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ABSTRACT. Transposable elements contribute to the size, structure,
variation, and diversity of the genome and have major effects on
gene function. Sequencing projects have revealed the diversity of
transposable elements in many organisms and have shown that they
constitute a high percentage of the genome. PCR-based techniques
using degenerate primers designed from conserved enzyme domains
of transposable elements can provide quick and extensive surveys,
making study of diversity and abundance and their applications possible
in species where full genome sequence data are not yet available. We
studied cassava (Manihot esculenta) En/Spm-like transposons (Meens)
with regard to genomic distribution, sequence diversity and methylation
status. Cassava transposase fragments characteristic of En/Spm-like
transposons were isolated, cloned and characterized. Sequence analysis
showed that cassava En/Spm-like elements are highly conserved, with
overall identity in the range of 68-98%. Southern hybridization supports
the presence of multiple copies of En/Spm-like transposons integrated in
the genome of all cassava cultivars that we tested. Hybridization patterns
of Hpall- and Mspl-digested cassava genomic DNA revealed highly
methylated sequences. There were no clear differences in hybridization
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pattern between the cultivars. We did not detect RNA transcripts of
Meens by Northern procedures. We examined the possibility of recent
transposition activities of the cassava En/Spm-like elements.
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INTRODUCTION

Transposable elements (TEs) have been classified into two major superfamilies
according to their transposition intermediate and transposition mechanisms (Finnegan,
1992). Class I elements (retrotransposons or retroelements) move and amplify through
RNA intermediates, which are reverse transcribed before their integration into the nu-
clear genome. They are the most widespread class of eukaryotic TEs (SanMiguel et
al., 1996; Lander et al., 2001). Class II elements (DNA TEs) move by excision and
reintegration via a DNA intermediate; they transpose by a “cut and paste” mechanism
mediated by a transposase that recognizes their short terminal inverted repeated (TIRs)
sequences. Enhancer/Suppressor mutator (En/Spm) TEs belong to this class.

Peterson (1953) and McClintock (1954) independently discovered the En/Spm TE
system. Peterson named the autonomous element Enhancer (En), while McClintock called
it Suppressor-mutator (Spm). Autonomous TEs consist of sequences that are required in
cis for transposition and express trans-acting proteins, whereas the non-autonomous ele-
ments do not express these proteins and can only transpose if the proteins are supplied by
an autonomous element elsewhere in the genome. The non-autonomous element is called
Inhibitor/defective Suppressor-mutator (I/dSpm). En/Spm is the most thoroughly studied
member of the CACTA TE superfamily. The characteristic features of the CACTA ele-
ments are the presence of TIRs terminating with the sequence CACTA and the creation of
3-bp TSDs. Figure 1 summarizes the structural features of En/Spm of maize.

En/Spm transposons have proved to be useful in the isolation of many maize and
Antirrhinum genes (Luo et al., 1991; Tissier et al., 1999). They have the advantage of exhib-

Figure 1. Structural organization of Enhancer/Suppressor mutator (En/Spm) of maize. En/Spm is an ~8.3-kb DNA
transposon flanked at the termini by terminal inverted repeats (TIRs) shown as triangles. Exon sequences for the two
genes of En/Spm are shown as shaded boxes: TnpD codes for the gene product TNPD or the transposase, while 7npA
codes for TNPA. The open boxes represent the introns. TNPA protein binds to the sub-terminal sequence motifs (each
12 bp), which are scattered within ~180 bp at the 5’ end (nine) and ~300 bp at the 3’ end (fifteen) shown. At the 5’ end,
the most internal of the TNPA binding motifs overlaps with the TATA box, which exists as TATGAA in En/Spm.
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iting frequent reversion of the disrupted gene to wild-type due to excision of the transposon.
Suppression, a phenomenon characterized by the ability of an active transposon to change
the degree of the phenotype produced by an insertion without excision, is another attribute
of En/Spm, which may contribute to tagging effectiveness. This depends on the TnpA gene
product of En/Spm, which acts by binding at the sub-termini of En/Spm or I/dSpm elements
and interfering with transcription of the host gene (Grant et al., 1990, 1993).

En/Spm has successfully been exploited as a tool for functional genomics in Arabidopsis
by using it to generate mutant lines (Wisman et al., 1998; Tissier et al., 1999; Speulman et al.,
1999). The present study assessed the presence and activity of En/Spm-like transposons in cas-
sava. En/Spm-like transposons could be used to elucidate the apparently subtle actions of genes
and might have potential as a tool for genomic analysis and biotechnological development of
cassava. To date, there has not been any published information as to the presence and nature of
En/Spm-like transposons in cassava.

MATERIAL AND METHODS

Plant material

Young leaf samples for the isolation of DNA and total RNA were obtained from vari-
ous cassava cultivars. Cassava plants were grown in the tropical glasshouse at the University of
Bath at 22-28°C, with a relative humidity of 40-80% and a minimum light period of 12 h per day
under daylight, supplemented with 400 W Phillips high-pressure sodium lights when necessary.

PCR amplification of transposase fragment of cassava En/Spm-like sequences and cloning

The polymerase chain reaction (PCR) method used was as described by Staginnus et
al. (2001), with some modifications as follows: 50- or 100-uL PCR mixes contained 50 pmol
of each primer, 0.5 mM dNTPs, 3 mM MgCl,, and 250 ng template DNA, using a PCR cycle
0f 94°C (2 min), 35 times [at 94°C for 1 min, 55°C for 1 min and 72°C for 1 min], and at 72°C
for 5 min. Amplified DNA bands were gel purified (Qiagen, Qiaquik), ligated into pGEM®-T
Easy vector (Promega) and used to transform competent Escherichia coli DH50 according to
standard procedures (Sambrook et al., 1989).

DNA gel blot analysis

Cassava genomic DNA was isolated from young leaves by the method of Dellaporta
et al. (1983). Restriction digestions of genomic DNA (5 pg each) were carried out using buffer
and reaction conditions specified by the manufacturer (Promega). Blotting and hybridization
were performed using standard procedures (Sambrook et al., 1989).

DNA sequencing and sequence analyses
DNA molecules were sequenced on an ABI 337 automated dye primer sequencer

using universal primers for the cloning vector. Initial confirmation of sequence identity
was by BLASTN and TBLASTX searches against the GenBank non-redundant database
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using the default parameters (Altschul et al., 1990). Sequence data were aligned using
CLUSTAL W (version 1.82) (Thompson et al., 1994).

Wounding and incubation procedures

Wounding stress was induced in cassava leaves with a modified method of Takeda
et al. (1998). In one set of experiments, leaf discs were prepared by cutting young cassava
(cultivar MCOL22) leaves into discs of approximately 1 cm?. In a second, the leaf segments
prepared from young leaves were stabbed with the points of a forceps about twenty times.
The leaf segments (stabbed or unstabbed) were then incubated on 0.05% 2-[N-morpholino]
ethane sulfonic acid (MES)-KOH buffer, pH 5.7, at 25°C under ambient light. MES is gener-
ally used in tissue culture to prevent oxidative degradation of biomolecules. Leaf samples
were taken at 2, 4, 6, 8, 12, 24, and 48 h from the incubation mix, rapidly wrapped with
aluminum foil and submerged in liquid nitrogen. These were immediately ground to a fine
powder with a mortar and pestle and the powdered leaves stored at -70°C until required. Total
RNA was isolated from the powdered samples of leaves as below. For the root, the conditions
for deterioration experiments were as described by Han et al. (2001).

RNA extraction and Northern blot procedures

Using 2-mL nuclease-free microfuge tubes, RNA was extracted from the homogenized
tissue using the Promega SV total RNA isolation system with some modifications to the specifica-
tions of the manufacturer as follows: 350 pL lysis buffer was added to 0.09 g of the ground tissue
in the microfuge tube and mixed by inversion. RNA dilution buffer (700 pL) was then added and
the contents again mixed by inversion before centrifugation at 13,000 rpm for 10 min. The cleared
lysate solution was then transferred to a fresh microfuge tube by pipetting without disturbing the
pelleted debris, and the centrifugation step was repeated. A volume of 400 pL 95-100% ethanol
was added to the clear lysate and mixed by pipetting four times. The mixture was then transferred
to the spin column assembly and spun at 13,000 rpm for 1 min. The rest of the protocol followed
procedure E (RNA purification by centrifugation) of the kit manufacturer (Promega). Total RNA
was extracted from cassava storage roots using the method of Chang et al. (1993).

Ten micrograms total RNA per lane was electrophoresed on a 1.5% agarose gel con-
taining formaldehyde and blotted onto a nylon membrane (Hybond N+, Amersham), accord-
ing to standard procedures (Sambrook et al., 1989). Hybridizations were carried out at 65°C
overnight, after which membranes were washed at a final wash stringency of 0.2X SSC, 0.2%
SDS for 20 min at 65°C. The membranes were then exposed to Fuji X-ray film and incubated
at -70°C, and the autoradiograph was then developed.

The nucleotide sequences described here have been submitted to the GenBank data-
base and given the accession numbers AY946045-AY946084.

RESULTS

PCR amplification of cassava En/Spm transposase fragment, cloning and sequence analysis

PCR was carried out as described in the Material and Methods section above. The
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amplified products were analyzed by electrophoresis on ethidium bromide stained 1.0%
agarose gels (Figure 2).

10
0.7

Figure 2. Polymerase chain reaction (PCR) amplification of En/Spm-like transposase fragment from cassava genomic
DNA. The PCR product was run on a 1.0% agarose gel stained with ethidium bromide. The size marker (lane M) is
Bioline DNA 100-bp ladder while the PCR product for 50- and 100-pL reaction mixes are shown in the right lanes.

Approximately 650-bp putative fragments of the transposase domain were ampli-
fied in PCR. The DNA band was gel purified, and the purified DNA was sequenced di-
rectly using the PCR primers. The PCR product sequence was then submitted to BLASTN
and TBLASTX searches. These confirmed that an En/Spm-like transposon fragment had
been amplified in the PCR experiments. The cassava element was 67% identical (within
the region of the alignment) to the En/Spm-like transposon of Daucus carota (accession
number AB071202) at the amino acid sequence level (Figure 3). The cassava sequence
(Me) had unresolved ambiguous nucleotides within the overall sequence. This ambigu-
ity suggested that the PCR band represents a population of diverse individual members
of En/Spm-like transposons. Subsequent to cloning, randomly selected clones were fully
sequenced. These sequences showed clear homology to the transposase of En/Spm-like transpo-
sons (in most cases E-values from BLAST searches were in the region of E*3).

Me: 103 ICRRPEIKKDPISGKYPKACYCIDHQSKMITCDWLKIXKFPDGYVSNIGRCVDSRKIRLF 282
+CRRPEL D + KYPKACY ID + K +C WL+ KFPDGYVSH+GRCHD +K +LF
Dc: 132 ICRRPELAIDESTRKYPKACY SLDKKGKE AVCKWLODIKEFP DG YVSHMERCTIMKKYKLE 311

Me: 283 GMKSHDCHVFMDR 321
QMKSHDCHVEMDR
De: 312 GMKSHDCHVEMDR 350

Figure 3. Alignment of amino acid sequence of cassava Meen (Me) polymerase chain reaction product with that of Daucus
carota (Dc) En/Spm-like transposon-transposase (accession number AB071202). The two sequences share 67% identity.

Phylogenetic analysis

The nucleotide sequences of 40 unique clones representing cassava En/Spm-like trans-
posons (Meens) were aligned using CLUSTAL W and highlighted in GENDOC version 2.3
(Figure 4). The alignment showed that there is a high degree of nucleotide sequence conserva-
tion among the cassava En/Spm-like transposons with overall identity in the range of 68-98%.
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heens32 APETAAGANTGTATTTEASAA TATEE T EAIAGEATIATGARE CTE GACCCARGACRA A GALAA TRTAANIT CA 100
heensdl AT ﬂ..wmummﬂllc,-g,m.-.mn,w,\ <G TEATEART A RGACAAAAGAGA A TRTARNRT A 68 100
Meens39 AP TOALAAGANTETARTTEASAATATEE TEAARAGERTIATGART CTEACCCAAGACAL A \CAATATACAAT CA \GATET 100
Meensd42 AT TEAARGAATE T AT TTBASATATER TEAARALCOTATGART GTE A CCCARGACRAANGAC A TRTAR AR T SOUCAAETE T 100
Meensd AP TOARAAGAATET 1|WA1A|“IIM’L\.rGl,r(\mAAlulGMtu.-“t-AGA(M&A(AU«;.IAIMxAIU 100
Meensil A ‘JI'»W\AG"«\TGIAMIGJ‘Yt".r\IAI“IL\A'A TRATGARE GTEGAGOCARGACARAAGA "IATMMIL.\. 100
heens?2d AT TDARAREAATE T AT TRASA TATIE T EAAIAG |?YWI(IG(A(H”M(‘A(M‘A(.‘ 100
Meensd ST ‘.\,&'.A(‘,'J\IGI AATATER T RAATARES 1 SATEART GTEGAGOENAGACARARGABAA TRTARAR T CA 100
Meens37 AT TEAAGAATE T STAT IR TEAMEAGEOTRATEARE GTEGACOEARGACMNIGALAA TRTAANT CA 100
Meens3l ‘y.n-M.'.AG'.,\Tclaﬁnc\:c'mmnmv.m 6T EATBART GTEQCCEMAGACMAAGABAA TATAANAT CA N 100
Meens1S AP T AGAATET AT TBASMATAT I TEAARAGEATATEART CT A AT 100
Meens48 AT TOARARGAATE TR TTRASAATATER TEAATABEETEATEART CTEAGCC gunw‘_a T 100
Meens19 A TEOARARGAATETAS T TRACAATAT I TEAARAEGTEATEART GTEACOCRARGACAARGABAATATARAR T C4 «GA"IA»‘«‘I”MHI 100
Mecns16 A TR ARGATET A T TEAEAATAT IR TEAATAEETSATEARY GTEACOCMAAGACRAANGABAA TRTARART CARGUGH GATI A0t A IR
heens2? -u-.n,.wae-ucw)}u AATATIER TEAARALRG TEATEARE GTEGAGOCIARGACAAAACA "IAYMMIu\ xGATIIA:bI.MﬂI 100
heensl8 A ll,l»'.A.‘Acmmle(‘m AMTATER T IAAIAD |$:dwn| GAGG( GACRAARGARAA TRTARAR T CA rGMG““'N-i'W | 100
Meens29 VAR TARARGANTG T lIGA”.'\M.\l"ll.v.l,\OqGI,ALer?l AGCAEANGAEAGACAAT ATARAR T CA rmacam'éfv,-,',m:' 100
heens2s AR TEAARGANTGT A TTEAZATATER TEAARAGEGTISABIART GTLIGACOCSARGACANIGAGAA T ATAANT CATGEGAABATE TAN SRR 100
heensds AR TEALAAGANTET A TTEASAATATER TEAARAGIATSATEART GTEGAC (ARRECMAIGACAATATAANT CA CGAAGATE TA TR 100
T § T AR G ATET A TTEASATATER T EAEALIGTUATEART GTEAGCGEARGACRAA GAGAA TATARAAT CA f&hﬂnlﬂf-:]w T 100
o X T AAARCAATE T A TTEAZAA TATIR TEAARA LG TUATEART GTEGAGCAEARGACAAAR GABAATATAR AT CAUGEGAAGATI TANTS Al 100
o T § T EARARCAATET A TTEAAATATER T EAARAGIGTUATEARE GTEGAG OGS ARGACRAAR GACAA TRIIAART CATGEGAAGATI TA |;AA"I 100
hecnsd? AT AR TR A TATR AR IATEARE T BN RAS A TRIEL A TCA SeAAGATE T A xR
heensdd AVAR T EARAGAATG T IIGA‘AAIAI“II»V«'A TUATGART GTRGAGOGEAAGACARAN ATR pwu«” r(SAAGATIIA»‘\.I 100
hecns20  © 2C II;M:.AG'J\Wlmum ATATER T EARADRG T UATEARE GTRGAGG( GACARNACA ‘..‘\IA}’»',AI(Vnﬂ(&rM‘\CA"lk‘.ilw 1 100
heens2d H ‘\’{ 'I’ »&,‘M'u\'l(]lwlIgf\'n\/\lﬁlnlh‘v’\'f\ IW\'W'(?IG(IN(lWAQ(M\ﬁ(.’ AATA AATCA «Cﬂ"lk‘.hlf T 100
AR o I T A AGATE A TTEAATATERTEAAEA ATGART GT G GAGCCSARGACRANA GG/ A TATISANAT CATGEGAAGATE TAN TIART 100
Meens21 AR EALAAGANTET A TTASAATATER TEAARAGIGTIATEART G GABAATATAANAT CA (AT 100
heens28 ETARARGAATETALTTEAR A TAT R TEAAEACORTUATGART CTEAGCGEARBE ARG 4 : 100
heens? AT ARARGANTET A TTEADAATATER TEAATACTATGART GTE A GCQEARGACTEAN GABAATATARART CA Ay : 100
heensdd Ql;ww.mmunmA”w,\mmmd“uunwm.muuu)e,ucme ABGABAATATARART CANG EGAABATE TR TIEAR 100
Meens10 \:,.n;,wmmmuum AATATEETEAARADEE THATGART G TEGAGGEAAGACAAAA GA '.."lA'I'M;.Mu\A SCAAGATE T A A 100
Meens?6 'v,‘JI;;\AfMV\TGI IIG’\K‘\AI.\I"I"\/‘J»'%I JEART GTRGAGE( '\A(Aﬁ,‘.A(.K(‘,’u"IAIM\AI(ﬁA rGA,ﬂ(A"lA,“Sl ‘1 100
heensla ‘\"hllgfh'&(‘;u\lclwlIGA”MMI"ILVJA 1 \!Wl‘(‘lﬂllfH)'[AGMW‘A(-“C‘uﬂlAtM\Ah"ﬂa rmﬂu\"lk'-ilw‘l 100
Meens3q NPT SAARGAATET AU TTEAZATATERTEAARAGEGTUATEART GTEAGCCARGACALMNCAGAA TATARAR T CAZGGAA GATE T A TIARST 100
heensl2 ARART A 'AG'u\TGlaulI('y'«”.\m.‘.l‘l"l’l'l,v.l»‘u LT eATRART( CAAGACAANACALAA TATAANAT CACELeCAAGATE TANC T eARLTT 100
Meens|? AR T ARG ATET A TTEAZAATATER TEATALLG T EATEARG GTEG \CAATATAANAT CA 100
k:ns:S \;;.;l;,wm-u\}gmxlg\”.ua,ugl}uy. o lb\}&‘{:t’ilg( G A I’A?'I'AA,\A;IL’)‘." T 100
Meens! ARAT T A AN ATHTIR ITTERADAATATER TR AASARUG TOATEA S GTEAGGC .' NECALAAT ETCA T 100
heens22 A Y |m1|m”.m1,\|M|’2s_:'2,\|“AT QGAC 3 'P("u“ltll;‘." 1 100

A AT AsAagAAtgla TTgA AATATIE TEAAtAc gT At gAat GTgGaGGG AagaCasAaGAcAATat 0aARTCA g gaAgattTaA T an T

heens32 AT CUAGIAGACEAGART T GAAGAMGAT CRAR T AGOGE M TAT CEAMAG CHIGT TATTET TG G/ AR 200
heensdl N1 QAT GACEAGAR TT GAAGABAGAT CEAR TIPAGOEG AT AT CCAAAGCARGTRATTG TTTGGA AR, 200
Meens39 A QUAGIA GACEAGAA TT GAAGAMAGAT CBARTION AATATCCAAAGCAGTTATTGTTTG G 200
Meensd2 ATQUAGIAGACEAGAATT GAAGAAAGAT CCARTIOA .*.MIAIouw.caﬁcm.ncn‘rcn:vy A AGGITACTEIGTGATT 200
heenzd T UAGA G CBA GAR TT GAAGARACAT CRART EAGEGE) ARATATCCAAAAGCHGTTATTET ITEGARA A NG TACTGIGTCATT 200
heensil AT LA GACEA GAR TT GAAGARACAT CEAR T JAGOGE  ARAT AT CCAAAAGCHAGTRATTG T TTG A A MQITACTGICTGATY 200
heens23 < SAGACEAGART T GAAGABACATCRAR T AMATATECAAARC lYAIl‘Glﬂcrfg 3 TACTBIGTGATY 200
Mecnsd AT QAR CEAGAR T T GAAGABACATCRAR T LA TR T COAMAGCRRG T TATIG T TTGGAIAR, TACTBIGTCATT 200
hecns37 AT LA G CEAGAR TT GAAGARAGAT CEAR T SAGOBG M TAT COAAAGCHAGT TAT TG T TTG GRS TACTRIGTCATT 200
heens3l ATC A CA‘.TA(&MICMG’M(-‘\TCUAI’?\G“ SAATATCCANAGCAL !T;’.YTGITTG(L‘\,'{.‘- TACTGIGTGATT 200
Meens1s T(Mamcx;\r:.mIGMC.‘M(-\TCUM ccco".wmuam.-.ccd‘cm.rrcrnc-:;- WA 200
heenzd8 AT UAGT A GACEA GAN TT GAAGARAGAT CEARTBAGEGE  ABATATLICAA AG CHGTRATTT TG G+ 200
Meens19 TQUAd, mcou.wlGAA&.AA(ATc.U.Al;AGOGG”WIAI AMAGCARGTEATTETIDGGASALES 200
hecnsi6 T UAGTGACRA GA T GAAGARAGAT CBART EAGERE  ABATATLICAAAAGCHGTRATTG T ITE AR A GTGATT 200
heens27 AT ACI A CEA GAR T GAAGABAGATCBART A TAT LA AG NG THATTE TR G TACTGIGTGATT 200
heensl8 T CCARCAGACEAGAR T T GAAGABACATCRAR T .-Mlmcca.wacuﬂclle'cxnc(.)‘ AACHETACTBIGTCATY 200
Meens29 AT rrarx;u.wlCwC-G'MmT(r,MImGoaf:MmIcuw.m'erLﬂerlEmr-'g, L AT ACTBIGTCATTE 200
heens25 AT QAEA A COAGAR TTIMAGAMGATCOART A TATEOMAGCRRG TTATTGTTTGGAS "rgch!r 200
heensds AT CoAREAGH CBAGAR T T GAAGANAGAT CBAR T RGO \BATAT CCANAG CRGTTATTGTTTGGAS AR NG TACTGIC 200
Meensh AT UAEAGH CEAGAATT GAAGAMAGAT CRARTAGOGR o\ AA TAT CCANAAGCAUCTTATTE T TTE GAJAR ATACTGIGTGATT 200
Meensd6 ATQAGCAGA CEAGAATT GAAGAAACAT CRAAT L IGCEGE AR TA T CCAAA A CAUGTTATTETITE GAgy/ STGATT 200
Meensd0 Tt).r(Al'.O\lr‘.AllGM&M(AT(.UmAlul ABATATCCAAAAGCALIGTRATTETTTGGA 200
Meensd? ATGOARCAGACEAGAA TT GAAGARACAT CRART SAATATCCAAAGCALIGTTATTGT TG GA U 200
heensdd I GRAHCAGACRAGAR T T GAAGARACAT CRART ‘MIAICCA»W‘GF TTATIGTIIGGA ” I H‘: 200
heens20 AT GRALCACACEACAR T T GRAGARACATCRAR T ABATATCCAAMAGCAIGT FATTE T TTGGAUAN ‘-fgl(”lkcl ¢ 200
heens24 AT GRAGEAGACEACART T GAAGAMCAT CEAR T AGCERE\MA T AT ECAAMAGCRUGTRATTETIIGE G ’»'-")f,lC”MCIGIl' 200
heensdld AT GRAGEAGACEAGAR TT GAAGAAACAT CRAR TUAGEGE o\ AA TA T CCAMAGCAUETATTET TTE G/ TG ACTGIGTGATT 200
Meens21 AT GOAEAGA CEAGAATT GAAGAMAGAT CRARTAGOBGE WA TAT CCANAA B CAUCTTATTET TTEGAYAR TG TACTGIGTGATT 200
Meens28 AT GRAEAGA CEAGAATT GAAGAMAGAT CRARTAGOGR S\ M TAT CCAAAGCAUETTATTE T TTE GAA ST TACTGIGTGATT 200
Mheens? AT GRA rtac:»\kullw&M(.\Tu‘.uluA ABATATOMAAAAGCALETFATTETTTGGA f.:‘.)‘I STACTEIGTGATT 200
heensda (T SAGEACH DA GARTT GAAGA A CAT CBAR TUAGOIY ABATA T QA A AGCAUGTTATTG T TTGGAJA A ATACTGIC 200
Meens10 AT CSAEA A CBAGAR T TTMAGARACAT CRAR T SBATATCCAAAAGCALIGTTATTET TG GA ACHGTACTGIGTCATT 200
heens26 1 CACACEAGAA T T GAAGABACATCRART WAATATECAAMARCALE T TATIG T TG GA ” A W(ﬁ:mm’l( TGATY 200
Meensld AT COAHCAGACEAGAR T T GAAGARACATCBAR T (;ocn':umlcc&\mﬁ( TRATTETIRE AN 2 "l(f 200
Meens3aq T CRAGIAGACEA GAR T T CAAGARA AT CRAR T UAGEEEL M T AT CCAMAGCAUET TATTET TTG G0 XeA (o4 200
heens12 AT COARTEA A CRAGAR TTRAAGARAGAT CRART|[EG060 A TATCCAN A CRG TTAT TG T TTG G/ AN 200
heens!7 AT CRAGEA GA CLAGAR TT GAAGARAGAT CRART|JAGORG M (e TCCAAAAG CARG TTATTGTTTG oA 200
Meensz3s T GRARTEAGA CEA AR TT GAAGARAGATCRAR T ARATATECAAAAGCAGTRATICTITG G384 200
MeenzB ST GEEA (S CRAGHE TV CAT AT SATATA A AGQETIATIG TG 200
heens22 QAT CATCEE QR Lecard) JOGONCATATCOPAAAL TRATLE T eIPGa 200

216G g AGACCAGANTTgaagAsnGAl CcAaT agegg AnaTaTccalMAgCa qTtATtqTt1gGA Ap AAtC AAG tg TacTgt GIGATTgg

Continued on next page
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Figure 4. Continued.
Meens32 ARTTECCH AT TCTRICCAATETAGCEAGA T GTET T TAGTCEANAGE T FABAC T2 T TR GEAT CAANeGRUACCAR TETH 300
heensdl VWATTECCH SATLTCTRICCAATETAGGEAGA ST T e TAGH '-'\AGCTTM‘ACIGH AJG ACGAETETS 300
Meens39 WATTEEC f@f.l”nilﬂcmﬂmaaam TTLETAGTCE  AGCTRABAC T TT AT CALRAGQUACGAETETT 300
Meenzd2 wunoccruf ATSTGTRICCAATETABGRAGAT GTET TR TAGTCE A AGE T FABAC T2 TREGRAT GAARAGOUACGARTETH 300
heensd AR TTEECTART AT AT CTITGRATETAGCBAGATCTE T TN T AGTOEAAAGETFAGAC TR TRGGTAN CAAAAGEUACGAL TG TR
Meensil WART |cc<:ru TGTRICCAATETACGERABATGTET |$|AGIC(’AAGCITAGAC|”| TRECIAN CAARAGIACCARTE T 300
Meens23 ATTECC TCTRICCAATETABCRAGATGTE T TR TABE ~.'.AGCITAGAC|“H&¢TM(NM ACCARTET 300
Meens9 ATTEEC TR GTRTECHATE TAGCBAGAT G111 AR T AGTOUIAAGE 1 RAGAG 1 81 1REGTAY CAARAGRLIAGCAL T 61() 300
heens37 ATTECCH AT T GTRTECRATE TAGCEAGATGTET TR u/\cwtﬁ-'mll‘nacxar |ﬂcr.‘rf.n AMBAGEUACCAETETH 300
heens3l A TTEECTYAAATAT GTRTECRATETAGCEAGAT GTETTe TAGTCOAGE T TABAGT T T GRAT CAARAGRACGACTE TR 111
Meensl5 @ WATTCCCTA ATOTGTETCCEATETAGCEAG 1 TAGTCG M AGETTABACTR T T DGEAS GAAANT g 300
it |5 AMEACTRAARTTECCT rf.l”r(:lm-c(;;ncm(«&& TETT E TAGICE AAGET TABAC TR T T D GRASGAA A0TYTY 300
Meensl9 TEAAMCACTRAARTTCCCTASR AT TGTRTEC r\lCIAC(GAG.:ruGlI”MG!’O@AA(IITA(‘ACI TTLGRASGAA SACGARTYTH 300
Meensib @ TEAAAACACT Ju\AIICC(ITu rAl”ll-lﬁC(){Alcm@.GA(-,:lL-lcl T AGTOEIAAGE TRABAG TR T T DGT A AL SACGARTYTE 300
Meens2? G u'u\AUtII”.‘MI |CC<:I’u rAl”u-ll’TCthCIAG. BAGATGTETT IAGIC(ﬁ:AGCII'A(‘ACI GEASGAA SACCARTYTY 300
Meensi8 IW‘J\N\UI‘I 'u‘\AIICC(tI}r, AT TGTRICCRATE TACCRAGA T GTE T 1 & TABIC, MGCIM(‘AC!HHW(TAI(N ALCARTETE 300
heens29 l.-/.,-..muftru,bulltﬂc < ; 3 16T 1T AGE ARGETRAGAGT T TUEGRAT CAARAGEACCAR TET 300
heens25 WAAAABACTIEAARTTBECH(e 1 TAQE r-djclﬁf.mmuvxu@'-'rf.Ir.NM NECAETETH 300
Meensds rwu'umu':l’r(uunocc‘l”f TAGTCXC AGET TABACTY TTUEGTAT CAARAGEACCAE TET 300
Meenss TUAAAACACT SARTTEECHEA C TAGTCGEAGE T TABACTY T TUEGIAT CAZAAGEACGAETETY 300
Meenzdb TWJ»\M‘ACI’?\AAHOCCI’:;‘ (GAG TAGTCEAAGET FABACTY TTUEGIAT CAARAGELACGALTETH 300
Meensd0 TAARTTEECIEARGREATY T GTETCCRATETAGCRAGAT GTOTT T AGTOR S, CCTTABACTUTTUEGRAY GAARAGEDACGARTETH 300
Meensa? ARTTECCHEASGEATIT GTRECCAATETACCRAGAT GTITTIEITAGH GCTTABACTUT TUEGEAY CAARAGEDACCARTE T 300
Meensd4 VWATTECCHE, CATUTGTRTOCAATETACGRABAT ( |Q| I TABTCGEAAGE T TABAG T lluCtTAl(AfM mwecat1erg 300
Meens20 AT TEECHE mlHH TTICCAATETACCEAGATGTET 1 TABE .'.A(‘\CITA(‘ACIHI TUSGIAN GAARA A6 300
heens24 AT TECCHATXATYTGTRICCRATETAGCEAGA T GTE T TiE TAGTCGE\AGE T FAGAG T T TEGEAT GAARA AQTETG 300
Meensd3 WATTECCH, SATYTCTETCCAATETAGCEAG TAGE NAGETTABACTYTTUEGRAT GAARN LCAETETH 300
Meens21 VAT IOCC‘I"{ G Ju!liIISI’C(A»ﬂCYA&M TAGTCGE AGET TAGAC T TTUEGRAT CAARM ALTETG 300
Meens28 ARTTEECHEASREATYTGTRTCCAATETAGCEAGA TAGTCEE AGET TABACTY TTUEGIAT GARAGEACGAETETH 300
Meens? : sARTTEECIA CATUTGTRTCCAATETAGGRAGA TAGFCGEE AGCTTABACTTTUEGIAY CALAAGE ACGAETETH 300
Meensdd T fMﬂ.t‘Al:l‘,b&Al ICC(,T‘: SATUTGTRICCAATETACGRAGA TAGTCGEAGCT FAGACTY TTUEGEAN CAAAAGELACGALTETH 300
Meens10 THAAAABACTBAAAT |(:t:(:l’=;\l CATYTGTRICCRATETACGRAGAT GTE T T TAGICESARGE T RAGAC T T TUEGRAN CAARAGERACGAL TETH 300
Meens26 THAAAABACT AR T TEECHEABREAT LT GTRTCCRAT G T ACCRAGATGTE T 1 T AGE ARGE T FAGAG 11 TS GRA CAARAGERACCAR 1610 300
Meensl4a THAAMBACT AN T TBECIEALREATY T GT BATETACCEAGATGTRT TS TAGTCEOAGE T FAGAG 1T TS GIAT CAABAGEACCAR 1T 300
Meens3q TUAAMABACT SAA T TEECTEAUREATY TGT UCAATETAGCEAGAT GTR T T E TABTCRAGE T TABAC T TTUEGEAT GAARAGEIACGAE TE T 300
Meensi2 TPAAAACAC »\AHECCT.P/ AT TGTRTCCAATETACGEAGA TAGTCG AGETTABACTY T TUEGRAT CAARAGELACCAETETH 300
Meens17 TIAAAABAC .,wroca’rf ATAT GTRICCRATETAGGRAGAT GTET T TAGTCRE AR TTABACTYTTLEGTAN GAAMAGEACGALTE T 300
Meenz35 TQAAAALAC V\A';H[Et;';x\ rAl”rt:l‘chaMgr'A_&g& € TAGE -.'AGCIIA%(%I”Ilm(;l’Al(hUM SACGALTETH 300
Meens8 TEAAAANICT ST T RICHEAUR AT T GTRTCCAATETEBARREAT GTITT SAEBC T AT e TTUE AN CALAR D AUGAETETH 300
Meens22 .'f‘ﬁ« l:lml Illf(,..: rm”u-ln'cwunl RC AT GIT T T AL YT ARGE T (EA Ry |u(.._.um .“U{ ATETY 300
el AAAACACT AAaTTceCt A g AT TGTtt cCaATcTagCgagATGIglT TAgtcg AageTtAgacT TT gGt At GAAsage AcGAcTglc
heens32 TECARCORATAANGAGA GETRAGEART TIYT TRAGA CRACT 400
heensdl STHTEACANCOMTAAGAGA GETTAGEART TTLIT T TAGAGRAGT 400
Meens39 C s s GTRTECAACCAATAACACA GETTAGEAAT TTUT TTAGA GRACT 400
Meenszd2 AL TEE TCATGCAACGAA TTETI CCTANACG TCII?A”M.';» TTEITAG GTETECAACCAATAACACA GETRAGEAAT TTT TRAGA GAACT 400
Meensd T T CATGCARCGAR TTETTCCRATAGCIETEAA G T TSI TAG GTRTECAR CORATAACAGA GETIAGEART THJT TRAGA GAACT 400
ot (A | CATCCARGGAR 11T TATACCTE | AR T 51 1A GTHTECAR CORATAAGAGA GETEAGEART TTJT T TAGA GRACT 400
[TV I T T T CATGCAACGAA 1 TE T TCCRATAGCIC T CAL B TAG TE T AR CCAR T AACABA GE T FAGEART 1 TTAGAGAAC T 400
Meensd  : TERTCATGCANCAR 176 T FCCIATAGCTG T GG TS 1A TR AR COM T AAGARAGE T RAGEART T TLIT T TAGAGRAG T 400
Meens37 AILTEE TCATGCARCGAA T |cm'x:mw:m:luﬁm:.gl TR TA CTRTELCAACCRATAACABA GETRAGEART TTYT TTAGA GRAC T 400
Meens3l CTETECAA CCARTAACAGAGETRAGEAAT TTT TRAGA GRACT 400
heensls Z 400
heenzd8 CATIC [ G ONRIG AL 400
heenzty ;B : : 3 AT TA 400
Meensib ACAITTERTA STETRECARCCARTAACACA GETRAGEAAT TTYT TRAGA GRACT 400
Meens2? AT E Y 1CIT<(:I'AIA(1.‘ICIW(:.- G STETRECARCCRATAACACA GETRAGEART T TTAGAGRACT 400
Meensi8 o\ -Innsmcmocmucnuzm GCIC T EAS (.‘.all ¥ T ACLHCA TNAHIllé‘rf,‘\k(('-#U.‘ACA(-;.!CIIA(C\AIHu TTAGAGRAC | 400
LT R T T T CATGCAACGAA 1T T T CCRA AATAATGTET rc'.anyzmu@mrwvmn’:nmwmm 400
heens2s ’ GTETRSCANCOM TAAGABA GET RACUART TI0eT T TAGAGRAC T 400
MeensdS GTRTRCCAACCAAT? ETIAGEARTTIT 1AM GEAC T 400
Meenss GTETRECAACCAN ....(‘Ac.,CIT,\(U\&?!“I‘E;IMGA(MCI 400
Meenszdb AJLETHN TCATGCAACOW TTETTCCRATAGCTET CAEAGAHE GTETECANCCARTAACABA GETRAGUART TIRT TRAGA GRACT 400
heensd0 A3 TR TCATGEARCGARTTE T T CCTANAGCTET CREAG TRl TAl GTRTRECARCC wmmmmunﬁ-:r[m.wml 400
PO LA 1 TN T CATGEAACGAR T TETICCRASAGCIE T CAAGA GTETECARCQUATAACABA GETEAGEART TIRT T FAGA GRACT 400
L UL LI - 1 1 1 F 1 CATGUAACGAR 1 1C 1 T CCRATAGCIE T CACAGA ) U lf,'.Al(&lfv‘.%\lCI'A(O\AYII’!‘II‘A“'.MCI 400
heens20 'J’rl“l(‘A"GC'*AmlICI‘I((ITA'AI.(T'CIW(.' TETESCARCCUA T AACABA GE T FAGEART 11T 1 FAGA GRAG 1 400
heens24 AJLE TR TCRRGEAACGAA 1T T FCCRATAGCIE T = GTRT rf,‘.AUMI-‘»‘.C&G‘-litlTMO»A‘ll!’:lIYAGMMCI 400
heensd3 0 400
Meens21 AGHETTSITA G 400
Meens28 AGLETTITA CAATAACACAGETRAGEAAT TH=I TRAGAGAACT 400
Meens? GTET rOKALLAAI»‘«A("AO«(-CIT»‘«O%ATI;EII:ITAGAILMCI 400
Meensd3 eTHE TCATGCAN JGAA TTE T CCRATAGCIE TEACAGAE TT SN T GTRTRECAACCAATAACACA GETRAGEART T TEAGAGRACT 400
Meens10 A3 THE T CATGCARCEAR TTE THCCRATAGCIG TERCAG STRT rcw<M1:.,xmt-,uc|m.(cmn:ﬁ:lmwMcu 400
LTV C T T T CATGCAACGAA 1 TE T T CCRATAGCEE T CALAGA TETREEAACCAA T AACACA GETRAGEART TIET 1 TAGA GRAC | 400
Meensla ;R ACASTTEETA THTECA CORA T AAGARAGE T RAGEART T 1IET T TAGAGAAG T 400
Meens34 SACAETT SR TAl 'AC(MI-"CAG‘-(CII'NC‘.A‘NT’:IHAGA(MCI 400
Meens12 ACSTTERTAl JAGAC P TTAGAGAACT 400
Meensl? CH.‘«:A(-';!H A G }ﬁﬂﬂ&(“ﬂ 400
heenz35 AGLETTITA \ACCAA EAGETRAGEARTT ,;Truwug 430
Meens8 Al COMITAACAGA G TIEAGEART T T AR GAAL T 400
Meens22 (c"i TAABREAQITAG me$t| 399
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Figure 4. Multiple sequence alignment of the nucleotide sequences for 40 transposase fragments of cassava En/
Spm-like transposons (Meens). The sequences were aligned using the CLUSTAL W program. Gaps (indicated with
dashes) represent deletions in the sequence. Color blocking (done in GENDOC) indicates sequence conservation:
Black = 100% identity, grey = 60-80% and non-shaded = <60% identity.

Study on the genomic organization and diversity of En/Spm-like transposons in
cassava cultivars

In order to gain an insight into the genomic organization of the cassava En/Spm-like
transposons, a representative cassava element, Meens 5, was used to probe a Southern blot of
the DNA from 10 different cassava cultivars separately digested with Bg/I1, HindIIIl and EcoRI
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(see Figure 5). Strong signals were obtained, revealing the presence of multiple bands after a
short exposure time, which suggests that many copies of Meens and relatives were integrated
in the genome. Incomplete digestion of the genomic DNA was ruled out because the same gel
blot probed with a well-characterized sequence showed only few distinct hybridizing bands
(data not shown). The data also suggest that Meens 5 cross hybridizes with sequences highly
homologous to the probe, represented by the strong major bands, as well as related diverged
fragments, seen as weak signals. The digests did not reveal clear differences in the hybridiza-
tion pattern between the cultivars tested (Figure 5, Panels a, b and ¢).

M123456789D112 M 123456789101112 M123456789101112
3. 31
924
6.
4

924

3
20

056

Figure 5. Southern blot analysis of En/Spm-like transposase of 12 cassava cultivars. Each cassava cultivar was carried
out with 10 pg genomic DNA. Lane I (MGAL1), lane 2 (MNGA2), lane 3 (MDOMS), lane 4 (MNGA19), lane 5
(MCOL22), lane 6 (CMCA40), lane 7(MVENT77), lane 8 (CG402), lane 9 (SM627), lane 10 (SM985), lane 11 (SM1088),
and /ane 12 (CM2177) were digested with Bg/II (a), EcoRI (b) or HindlIlI (c). The digested DNAs were separated on
0.8% agarose gels, transferred to a nylon membrane and hybridized with the Meens 5 probe. HindllI-digested lambda
DNA was used as a DNA size marker (M).

Methylation status and transcriptional activity of En/Spm-like transposons
of cassava

To determine the methylation status of cassava En/Spm-like transposons, Meens 5
was used to probe Southern blots of the DNA from 10 different cassava cultivars digested
with Hpall or Mspl. The hybridization pattern in most cases showed a strong smear over
a range of low to high molecular weights (Figure 6). These sequences were probably
highly methylated as revealed by minor differences between the hybridization pattern of
the Hpall and Mspl digests. These two enzymes share the recognition nucleotide base
sequence CCGQG, but Hpall is blocked by methylation at either C, while Mspl is blocked
by methylation at the external C only. The finding here suggests the presence of only few
unmethylated external cytosine residues in the sequence CCGG of cassava En/Spm-like
transposons, and therefore completely or near completely methylated sequences. In ad-
dition, when Meens 5 was used to probe the Northern blot of total RNA prepared from
cassava leaves and roots, as described in the Material and Methods section, there were no
detectable signals in the hybridizations.
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FIGURE 6. Methylation status of En/Spm-like transposase of 12 cassava cultivars. A total of 10 pg genomic
DNA from each of the cassava cultivars (as in Figure 5) was digested with Hpall or Mspl. The digested DNAs were
separated on 0.8% agarose gels, transferred to a nylon membrane and hybridized with the Meens 5 probe. HindIlI-
digested lambda DNA was used as a DNA size marker (M).

DISCUSSION

Using PCR degenerate primers, cassava transposase fragments characteristic of En/
Spm-like transposons were isolated, cloned and sequenced. Alignment of the nucleotide se-
quences of cassava En/Spm-like transposon clones (Meens) showed that there was a high level
of nucleotide sequence conservation among the cassava elements. The alignment of the puta-
tive peptide sequence of representative Meens with known En/Spm-like transposons of other
plants (data not shown) revealed identity at most positions that were conserved in the majority
of the elements compared.

These findings for Meens are similar to those observed for the En/Spm transposons of
Arabidopsis thaliana, Solanum lycopersicum and Elaeis guineensis. However, more diverged
sequences of En/Spm-like transposons were reported for Cicer arietinum (Staginnus et al.,
2001). An extreme case of divergence of En/Spm transposons within a plant has been reported
for the nucleotide sequences of carrot (Daucus carota), where the Tdc C element was found to
be highly divergent from the other two families, 7dc 4 and Tdc B (Itoh et al., 2003).

Our Northern blot hybridizations of total RNA did not produce detectable signals.
This suggests that the cassava En/Spm-like elements are transcriptionally inactive or their
transcripts were produced at such a low level that they were not detectable here. We found,
from the deduced translations of the cassava En/Spm-like transposon-transposase, that 72.5%
contain a frame shift, a nonsense mutation or both within the sequence analyzed. Therefore,
the majority of these cassava enzymes would be non-functional and defective.

Southern blot analysis did not reveal clear differences in the hybridization pattern
between the cultivars tested (Figure 5, Panels a, b and ¢, and Figure 6). The observations
made with cassava elements, Meens, suggest that they have not been active during the
recent history of cassava. The same restriction enzyme digest blots probed with cassava
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Mutator-like transposable element (MULE) transposase cDNA show clear polymorphism
among the same cassava cultivars (Gbadegesin et al., 2007). The hybridization pattern of
the Meens in most cases, especially with the Hpall or Mspl digestion of the genomic DNA,
showed a strong smear over a range of low to high molecular weights (Figure 6). This
indicates the presence of Meen 5 and homologues in many different genomic loci. These
sequences were probably highly methylated as revealed by minor differences between
the hybridization pattern of the Hpall and Mspl digests. In contrast to the above, South-
ern analyses of the DNA digested by the isoschizomers, Hpall and Mspl, revealed partial
methylation sequences of cassava Mutator-like transposable elements for the same set of
cultivars (Gbadegesin et al., 2007). These findings lend strong support to the association
between decreases in DNA methylation and increased activity of transposable elements.
DNA methylation has tremendous effects on the heritability and activity of En/Spm
(Banks et al., 1988). It is a key component of the mechanism that regulates transposition
(Chandler and Walbot, 1986; Chomet et al., 1987; Fedoroff et al., 1995; Singer et al., 2001;
Lisch et al., 2002). Transposons induce changes in host genes, some of which are detrimental
(Zabala and Vodkin, 2007; Begin and Schoen, 2007; Beare et al., 2009). DNA methylation is
especially important in plants, and mutants with reduced levels of cytosine methylation dis-
play highly abnormal developmental phenotypes (Finnegan et al., 1996; Kakutani et al., 1996;
Ronemus et al., 1996). In conclusion, cassava EnSpm-like transposons are highly methylated,
transcriptionally inactive and may not have been active during the recent history of cassava.

ACKNOWLEDGMENTS

M.A. Gbadegenin would like to acknowledge funding from the Commonwealth
Scholarship Commission, UK. This publication is supported by University of Ibadan Senate
Research Grant No. SRG/COM/2006/35A. 1t is also in part an output from a research project
funded by the United Kingdom Department for International Development (DFID) for the
benefit of developing countries: R8156 Crop Post-Harvest Programme. The views expressed
are not necessarily those of DFID. This study has been carried out in compliance with the cur-
rent laws governing genetic experimentation in the UK.

REFERENCES

Altschul SF, Gish W, Miller W, Myers EW, et al. (1990). Basic local alignment search tool. J. Mol. Biol. 215: 403-410.

Banks JA, Masson P and Fedoroff N (1988). Molecular mechanisms in the developmental regulation of the maize
Suppressor-mutator transposable element. Genes Dev. 2: 1364-1380.

Beare PA, Unsworth N, Andoh M, Voth DE, et al. (2009). Comparative genomics reveal extensive transposon-mediated
genomic plasticity and diversity among potential effector proteins within the genus Coxiella. Infect. Immun. 77: 642-656.

Begin M and Schoen DJ (2007). Transposable elements, mutational correlations, and population divergence in
Caenorhabditis elegans. Evolution 61: 1062-1070.

Chandler VL and Walbot V (1986). DNA modification of a maize transposable element correlates with loss of activity.
Proc. Natl. Acad. Sci. U. S. A. 83: 1767-1771.

Chang S, Puryear J and Cairney J (1993). A simple and efficient method for isolating RNA from pine trees. Plant Mol.
Biol. Rep. 11: 113-116.

Chomet PS, Wessler S and Dellaporta SL (1987). Inactivation of the maize transposable element Activator (Ac) is
associated with its DNA modification. EMBO J. 6: 295-302.

Dellaporta SL, Wood J and Hicks JB (1983). A plant DNA minipreparation: Version II. Plant Mol. Biol. Rep. 1: 19-21.

Fedoroft N, Schlappi M and Raina R (1995). Epigenetic regulation of the maize Spm transposon. Bioessays 17: 291-297.

Genetics and Molecular Research 9 (2): 639-650 (2010) ©FUNPEC-RP www.funpecrp.com.br



M.A. Gbadegesin and J.R. Beeching 650

Finnegan DJ (1992). Transposable elements. Curr. Opin. Genet. Dev. 2: 861-867.

Finnegan EJ, Peacock WJ and Dennis ES (1996). Reduced DNA methylation in Arabidopsis thaliana results in abnormal
plant development. Proc. Natl. Acad. Sci. U. S. A. 93: 8449-8454.

Gbadegesin MA, Gomez-Vasquez R, Reilly K and Beeching JR (2007). Transcriptionally active mutator-like transposable
elements in the genome of Cassava (Manihot esculenta Crantz). Asian J. Plant Sci. 6: 129-136.

Grant SR, Gierl A and Saedler H (1990). En/Spm encoded tnpA protein requires a specific target sequence for suppression.
EMBO J. 9:2029-2035.

Grant SR, Hardenack S, Trentmann S and Saedler H (1993). Functional cis-element sequence requirements for suppression
of gene expression by the TNPA protein of the Zea mays transposon En/Spm. Mol. Gen. Genet. 241: 153-160.

Han Y, Gémez-Vasquez R, Reilly K, Li H, et al. (2001). Hydroxyproline-rich glycoproteins expressed during stress
responses in cassava. Euphytica 120: 59-70.

Itoh Y, Hasebe M, Davies E, Takeda J, et al. (2003). Survival of Tdc transposable elements of the En/Spm superfamily in
the carrot genome. Mol. Genet. Genomics 269: 49-59.

Kakutani T, Jeddeloh JA, Flowers SK, Munakata K, et al. (1996). Developmental abnormalities and epimutations
associated with DNA hypomethylation mutations. Proc. Natl. Acad. Sci. U. S. A. 93: 12406-12411.

Lander ES, Linton LM, Birren B, Nusbaum C, et al. (2001). Initial sequencing and analysis of the human genome. Nature
409: 860-921.

Lisch D, Carey CC, Dorweiler JE and Chandler VL (2002). A mutation that prevents paramutation in maize also reverses
Mutator transposon methylation and silencing. Proc. Natl. Acad. Sci. U. S. 4. 99: 6130-6135.

Luo D, Coen ES, Doyle S and Carpenter R (1991). Pigmentation mutants produced by transposon mutagenesis in
Antirrhinum majus. Plant J. 1: 59-69.

McClintock B (1954). Mutations in maize and chromosomal aberrations in Neurospora. Carnegie Inst. Washington
Yearbook 53: 254-261.

Peterson PA (1953). A mutable pale green locus in maize. Genetics 38: 682-683.

Ronemus MJ, Galbiati M, Ticknor C, Chen J, et al. (1996). Demethylation-induced developmental pleiotropy in
Arabidopsis. Science 273: 654-657.

Sambrook J, Fritsch E and Maniatis T (1989). Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor.

SanMiguel P, Tikhonov A, Jin YK, Motchoulskaia N, et al. (1996). Nested retrotransposons in the intergenic regions of
the maize genome. Science 274: 765-768.

Singer T, Yordan C and Martienssen RA (2001). Robertson’s Mutator transposons in A. thaliana are regulated by the
chromatin-remodeling gene Decrease in DNA Methylation (DDM1). Genes Dev. 15: 591-602.

Speulman E, Metz PL, van ArKel G, te Lintel HB, et al. (1999). A two-component enhancer-inhibitor transposon
mutagenesis system for functional analysis of the Arabidopsis genome. Plant Cell 11: 1853-1866.

Staginnus C, Huettel B, Desel C, Schmidt T, et al. (2001). A PCR-based assay to detect En/Spm-like transposon sequences
in plants. Chromosome Res. 9: 591-605.

Takeda S, Sugimoto K, Otsuki H and Hirochika H (1998). Transcriptional activation of the tobacco retrotransposon Ttol
by wounding and methyl jasmonate. Plant Mol. Biol. 36: 365-376.

Thompson JD, Higgins DG and Gibson TJ (1994). CLUSTAL W: improving the sensitivity of progressive multiple
sequence alignment through sequence weighting, position-specific gap penalties and weight matrix choice. Nucleic
Acids Res. 22: 4673-4680.

Tissier AF, Marillonnet S, Klimyuk V, Patel K, et al. (1999). Multiple independent defective suppressor-mutator
transposon insertions in Arabidopsis: a tool for functional genomics. Plant Cell 11: 1841-1852.

Wisman E, Cardon GH, Fransz P and Saedler H (1998). The behaviour of the autonomous maize transposable element En/
Spm in Arabidopsis thaliana allows efficient mutagenesis. Plant Mol. Biol. 37: 989-999.

Zabala G and Vodkin L (2007). Novel exon combinations generated by alternative splicing of gene fragments mobilized
by a CACTA transposon in Glycine max. BMC Plant Biol. 7: 38.

Genetics and Molecular Research 9 (2): 639-650 (2010) ©FUNPEC-RP www.funpecrp.com.br



