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McClintock’ s transposons caused phenotypic changes
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McClintock’ s transposons caused phenotypes
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Human transposons cause phenotypes (diseases) too

Gene Disorder Element Mechanism

NF1 Neurofibromatosis Alu Ya5 Intron/skipping

BCHE Acholinesterasemia Alu Yb8 Exon insertion

F9 Hemophilia B Alu Yab Exon insertion

CASR Familial hypocalciuric Alu Ya4 Exon insertion
hypercalemia

ADD1 Huntington disease Alu Intron

Factor VI Hemophilia A L1 Exon insertions

APC FAP L1 Exon insertion

Dystrophin Muscular Dystrophy L1 Exon insertions

Globin beta thalassemia L1 Intron

RP2 Retinitis Pigmentosis L1 Intron

Fukutin Muscular Dystrophy L1 Intron/skipping

Mills, R.E., Bennett, E.A., Iskow, R.C., and Devine, S.E. (2007) Trends Genet. 23:183-91.
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Human TEs produce a large amount of genetic variation

~1 in 20 to 200 live births is predicted to have a new
germline TE insertion

Kazazian, H.H. (1999) Nat. Genet. 22, 130.
Li, X. et al. (2001) Hum. Mutat. 34, 511-519.
Cordaux, R. et al. (2006) Gene 373, 134-137.

6 billion people X 0.05 = 300 million germline
TE insertions

Equivalent to 1 new TE insertion for every 10 bp of
genome (an impressive mutagenesis experiment!!)



Needed a better method to find new insertions

~ Somatic retrotransposition
\ in human tumors

Germline retrotransposition
in human populations



“Transposon-seq” technologies to identify new L1 and Alu insertions
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We found 152 New L1 insertions

# of sequences
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Can we detect new germline and somatic TE insertions in cancer patients?

~ Somatic retrotransposition
\ in human tumors

Germline retrotransposition
in human populations



. RE site RE site RE site 4 bp cutter
454 pyrosequencing: |

l 1 per 256 bp
20 Iung tumor tissues Genomic Transposon Genomic
20 matched adjacent

(normal) tissue

Cut, add linkers, amplify junction (PCR)

10 brain tumor tissues &
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60 specimens total
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Summary of transposon-seq data

Sequencing Sample Distinct Previously PCR
Strategy Description Retrotransposon Reads Mapped Retrotransposons Unknown Validated

Pools of diverse

ABI capillary human DNA and 64/66
sequencing t:ermirr_‘:eg&,;d L1 4,600 3,795 785 152 (97%)

Lung tumor and
adjacent normal

Pyrosequencing  “"iCrond L1 266,126 50,532 1,389 650 e
matched normal 0
blood DNA.
Brain tumor and 53/56
Pyrosequencing  matched normal Alu 35,022 22,338 3,799 403

blood DNA. (95%)



We identified 742 novel L1’ s
and 403 novel Alus (1145 total)

L1 elements beyond the reference sequence

ABI capillary
sequencing

Pyrosequencing



Most of new insertions detected belong to the youngest,
most active subfamilies in the genome

L1 subfamilies detected with 454 sequencing
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Most of the novel insertions also had low allelic
frequencies, further indicating that they were inserted
recently D
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Singletons (insertions found only in a single specimen)
Include some of the most recently-inserted L1’ s

e
=

& o6
=i dbRIP
2 04 n=153
Sos{ MAFs5% 339 “singleton” L1's
: M Glioblastoma (GBM): 57
585583333533858383 %8+ Normal leukocytes, GBM: 56
» 0.6
§°5 MAFs 5%
2 04 l ABI capillary sequencing
S w1 n=47 Lung tumor: 101
g II Normal lung: 75

W = B MW MWW DWW B W W —
CSam"aNaa"aoatalsc®asrta®Ra®y

Follow up PCRs on lung tumor

] maFs5% singletons:
5l | , 9 were somatic insertions;
[ Pyrosequencing .
s =650 Most of the rest were in matched
5 o) normal too, so rare germline
5 ¥ insertions
0" _

~10% no PCR (some likely subclonal)

Allelic Frequency



A ——p

Genomic Genomic

Genomic Transposon Genomic
4D

.
.
)
Y
N
|

Pre-Insertion  Insertion
Allele (A+D) Allele (C+D)

A

-

{ A4 3\
w 4]
2w 2
— ™ = ©
EEBEE &
S0 0 W S O ]
FZ 22 Z2
ne-izss |
ANCO106 [ N E
ANCO110 | PN T
ANCO118

9 somatic insertions
In lung cancers validated
by PCR

Cloned and sequenced

Insertion junctions to
Verify—flanked by tsd’ s

6/20 (30%) of lung

tumors positive for

at least one new L1
Insertion



Vol 436[14 July 2005/doi:10.1038/nature03691 nature

ARTICLES

Mammalian mutagenesis using a highly
mobile somatic Sleeping Beauty
transposon system

Adam J. Dupuy’, Keiko Akagi', David A. Largaespada®, Neal G. Copeland' & Nancy A. Jenkins'
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Figure 2| Adult double-transgenic mice die from cancer. a, Survival curves  double-transgenic mice. ¢, Southern analysis of BamHI-digested tumour
showing decreased viability of double-transgenic mice: yellow, RosaSB; blue, DNA. Each band represents a separate SB transposon integration. LN,
T2/Onc2; red, double-transgenic. b, Age at death and tumour type of lymph node; M, mass; SP, spleen; TH, thymus.



ERG (frequently mutated in cancers)
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SB-induced mouse Iskow et al. 2010
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FUT8 (Fucosyltransferase 8—linked to tumor invasiveness)

Dupuy et al. 2005

(SB-induced
mouse tumor)

Iskow et al. 2010
(human lung tumor-
somatic)

Dupuy et al. 2005
(SB-induced
mouse tumor)
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ABI-2 (ABL-Interacting-2; antagonizes oncogenic potential of ABL)

Dupuy et al. 2005
(SB-induced mouse
medulloblastoma)

Iskow et al. 2010
(human lung tumor)
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Transposon-seq revealed that rare Alu, L1 germline insertions
are highly abundant in human genomes. Likely to have greatest
Impact on humans because selection has not yet fully acted on them.

Somatic L1 insertions also occur at high frequencies in lung
tumor genomes

Both germline and somatic insertions may work together to initiate
and then drive tumorigenesis by hitting specific genes

Provides a new mechanism for mutagenizing cancer genomes in
addition to point mutations, DNA repair, large-scale rearrangements

Once integrated, L1 might also promote large scale chromosomal
rearrangements that are commonly found in human tumors
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