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MOLECULAR BIOLOGY AND PHYSIOLOGY

Ty3/gypsy Retro-Transposons in Egyptian cotton (G. barbadense)
Essam A. Zaki* and A. A. Abdel Ghany

ABSTRACT

The objective of this research was to isolate
and characterize Ty3/gypsy sequences in culti-
vated allotetraploid cotton, Gossypium barbadense
L. Using a degenerate oligonucleotide designed
to amplify these sequences by PCR, part of the
reverse transcriptase gene of Ty3/gypsy retro-
transposons was isolated, cloned, and sequenced.
These retro-elements exist in the cotton genome in
high copy number, and their encoded transcripts
were detected. Phylogenetic analysis shows that
these retro-elements are heterogeneous and
closely related to elements present in other plant
species. These results indicate that Ty3/gypsy
retro-transposons are standard component of
the Gossypium genome, and support the fact that
Ty3/gypsy retro-transposons represent a major
component of the plant genome.

Retro—elernents and their derivatives are ubiquitous
and abundant components of plant genomes
(Kumar and Bennetzen, 1999). Based on their
structure, retro-transposons are divided into two
groups: long terminal repeat (LTR) retro-transposons
and non-LTR-retro-transposons (Eickbush and Malik,
2002). LTR-retro-transposons are further divided into
two major groups, Tyl/copia and Ty3/gypsy. The major
structural difference between the Tyl/copia and Ty3/
gypsy groups is the order of the reverse transcriptase
(RT) and integrase (IN) domains in their pol genes
(Wilhelm and Wilhelm, 2001). The RT genes have
conserved amino acids domains, some of which are
characteristic of each retro-element group (Xiong and
Eickbush, 1990). Degenerate oligonucleotide primers
have been designed to amplify these domains by PCR
and are used for detection and assessment of their
distribution and evolution (Flavell et al., 1992; Voytas
et al., 1992; Matsuoka and Tsunewaki, 1999; Friesen
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etal.,2001). The detailed characterization of different
plant taxa with respect to the content, variability, and
physical distribution of retro-transposons provides
a major contribution to our understanding of host
genome organization and evolution (Bennetzen, 2000;
Bennetzen, 2002).

Plant retro-transposons are largely inactive,
which suggests that silencing is a major mechanism
of control for these retro-transposons (Casacuberta
and Santiago, 2003). The presence of retro-transpo-
sons in databases of expressed sequence tags (ESTs)
suggests that they can escape silencing (Echenique et
al., 2002). Moreover, they can be induced by various
stresses, such as tissue culture and exposure to cell-
wall hydrolases (Grandbastien et al., 1997). High
copy retro-transposons, which have enhancer and
transcriptional readout activity, have a genome-wide
effect on the expression of flanking genes (Freschotte
et al., 2002). One example is the Wis 2-1A retro-
transposon in newly synthesized wheat (Triticum
aestivum L.) amphiploids (Kashkush et al., 2002a).
Both LTRs in Wis 2-1A drive the readout synthesis
of new transcripts from adjacent sequences, includ-
ing the antisense or sense strands (Kashkush et al.,
2002b). These data, together with their abundance
and ability to be activated, support the theory that
retro-transposons are potential controlling elements
(Casacuberta and Santiago, 2003).

The genus Gossypium is a facile system for in-
vestigating the genomic organization and evolution
of repetitive DNA sequences that become united
in a common nucleus (Wendel, 1989). Tyl/copia
retro-transposons were identified in allotetraploid
cottons, Gosspyium hirsutum L. (Vanderwiel et al.,
1993), and G. barbadense (Abdel Ghany and Zaki,
2003). Fluorescent in-situ hybridization was used to
study their chromosomal distribution (Hanson et al.,
1999). Ty3/gypsy elements were recently reported
in the upland cottons, G. hirsutum (Taliercio and
Ulloa, 2003). In this study, the presence of Ty3/gypsy
elements in Egyptian cotton, G. barbadense, was
investigated. Partial sequences of the RT gene of
Ty3/gypsy retro-transposons from the genomes of
two of the most widely cultivated G. barbadense
cottons in Egypt, which are particularly prized for
their superior fiber quality, were amplified.
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MATERIALS AND METHODS

Plant growth. Seedlings from G. barbadense
cultivars, Giza 45 and 84, were grown in the green-
house at the Genetics Engineering and Biotechnol-
ogy Research Institute in Alexandria, Egypt. DNA
and RNA were extracted from 3-day-old seedlings.

DNA and RNA extraction. Total DNA was
extracted using a Qiagen DNeasy kit (Qiagen; Valen-
cia, CA). Total RNA was extracted using a Qiagen
RNeasy kit. Total RNA was treated with RNase-free
DNasel (Boehringer; St. Joseph, MO) (2U for 30 min
at 37°C), stopped with 0.01 mM Tris/EDTA pH 8.0.
RNA was purified through two ethanol precipitation
steps, and the pellet suspended in diethyl pyrocarbon-
ate-treated water.

Isolation of the Ty3/gypsy RT gene in Gos-
sypium. Total DNA was subject to PCR with two
primers specific to the Ty3/gypsy RT gene:

1) 5"-CTAAGCTTTAYCAYCARHTNMGNAT-3
2)5°- TCGAATTCTGNCCNARNMDYTYNAC-3",

where N = A+C+G+T, M = A+C, H = A+C+T,
R =A+G, and Y = T+C (Xiong and Eickbush,
1990). DNA amplifications were conducted in an
ABI GeneAmp PCR system 9700 cycler (Applied
Biosystems; Foster City, CA) with a denaturing
step at 95°C for 5 min and with the step cycle
program set for 35 cycles (with a cycle consisting
of denaturing 94°C for 30 s, annealing at 50°C
for 30 s, and an extension step at 72°C for 30 s),
followed by a final extension step at 72°C for 10
min. Fragments were cloned in pCR 4 plasmid
(Invitrogen; Carlsbad, CA) and plasmid DNAs
were sequenced in both directions using BigDye
sequencing kit with an ABI 377 DNA sequencer
(Applied Biosystems; Foster City, CA). DNA
sequences were deposited in the GenBank database
with the accession numbers U75247 and U75248.
Reverse transcriptase-PCR. RT-PCR for the
detection of the expressed RT domain was conducted
on cDNA prepared with the Qiagen OneStep RT-PCR
kit (Qiagen; Valencia, CA) according to the manu-
facturer’s instructions using 1pg total RNA extracted
from 3-day-old cotton seedlings. The cycle program
consisted of 35 cycles of 30 s at 94°C, 30 s at 50°C,
and 30 s at 72°C, followed by a final extension step
at 72°C for 10 min. Controls for DNA contamination
consisted of treating RNA with RNase-free DNasel,
and reactions lacking the reverse transcriptase en-
zyme in the reverse transcription step.

Alignments and phylogenetic analysis. Pair-
wise and multiple DNA sequence alignment were
carried out using CLUSTALW 1.82 (Thompson et
al., 1994). A bootstrap neighbor-joining tree was
generated using MEGA 2.1 (Kumar et al., 2001)
from CLUSTALW alignments.

DNA & RNA hybridization. PCR-amplified
probes were labeled with [0->*P] dCTP using the ran-
dom primer method (Feinberg and Vogelstein, 1983),
and used for DNA, and RNA hybridization as described
(Sambrook et al., 1989). Filters were hybridized over-
night at 42°C in a solution containing [50% formamide,
5 x sodium saline citrate (SSC), 10 x Denhardt’s, and
0.5% sodium dodecyl sulfate (SDS)]. Hybridization
wash was conducted at 50°C in 0.1 x SCC containing
0.5% SDS for 1 h. Labeled filters were autoradio-
graphed for 1 to 2 d at room temperature.

RESULTS

Isolation of the Ty3/gypsy RT gene in G. bar-
badense. The search for the Ty3/gypsy RT gene in
the G. barbadense cultivars, Giza 45 and Giza 84,
was conducted using a specific oligonucleotide for
the Ty3/gypsy reverse transcriptase gene (Xiong and
Eickbush, 1990). A 310 bp fragment was detected
in each cultivar, which was designated as G45 and
G84 for Giza 45 and Giza 84, respectively. Amino
acid identities between G45 and G84, and gypsy
from Drosophila (Yuki et al., 1986), Ty3/gypsy RT
fragments from lilies (del) (Smyth et al., 1989), and
IFG7 from pine (Kossack and Kinlaw, 1999) range
from 56% to 70% (Table 1 and Fig. 1). The high
amino acid identities observed among these RT frag-
ments support the interpretation that G45 and G84
sequences generated in this study represent portions
of the RT gene of Ty3/gypsy retro-transposons.

Table 1. Amino acid identities between G45 and G84, and
the corresponding portions of Ty3/gypsy retro-transposons
from Drosophila, yeast, Lilium, and Pinus

Amino acid identities

S 2 Retro-
ource

transposon G45 G84
Drosophila Gypsy 57 56
Yeast Ty3 43 49
Lilium Del 70 53
Pinus IFG7 57 47

“ Drosophila from YuKi et al., 1986; yeast from Hansen et
al., 1988; Lilium from Smyth et al., 1989; and Pinus from
Kossack and Kinlaw, 1999.
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VDDVLIYSRTQKDHEHHLRISLOLLRNNQLYAKLSKCEFWMEKVKFLGHVV

Gypsy VDDVIIYSENESDHVRHLRTVLKCLRDANLYASQEKCRFFKESVEYLGFEIV

Figure 1. Alignment of the reverse transcriptase domain of G45, G84, Lilium del, and Drosophila gypsy retrotransposons
(Smyth et al., 1989; Yuki et al., 1986). Identical amino acids are identified by asterisks.

RDSDVPKTAFRTRYGHYEFLVMPFGLTNAPAVEFMDLMNRIFRQYLDRFVVVFIDDILVYS 60
REGDEWKIAFKTKHSLYEWLVMPEFGLTNTSSTFMRLMNHVLRAFIGKFCVVYFDDILVYS 60
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Figure 2. Comparative amino acids sequence analysis of G45 & G84 using CLUSTALW. Residues or nucleotides in that are
identical in all sequences in the alignment are designated by ‘*’; conserved substitutions are designated by ‘:’; and semi-

conserved substitutions are designated by ¢.’.

The identities of comparative nucleotide and
amino acid sequence analysis of G45 and G84
using ClustalW program were 54.1% and 51.4%,
respectively (Fig. 2). Gaps were introduced in the
nucleotide sequence analysis at positions 1 and 117
for G45 and at 150 and 310 for G84, but they did not
affect the inferred amino acids at these corresponding
positions or the coding information. The observed
sequence heterogeneity between G45 and G84 could
be due to the inherent greater heterogeneity of the
Ty3/gypsy retro-transposons (Malik et al., 2000)
compared with Tyl/copia retro-transposons (Peter-
son-Burch and Voytas, 2002). The fact that the DNA
sequence was determined for only two clones, and
taking into consideration that it is most likely that
an extremely high copy number of sequences related
to G45 and G84 exist in G. barbadense (see below),
indicates that G45 and G84 represent only part of the
diversity of the RT genes in G. barbadense.

Phylogenetic analysis of G45 and G84. Ele-
ments of G45 and G84 were compared and aligned
with other RT genes of plant Ty3/gypsy retro-trans-
posons and with Ty3 as the outgroup to study the
evolutionary relationships of the identified retro-
elements in G. barbadense (Fig. 3). The neighbour-
joining phylogram provided strong bootstrap sup-
port for a monophyletic origin of plant Ty3/gypsy
retro-transposons, yet showed high diversity within
all species. G45 had the strongest affinity with G.
hirsutum G1 and Ananas comosus (L.) Merr. Deal

%0 GA45 - G.barbadense
29 - 61-6.hirsutum
94 Deal-A.comosus

Ch4-L japonicus

99

97 Del-L.henryi

Cereba-H.vulgare

Osr31-O.sativa
98
84 - 6.barbadense
40
42 Ch5-L japonicus

Gypsy-D.melanogaster

Ty3-S.cerevisae
—
0.1

Figure 3. Phylogenetic tree showing relationship between
reverse transcriptase nucleotide sequences of G. barbadense
G45 and G84 and plant Ty3/gypsy retro-transposons. Gos-
sypium sequences are underlined. The neighbor-joining
method (Saitou and Nei, 1987) was used to construct the
tree. The numbers on the branches represent bootstrap
support for 1,000 replicates. Names refer to the accession
number of the nucleotide sequences that encode the cor-
responding reverse transcriptase genes. Sequences used
and their GenBank accession numbers include: AY181254
G. hirsutum G1Ty3/gypsy LTR-retrotransposon (Taliercio
and Ulloa, 2003); ACY12432 A. comosus Deal Ty3/gypsy
LTR-retrotransposon (Thomson et al., 1998); AP004470
L. japonicus genomic DNA Chromosome 4 27319-27627
(Sato et al., 2001); X13886 L. henryi del Ty3/gypsy LTR-ret-
rotransposon (Smyth et al., 1989); X03734 D. melanogaster
gypsy LTR-retrotransposon (Yuki et al., 1986); AC005561
O. sativa osr31/rire7 Ty3/gypsy LTR-retrotransposon (Mc-
Carthy et al., 2002); AP004525 L. japonicus genomic DNA
Chromosome 5 65809-66114 (Sato et al., 2001); AY040832
H. vulgare cereba Ty3/gypsy retrotransposon (Hudakova et
al., 2001), and M34549 yeast Ty3 retrotransposon (Hansen
et al., 1988).
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Ty3/gypsy retro-transposons (Taliercio and Ulloa,
2003; Thomson et al., 1998) with 81% and 74%
amino acids identity, respectively. On the other hand,
G84 has the strongest affinity with Lotus japonicus
L. genomic DNA chromosome 5, Hordeum vulgare
L. cereba, and Oryza sativa L. osr31/rire7 Ty3/gypsy
retro-transposons (Sato et al., 2001; Hudakova et al.,
2001; McCarthy et al., 2002) with 75% amino acid
identity. It is noteworthy that G45 and G84 did not
show close correspondence to previously reported
Tyl/copia retro-transposons in G. barbadense and G.
hirsutum (Abdel Ghany and Zaki, 2003; Vanderwiel
etal., 1993), nor to the major dispersed repeats in the
cotton genome (Zhao et al., 1998), which suggests
that a very complex population of such elements
exists in cotton.

Repetitive nature of Ty3/gypsy elements in G.
barbadense. The detection of Ty3/gypsy retro-ele-
ments in G. barbadense prompted an investigation
into the molecular nature of these elements. Total
genomic DNA from Giza 45 and 84 were digested
with HindIll and hybridized with their respective
related RT domain probes (Fig. 4). The detection
of multiple hybridizing bands is indicative of the
repetitive nature of these retro-elements in the cotton
genome. Moreover, the observation of different band
intensities within a single track may be attributed
to sequence and/or copy number variation between
Ty3/gypsy retro-transposon-related sequences in
these genomes. The presence of sequences ranging
from larger than 23 kb to smaller than 2 kb indicates
the presence of a large family of related sequences.
The fact that these genomes display a similar set of
Ty3/gypsy retro-transposon-specific restriction frag-
ments suggests that the genomic locations of these
retro-elements are similar within these two closely
related genomes. These results indicate that G45 and
G84-related sequences are present in relatively high
copy number in G. barbadense.

Transcription of G45 and G84 in cotton. To
determine whether G45 and G84 are transcribed,
Northern blot hybridization using *?P-labeled PCR
amplified probes were performed (Fig. 5). A tran-
script of approximately 7 kb in molecular weight
was detected in Giza 45 and Giza 84, respectively.
Control reactions consisted of bacterial RNA with
no detectable products (data not shown), and the use
of DNasel for genomic DNA contamination. The
transcriptional activity of G45 and G84 was further
investigated by RT-PCR using the same primers for
the RT domain (Fig. 6). Product amplification reac-

G45 G84
1 2

. -23.1
- o -

6.4

Fig. 4 Molecular distribution of G45-
and G84-related sequences from -
two G. barbadense cultivars, Giza -
45 and 84. DNA (10 pg) of each
cultivar were digested with HindIII
and hybridized with their respective
related G45 and G84 *P-labeled
specific probes. Sizes of molecular
weight markers in kb are indicated
on the right. Lane 1. Cotton cultivar
Giza 45 hybridized with G45 probe.
Lane 2. Cotton cultivar Giza 84
hybridized with G84 probe.

Giza 45 Giza 84
-9
e .
-5
-3

Fig. 5 Northern blot hybridization for the detection of G45-
and G84-encoded transcript. Total RNA (10 pg) extracted
from young cotton seedlings from Giza 45 and 84, were
treated with DNasel for genomic DNA contamination
and hybridized with their respective related G45 and G84
probes. Bacterial RNA was included as a negative control
(not shown). Sizes of molecular weight markers in kb are
indicated on the right.
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tions were identical in length to those from genomic
DNA. Control reactions that lacked the addition
of the reverse transcriptase enzyme in the reverse
transcription step failed to produce products, thus
confirming the transcriptional origin of the amplified
products. Two amplified cDNAs from G45 and G84
were cloned and sequenced to verify their identity.
The predicted proteins from these cDNAs were 84%
and 87% to their respective DNA clones (Abdel
Ghany and Zaki, unpublished, 2004).

M gDNA + - + -

|
—
—
P
it

b

Fig 6. RT-PCR for the detection of the expressed RT domain.
Total RNA (1 pg) extracted from young cotton seedlings
from Giza 45 and 84, was treated with DNase I prior to
the reverse transcription step. Amplification products were
then electrophoresed in 2% agarose gels and visualized
by ultraviolet illumination after staining with ethidium
bromide. As a standard, PCR with 10ng of genomic DNA
(gDNA) is shown. The reactions for lanes labeled ‘+’ con-
tained the reverse transcriptase enzyme, and those labeled
‘~¢ do not contain the reverse transcriptase enzyme during
the reverse transcription step as controls for genomic DNA
contamination. M is the 100 bp molecular weight ladder.

DISCUSSION

Ty3/gypsy retro-transposons in G. barbadense.
Degenerate primers used to amplify the RT domain
of Ty3/gypsy retro-transposons in plants demon-
strated their universal nature (Levin, 2002). Using
this approach, partial Ty3/gypsy RT sequences in two
G. barbadense cultivars were identified. Compara-
tive nucleotide and amino acid sequences analysis

183

revealed that G. barbadense retro-elements, G45
and G84, are heterogeneous and exist in high copy
number. The detection of Ty3/gypsy retro-transpo-
sons in G. barbadense and G. hirsutum (Taliercio
and Ulloa, 2003) supports the fact that Ty3/gypsy
retro-transposons represent a major component of
plant genomes (Freschotte et al., 2002).

Transcriptional activity of G45 and G84. Plant
retro-transposons are known to be transcriptionally
silent in most plant tissues during development,
which suggests transcriptional control is a major
mechanism of control for their retro-transposition
(Kumar and Bennetzen, 1999). Their expression and
transposition are inducible by stresses, such as proto-
plast isolation and tissue culture (Grandbastien et al.,
1997). Detection of their transcripts under ordinary
growth conditions has also been reported (Suoniemi
etal., 1996; Pearce et al., 1997). In this regard, G45-
and G84-encoded transcripts were detected in their
related respective young seedlings using RNA slot-
blot hybridization. In addition, Northern blot analysis
revealed the presence of a transcript of approximately
7 kb. These results suggest that G45 and G84 are
transcriptionally active retro-transposons; however,
the presence of stop codons in G45- and G84-derived
amino acid sequences suggests that these clones
represent defective retro-transposons. In addition, a
number of the retro-transposons in Egyptian cotton
obviously are not functional and must be evolving as
pseudogens. Nevertheless, the detection of G45- and
G84-encoded transcripts and intermediates in the
retro-transposition process (Kumar and Bennetzen,
1999) suggests that a subset of these molecules is
competent for retro-transposition.

It is noteworthy that Zhao et al. (1998) reported
a highly repetitive DNA clone p067 in cotton, which
corresponds to the Lilium henryi Baker integrase do-
main, that is expressed in young cotton seedlings. It is
unknown whether G45, or G84, and pX067 represent
the same retro-transposon. Further experimental
analysis is required to address this question. In ad-
dition, we are seeking to determine if the molecular
nature of the G. barbadense transcript originates
from LTRs from transcriptionally active elements,
or if it initiates from conventional cellular promoters
or adjacent full-length retro-transposons (Kumar and
Bennetzen, 1999).

Origin and evolutionary relationships of
Ty3/gypsy RT of G. barbadense. The phylogenetic
analysis of the RT domain provides the evolutionary
relationships among Ty3/gypsy retro-transposons
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to be inferred (Malik et al., 2000, Eickbush and
Malik, 2002). Our phylogenetic analysis revealed
that the closest relatives of G45 and G84 are found
in other Ty3/gypsy RT of plants (e.g. A. comosus
and H. vulgare) than to each other. This evolution-
ary relationship suggest either an ancient origin of
plant retro-transposons (vertical transmission), or
horizontal transmission in which these retro-trans-
posons have jumped the species-gap (Eickbush and
Malik, 2002). Although horizontal transfer has been
demonstrated between Drosophila species (Jordan et
al., 1999, Terzian et al., 2000), data are inconclusive
for plant species (Friesen et al., 2001, Stuart-Rog-
ers and Flavell, 2001). The observation that branch
lengths separating plant retro-transposons are usually
similar indicates a similar evolutionary distance,
argues against the horizontal transmission hypoth-
esis, and supports the existence of a diverse group
of retro-transposon families in the progenitor of
plants. A more comprehensive survey of Ty3/gypsy
retro-transposons in Gossypium species is required
to further clarify their evolutionary relationships.
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