukaumn B
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8HYMPUMOJIEKYISPHOU peKkoMbuHauuu




Porb noaBMXHbIX 3fIEMEHTOB
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Porb noaBMXHbIX 3fIEMEHTOB
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[ToaBW)KHbIE SNEMEHTbI MPOKAPUOT

1. IS-anemeHThI (insertion sequences)
2. TpaHCNO30HbI

3. HekoTopble bakTepuodaru

[ToaoBWXXHbIE 3NIeMeHTbl OTCYTCTBYIOT Yy 24% BCex
CEKBEHMPOBAHHbLIX FrEeHOMOB NPOKapPUOT




CTpyKTypa |S-a5ieMeHTOB

TpaHcnosasa

Pasmep IS-anemeHToB ~(800 — 2500) n.H.

g MHBepTMpoBaHHble noBTopbl (9-40 n.H.)

[Mpamble nosTopbl AHK-MuweHn (2-14 n.H.)

(He BXOOAT B COCTaB 351IEMEHTOB)

\
YacTtoTta TpaHcnosuumm 104-10"7 Ha reHepaumio




CTpyKTypa |S-a5ieMeHTOB

onemenr I P DOSEHHOTO  AyATROREHHOTD
(n-H.) noBTOpa (M.H.) noBTOpa (M.H.)

S1 768  18/23 9

IS2 1327  32/41 5

IS3 1258  29/40 3.4

S10 1329  17/22 9

S50 1534  8/9 8,9,10

1IS866 2716 24/27 3



XapakTepucTika npokapuoTNIYecknx TPaHCHO30HOB

Paawvep [1nnHa [1nnHa
ONeMeHT NHBEPTUPOBAHHOIO  AYRANUNPOBAHHOIO
(n-H.) nosTopa (Mn.H.) noBTopa (Mn.H.)
Tn3 (Ap) 4957 38 3
TnS (Km) ~5400 1534 9
Tn7 \
(Tp,Sm,Sp) 14000 510) S
Tn9 (Cm) 2638 768 9
Tn10 (Tc) ~9300 1329 | 9

Tn501(Hg)  ~7800 38 5



XapakTepucTika npokapuoTNIYecknx TPaHCHO30HOB

srevenr MR Ao AyAAMLIAOREIETS
(n-H.) noBTOPa (M.H.) nosTOPa (M.H.)
Tn3 (Ap) 4957 38 3)
Tn5 (Km)  ~5400 1534 (1S50) 9
(Tpgg,sp) ~14000 30 5
Th9 (Cm) 2638 768 (1S1*) 9
Tn10 (Tc)  ~9300 1329 (IS10) 9
Tn501(Hg) ~7800 38 3

* - 1S1-anemMeHTbI B NPAMON OpUEeHTaLumn



Knaccmopukaumg NnpokapmoTUYeCcKnx TpaHCrNo30HOB

CocTaBHble (composite) TPaHCNO3OHbI

CocToAaT n3 AByx |S-afieMeHToB B MPOTMBOMNOSIOXHON OPUEHTALNN OTHOCUTESBHO
apyr agpyra. [eHbl TpaHCNO3nUMKM HaxoadaTca B IS-anemMeHTax. |S-anemMeHTbl
donaHKUPYOT LEHTParbHYI YacTb, COAepXKaLlyo NMOCTOPOHHUE MEeHbI.

15101 IS10R

Tn10  FY I I I .

TpaHcno3asa

HecocTaBHbIe (KOMMOMEKCHble, complex) TPaHCNO30HbI

Ll,eHTpaanaﬂ YaCTb COOEPXKUT NeHbl, HeO6XO,EI,I/IMbIe Aanga TpaHCcno3nunm, U
APYyrne reHbol. (DJ'IaHKI/IpOBaHbI KOPOTKUMUN NHBEPTUPOBAHHBLIMA NMOBTOPaMM.
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OCHOBHblE MEXaHU3MbI TPpaHCro3anunmnm
NMPOKaAPUNOTUYHECKNX NMOABUXHbLIX 3JTIEMEHTOB
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PennnkaTtuBHbI MEXaHN3M TPaHCMNO3ULLN
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@) TpaHcnosasa genaeT OgHOHUTEBbIE Pa3pbiBbl HA KaXO0M
koHue Tn-anemenTa 1 @ Ha koHuax OHK-MuULweHN.



PennnkaTtuBHbI MEXaHN3M TPaHCMNO3ULLN
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CBoOOAOHbIE KOHUbI Th-a51IeMeHTa npmcoenMHﬂmTCﬂ K
cB0oOoaHbIM KoHUam OHK-muwieHn.

Ha ogHOHUTEBbLIX MaTpuuax NnpoucxoauT pensnkauyms,
KOTopasi Ha4YMHaAeTCs co CBODOAHbLIX KOHLOB U
npopgosikaetcd yepes Tn-anemeHT U AHK-mMuLieHs.




PeFIJ'II/IKaTI/IBHbII7I MeXaHn3M TpaHCho3ULnm
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@) B pesynbTaTe o6pasyeTcs KouHTerpar ¢ 2-Ms KOI'II/IFIMI(I Tn-
anemMeHTa 1 2-Ms KOnMsiMu caiTa BcTpanBaHuUS.

KounHTerpat — npoMeXXyToYHbIN NPOAYKT TPaHCMO3ULIUN.



PeFIJ'II/IKaTI/IBHbII7I MeXaHn3M TpaHCho3ULnm
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(8 ) Mexay cantamu BHYTpU Tn-25IEMEHTOB NPOUCXOOUT CaUT-
cneundunyeckasa pekomonHaums (paspeLleHne KonHTerparTa) ¢
© @ obpasoBaHvem OAByX UCXOAHbIX PEMIMKOHOB.

HoBaga konuna Tn-anemeHTa pnaHknpoBaHa npsiMbIMM NoBTOPaMM
OHK-MuLieHn.




OCHOBHblE MEXaHU3MbI TPpaHCro3anunmnm
NMPOKaAPUNOTUYHECKNX NMOABUXHbLIX 3JTIEMEHTOB
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CTPYKTYPHO-QYHKLUMOHAarIbHasa opraHn3aumns
rnoJsioBoro paktopa F




CTpyKkTypHas opraHusauns nnasmugsl pTP10
(13 rpamnonoxuntensHon 6aktepun Corynebacterium striatum M82B)

[Mnasamuga pTP10 cogepxunt
8 IS-anemeHTOB (YeTbIpbIX
rpynn) n 5 TpaHCNO30HOB.

OHa geTepMUHMNPYET YCTONYUBOCTD K
16-T aHTUOMOTUKaAM 6-
TN Pa3nnYHbIX KIacCcoB.




[MTnasamuga pTP10 coaepxunt
8 IS-anemeHTOB (YeTbIpbIX
rpynn) n 5 TPaHCNO30HOB.

OHa geTepMUHNpyeT YyCTONYNBOCTL K
16-Tn aHTUOMOTUKaAM 6-
TN pa3nnYHbIX KIacCcoB.

Copepxunt yyactkmn OHK:

Corynebacterium diphtheriae (naToreH YenoBeka),
Mycobacterium tuberculosis (naToreH 4YernoBeka),
Corynebacterium glutamicum (noyBeHHaa bakTepus),
Pasteurella piscicida (naToreH psi0),
Erwinia amylovara (natoreH pacteHun),

E.coli




[Tnasmuga pTP10 cogepxunt 8
|S-anemMeHTOB (YeTepbIX rpymnmn)
N S TPAHCNO30HOB.

OHa geTepMnHMPYET YCTONYMBOCTD K
16 aHTMOMOTUKaM 6 pPasNUYHbIX
Knaccos.

Copepxunt yyactkmn OHK:

Corynebacterium diphtheriae (naToreH YenoBeka),
Mycobacterium tuberculosis (naToreH 4YernoBeka),
Corynebacterium glutamicum (noyBeHHaa bakTepus),
Pasteurella piscicida (naToreH psi0),
Erwinia amylovara (natoreH pacteHun),

E.coli




® BepTuKanbHbIX NepPeHOC reHOB — OpPraHu3m
nosiydaeT reHeTU4YecKun matepumarn oT CBOero
npenka.

® [Opu3OHTalNbHbIN NEePeHOC FreHOB —
npouecc, B KOTOPOM OpraHuU3m nepenaet
reHeTu4eckun matepuan apyromy opraHusmy,
He ABNAILWEMYCA eMY NOTOMKOM.



[logBWMXHbIE SNEMEHTHI AYKAPUNOT

® Knacc | — peTpoaneMEHThI (PETPOTPAHCHO30HH!).
TpaHcnosnuma ocyulectBrideTcd Yepes PHK-
nHTepmeanar. AHK-konng cuHTesnpyetcd ¢ PHK-
KOMMW C MOMOLLBLI0 0OpaTHOW TPaHCKPUNTAa3bI.

® Knacc Il — anemMeHThl NpokapnoTMYeCcKoro T1na
(AHK-TpaHCcno30Hb!).
TpaHcho3nLUne OCYLLECTBIFETCH C NOMOLLEIO
KOHCEPBATNBHOIO MEXaHn3ma.




MexaHn3m TpaHCHo3nLINN PETPOTPAHCIO30HOB
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MexaHn3M TpaHCRO3ULIMN PETPOTPAHCHO30HOB
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CUHTE3 HUTK
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PHK-maTtpuue
OCyLLeCTBAeT pepMeHT
obpaTHasa TpaHckpunTasa
(peBepTasa)

OTOT (bepMeHT
OCYLLEeCTBIIAET TaKkxke
CUHTE3 BTOPOU
KOMMNAeMeHTapHON HUTU
NHK, HO yXe Ha maTpuue
AHK
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MexaHn3M TpaHCHO3ULIMN PETPOTPAHCHO30HOB
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OCHOBHbIE MEXaHN3MBbI TpaHCNno3nunn
NMNoABUXHbLIX 9JIEMEHTOB
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Tnnbl peTpo3riEMEHTOB

® 1. C ANMMHHBIMW KOHLEBbLIMM NOBTOPaMU —
L TR-3nemMeHThl

® 2. C oTCcyTCTBMEM KOHLIEBbLIX MOBTOPOB —
He-LTR-anemeHThl (LINE, SINE)



CTpyKTypa peTpoTpaHcrno3doHa Ty 1 Opoxken

B

A
TR Jgag prot| int RT | LTR)

Pa3smep anemeHTa - ~ 5900 n.H.

m‘ [Mpsimble KoHUEeBbIe NoBTOPbI ~ 330 .H.
AynnuumposaHHbi nosTop AHK-muweHn — 5 n.H.

[MpeactasneH ~30 KONUSAMN B reHOME OPOXKEWN.

B reHome yenoseka > 100000 konun LTR-anemeHTOB

B reHomax Bbicwunx pacteHmn ~ 1000000 konuu



CTpyKkTypa peTpoTpaHcrnodoHa Tyl apoxkeun

ORF B

A
TR Jgag prot| int RT | LTR)

gag — koampyet cTpykTypHbi PHK-cBs3biBatoWwmin 6enok
prot — KogunpyeT npoTteasy

int — kKoanpyeT uHTerpasy

RT — obpartHasa TpaHckpunTasa




Xapaktepuctuka He-LTR peTpoTpaHCcno30HOB
SINE (short interspersed elements) u LINE (long interspersed elements)

(Y 3TUX 9aNeMeHTOB OTCYTCTBYHOT AJIMHHbIE MHBEPTUPOBAHHbIE
MOBTOPbI M OHWN HE KOAUPYIOT TPAHCMO3ULMOHHYO UHTErpasy)

LINE
[OrnnHa - ~6500 n.H.

ABTOHOMHGIE (KOAMPYIOT HE MHTErpasy, a SHOOHYKeasy, bernok gag v
obpaTHYIo TPpaHCKpMNTasy)

B reHome 4yenoBeka ~ 850 000 konvn

SINE
[OrvHa - ~ 300 m.H.

HeaBTOHOMHBIE — (HE KOAVPYHOT HMKaKux DESKoB).

X TpaHcno3numsi OCYLLIECTBISIETCH 3a CYET BEMNKOB, KOANPYEMBIX
anemeHToMm LINE

B reHome yenoBeka ~ 1 500 000 konuin




[ToaBWMXHbIE SNEMEHTHI AYKaPUOT

® Kmacc | — peTtpoaneMeHThl (PETPOTPAHCIO30HbI). TpaHCcno3nums
ocyLluecTBrdeTcd Yyepes PHK-nHTepmeanar, KoTopbiv
CUHTEBMPYETCS C NOMOLLLIO 0OpaTHOM TPaHCKPUNTaskbl.

1. C ANVHHBIMM KOHLEBEIMY NoBTOpaMn — LTR-anemMeHTbl
2. C oTCYyTCTBMEM KOHLIEBLIX MOBTOPOB — He-L TR-anemMeHThI
-S

INE
[rvHa - ~ 300 r1.H.
HeaBTOHOMHBIE —TPaHCHNO3VLNS OCYLLECTBIISETCH 3a CYET DENIKOB,
Kogupyembix ariemeHTom LINE
B reHome yenoBeka ~ 500000 konvn

- LINE
[ArnnHa - ~6500 m.H.
ABTOHOMHbIE

B reHome yenoseka ~ 100000 komnin

® Knacc |l — sanemeHTbl npokapnoTmnyeckoro Tmna. IpaHcnosmnumng
OCYLUECTBIFETCS C MOMOLLLI0 KOHCEPBATMBHOIO MEXaHNU3Ma.




[ eHOMBbI Y PETPOTPAHCMNO30HbI

Bua Pa3mep reHoma [lons .
(M.M.H.) pPeTpoTpPaHCNO30HOB
Apabugoncuc 125 <10%
Puc 430 >15%
Kykypy3a 3000 50-80%

A4meHb 4800 >70%
[Opo3oduna 180 <10%
Yenosek 10[010) ~40%

* [lonsi Apyrux TpPaHCMO30HOB He BKMHOYEHa



h (Kb) Human genome

i i

Number Fraction
Retrovirus/retroposon NG MKl 1-11 450,000 8%

LINES (autonomous), e.g., L1 o lGSEe 6-8 850,000

DNA transposon D Transposase 4 2-3 300,000 3%

it o e e e B e e e e A6 .08 -

i
l SINES (nonautonomous), e.g., Alu SV  <0.3 1,500,000
1
i
i

Four types of transposable elements constitute almost half of the human genome.
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Retroposon

From Wikipedia, the free encyclopedia

Jump to: navigation, search

Retroposons are repetitive DNA fragments which are inserted into chromosomes after they
had been reverse transcribed from any RNA molecule. In contrast to retrotransposons, they
never encode Reverse Transcriptase (RT). Therefore, they are non-autonomous elements
with regard to transposition activity. (compare Transposons)

Non-LTR retrotransposons (such as the human L1 elements) are sometimes falsely referred
to as retroposons. Retroposition accounts for approximately 10,000 gene-duplication events
in the human genome, of which approximately 10% are functional. Such genes are called
retrogenes and represent a certain type of retroposons. A classical event is the retroposition
of a spliced pre-mRNA molecule of the c-src gene into the proviral ancestor of the Rous
Sarcoma Virus (RSV). The retroposed c-src pre-mRNA still contained a single intrqn and
within RSV is now referred to as v-src gene.
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the population because they are less likely to cause a
mutation. Insertions into exons are said to be subjected
to negative selection. Second, humans, as well as all
other multicellular organisms, can survive with so much
mobile DNA in the genome because the vast majority is
inactive and cannot move or increase in copy number.
Most transposable-element sequences in a genome are
relics that have accumulated inactivating mutations over
evolutionary time, Others are still capable of movement
but are rendered inactive by host regulatory mecha-
nisms. The epigenetic mechanisms that serve to inacti-
vate transposable elements will be discussed in more de-
tail later in this chapter. There are, however, a few active
LINEs and Alus that have managed to escape host con-
trol and have inserted into important genes causing sev-

eral human diseases, Three separate insertions of LINEs |13.4 The dynamic genome: more transposable elements than ever imagined 443
have disrupted the factor VIII gene causing hemophilia
A, At least 11 Alu insertions into human genes have
been shown to cause several diseases, in\cluding hemo- Ancestral grass ~70 million years
philia B (in the factor [X gene), neurofibromatosis (in
the NFI gene), and breast cancer (in the BRCAZ2 gene).

The overall frequency of spontanecus mutation due
to the insertion of class 2 elements in humans is quite
low, accounting for less than 0.2 percent (1 in 300) of all
characterized spontaneous mutations, Surprisingly, retro-
transposon insertions account for about 10 percent of
spontaneous mutation in another mammal, the mouse.
The approximately 30-fold increase in spontaneous mu-
tations due to retrotransposon insertion in the mouse

] Barley Sorghum Maize
most likely corresponds to the much higher activity of
these elements in the mouse than in the human genome. \ \" :.:J §
R\ E

MESSAGE Transposable elements compose the largest Y

fraction of the human genome, with LINEs and SINEs ==

being the most abundant. The vast majority of transposable ===

elements are ancient relics that can no longer move or Y

increase their copy number. A few elements remain active and
their movement into genes can cause disease.

igure 13-25 Transposable elements in grasses are responsible for genome size
differences. The grasses, including barley, rice, sorghum, and maize, arose from a common
pncestor about 70 million years ago. Since that time, the transposable elements have
rccumulated to different levels in each species. Chromosomes are larger in maize and barley,
whose genomes contain large amounts of LTR retrotransposons. Green in the partial genome
it the bottom represents a cluster of transposons, whereas orange represents genes.
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Figure 13-24 Repetitive elements found in the human gene (HG0) coding for homogentisate w— Alus
1,2-dioxygenase, the enzyme whose deficiency causes alkaptonuria. The upper row diagrams - E'r:‘IEE:
the positions of the HGO exons. The locations of Afus (blue), other SINEs (purple), and
: ) . [After B. Granadino,

D. Beltran-Valero de Bernabe, 1. M. Fernandez-Cafdn, M. A. Pefalva, and 5. Rodriguez de Cérdoba,
“The Human Homogentisate 1, 2-Dioxygenase (HGO) Gene,” Genomics 43, 1997, 115]
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Figure 13-4 Summary of the main effects of transposable
elements in corn. Ac and Ds are used as examples, acting on
the C gene controlling pigment.
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autonomous elements for their movement because they
do not encode the necessary proteins, including reverse
transcriptase (for RNA elements) and transposase (for
DNA elements).

* How can humans survive given that up to 50 percent
of the human genome is derived from transposable
elements?

Three major reasons. First, most of the transposable

elements’ sequences are mutant and no longer capable

n of the few

active elements in the genome is usually prevented by

of transposition. Second, the transpos

host regulatory mechanisms, Finally, the vast majority of
transposable-element sequences in the human genome
are in noncoding DNA including telomeres, centromeres,
intergenic DNA, and introns.

* How can the study of retrotransposons in yeast lead

to improved procedures for human gene therapy?
Yeast retrotransposons target their new insertions to so-
called safe havens, regions of the genome with few genes.
By understanding the underlying mechanisms, scientists
may be able to devise new strategies to target genes for
gene therapy into safe havens in the human genome.

The active transposable elements isolated from such

model organisms as veast, Drosophila, E. coli, and maize
constitute a very small fraction of all the transposable
elements in the genome. DNA sequencing of whole
genomes, including the human genome, has led to the
remarkable finding that almost half of the human
genome is derived from transposable elements, Organ-
isms coexist with their elements largely because epige-
netic mechanisms have evolved to suppress the move-
ment of the elements.
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Figure 1| Human brain variation by retrotransposition. These twins are make-up of their brains in adulthood. Depending on the target genes
genetically identical at conception, but at birth their brains differ because and the neurons affected by L1 insertions, the twins may differ in brain
of new L1 insertions that take place during the development of the nervous function or dysfunction. Each unique insertion is represented by a
system in the fetus. Ongoing retrotransposition in neural progenitor different colour. Darker-shaded areas highlight regions of the brain
cells as shown to occur by Coufal et al." will further diversify the genetic where L1 retrotransposition may be more likely to occur after birth.
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ComaTtnyeckn Mo3amumam U reTeporeHHOCTb FreHHOW 3KCNpeccumn B

Mo3re obycnoBreHa MHCeEPLUUSIMM PETPOTPAHCNO30HOB B KIETKaX-
NpeaLecTBEHHNKAX HEPBHOW TKaHM BO BPEMSI pa3BUTUS SMOPUOHOB.




Long interspersed element 1 (LINE-1 or L1) retrotransposons have
markedly affected the human genome. L1s must retrotranspose in
the germ line or during early development to ensure their evolu-
tionary success, yet the extent to which this process affects somatic
cells is poorly understood. We previously demonstrated that engi-
neered human L1s can retrotranspose in adult rat hippocampus
progenitor cells in vitro and in the mouse brain in vivo'. Here we
demonstrate that neural progenitor cells isolated from human etely understood
fetal brain and derived from human embryonic stem cells support [tOT cells (NPCs)
the retrotransposition of engineered human Lls in vitro. System: neurons,
Furthermore, we developed a quantitative multiplex polymerase 1er human NPCs
chain reaction that detected an increase in the copy number of \yyhan fetal brain
endogenous Lls_in the hippocampus, and in several regions of  ~onstruct con-
adult humarll brains, wh.en cnmparv.?d to the copy number of endo- (RC-L1) driven
genous L1s in heart or liver genomic DNAs from the same donor.
21:1;5: ic:la:lal :Tig;s; I:l::.; ;:i: :r?:niﬁl n?trcftrlan;pﬂﬂtmn events.may d region (UTR),
, in principle, have the potential to _
contribute to individual somatic mosaicism. lorescent protein
(EGEP) expression cassette, which 1s interrupted by an intron in the
same transcription A low level of L1y retrotransposition, averaging 812 events per
tion of the cassette 100,000 cells, was observed in three different human fetal brain stem
RC-L1 undergoes 1 celllines (BR1, BR3 and BR4; Fig. 1d). By comparison, an L1 contain-
ing two missense mutations in the open reading frame 1 (ORF1)-
encoded protein (JM111/L1gzp)>” did not retrotranspose (Fig. 1b, d).

1g approximately
rpes and connec-

contains a retro-
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sequences.

Another 3% or so of the human genome consists of
highly repetitive sequences, also referred to as
simple-sequence DNA or simple sequence repeats
(SSR). These short sequences, generally less than
10 bp long, are sometimes repeated millions of times per
cell. The simple-sequence DNA has also been called
satellite DNA, so named because its unusual base com-
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cellular DNA samples are centrifuged in a cesium chlo-
ride density gradient. Studies suggest that simple-
sequence DNA does not encode proteins or RNAs. Un-
like the transposable elements, the highly repetitive
DNA can have identifiable functional importance in
human cellular metabolism, because much of it is asso-
ciated with two defining features of eukaryotic chro-
mosomes: centromeres and telomeres.

e i

FIGURE 24-8 Types of sequences in the human genome. This pie
chart divides the genome into transposons (transposable elements),
genes, and miscellaneous sequences. There are four main classes of
transposons. Long interspersed elements (LINEs), 6 to 8 kbp long (1 kbp
= 1,000 bp), typically include a few genes encoding proteins that cat-
alyze transposition. The genome has about 850,000 LINEs. Short inter-
spersed elements (SINEs) are about 100 to 300 bp long. Of the 1.5
million in the human genome more than 1 million are Alu elements,
so called because they generally include one copy of the recognition
sequence for Alul, a restriction endonuclease (see Fig. 9-3). The
genome also contains 450,000 copies of retroviruslike transposons,
1.5 to 11 kbp long. Although these are “trapped” in the genome and
cannot move from one cell to another, they are evolutionarily related
to the retroviruses (Chapter 26), which include HIV. A final class of
transposons (making up <1% and not shown here) consists of a vari-
ety of transposon remnants that differ greatly in length.

About 30% of the genome consists of sequences included in genes
for proteins, but only a small fraction of this DNA is in exons (coding
sequences). Miscellaneous sequences include simple-sequence re-
peats (55R) and large segmental duplications (SD), the latter being seg-
ments that appear more than once in different locations. Among the
unlisted sequence elements (denoted by a question mark) are genes
encoding RMAs (which can be harder to identify than genes for pro-
teins) and remnants of transposons that have been evolutionarily al-
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on was a gene that moved. She noticed that chro-
ne breakage in maize often occurred at a locus that
led Dissociation (Ds) but only if another gene,
tivator (Ac), also was present. Ds and Ac exhibited
al patterns of inheritance; occasionally, the genes
| together. McClintock called these moving genes
lling elements, because they controlled the expression
I genes.

cClintock published her conclusion that controlling
1its moved in 1948, Although her results were not dis-
they were neither understood nor recognized by most
vists. Of her work, Alfred Sturtevant, then a prominent
ist remarked, “I didn't understand one word she said,
she says it is so, it must be so!” He expressed what
to have been the attitude of many geneticists at the
McClintock was frustrated by the genetics commu-
eaction to her research, but she continued to pursue it
eless. In the 1960s, bacteria and bacteriophages were
to possess transposable elements, and the develop-
of recombinant DNA techniques in the 1970s and
demonstrated that transposable elements exist in all
sms. The significance of McClintock’s early discoveries
1ally recognized in 1983, when she was awarded the
Prize in Physiology or Medicine.

hireeman.com/pierce A series of links to Barbara

ntock and her work on transposable elements

bp long, including terminal inverted repeats c
the flanking direct repeats that they gener:
in length (¢ FIGURE 11.28a). Each Ac element cor
gene that encodes a transposase enzyme. Thus
are autonomous— that is, able to transpose. Ds
Ac elements with one or more deletions that ha
the transposase gene (¢ FIGURE 11.28b). Unable
on their own, (nonautonomous), Ds elements c
in the presence of Ac elements because they sti
minal inverted repeats recognized by Ac transpos

Each kernel in an ear of corn is a separat
originating as an ovule fertilized by a poll
kernel’s pigment pattern is determined by se
pigment-encoding allele at one of these loci ¢
nated C, and an allele at the same locus that do
pigment is designated as c¢. A kernel with genot:
colorless — that is, yellow or white (¢ FIGURE 1.
nel with genotype CC or Cc will produce pig
purple (¢ FIGURE 11.29b).

A Ds element, transposing under the
a nearby Ac element, may insert into the C allel
its ability to produce pigment (¢ FIGURE 11.2!
inactivated by a transposable element is des
a subscript “t"; so in this case it would be d
After the transposition of Dsinto the C allele, t
has genotype C,c. This kernel will be colorless |
low). because neither the C. nor the c allele con



Copia element (~5000 bp)
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11.30 Copia is a transposable element of Drosophila.
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