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A genetic phenomenon that often induces mutations is a transposition of
genetic materials called transposable elements. The genome of the cucurbit-attacking
fruit fly, Bactrocera tau (Walker), contains a putative functional transposable element
called hopper element. Using PCR and inverse PCR, we amplified and sequenced
hopper element and its target site duplication sequences. This Aopper element is 3172
bp in length. The termini of hopper element are composed of 19 bp inverted terminal
repeats (ITRs) with single mismatch and the perfect 8 bp direct duplication of the
target sites. The comparison between the ITRs of the hopper element to those
of the hobo element of Drosophila melanogaster, the Ac element of Zea mays,
and the Tam3 element of Antirrhinum majus, as well as several other plant and
insect elements, revealed a conserved terminal sequence pattern.

The hopper element contains a single long open reading frame (ORF)
encoding a putative transposase protein of 651 amino acids. The comparisons

between the entire length of Aopper amino acids sequences with the transposase

amino acid sequences of the hobo, Ac, and Tam3 elements showed that these
transposase protein sequences have a similar level of distance ranging from 22-30 %
identity. The genomic representation of hopper element in genome of B. tau
from different geographical areas in Thailand showed differences in banding
patterns. These results showed that this /opper element corresponds to a putative

functional transposase gene and may infer a recently active transposition.
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CHAPTER 1

INTRODUCTION

One of the foundations underlying organic diversity is a kind of variation,
preserved by natural selection and provided by mutations. One of the natural
phenomenon that induces mutations is the movement of genetic material from one
chromosomal location to another. DNA sequences that possess a capability to change
their genomic location are called transposable elements.

Transposable elements (TE) are discrete segments of DNA that are
distinguished by their ability to move and replicate within genome. Since the
discovery of transposable elements by Barbara McClintock in the 1940s, these
elements have been found to be ubiquitous in most living organisms (1). Transposable
elements are interesting not just for the mechanisms involved in the manipulation of
DNA, but also for the evolutionary consequences of their mobility.

Transposable elements can be classified into two major classes according to
their transposition mechanism (1). Class I elements are retroelements that use reverse
transcriptase to transpose by means of an RNA intermediate. They include
retrotransposons such as copia-like elements in Drosophila melanogaster, Ty element
in Saccharomyces cerevisae, and DIR-1 in Dictyostelium discoidium. For class II
elements, such as P and hobo elements in D. melanogaster, Ac/Ds in Zea mays, and
Tam3 in Antirrhinum majus, they transpose directly as DNA from one location to
another in the genome. Moreover, transposable elements are classified into families

according to their sequence similarity such as the A4 T family (2).
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The hAT stands for the hobo element from D. melanogaster, the Ac element
from Z. mays, and the Tam3 element from A. majus. All three elements generate 8 bp.
target site duplication different from those observed for other transposable elements
(3). The members of this superfamily are widely distributed among both plants and
animals (3,4,5).

One of the transposable elements in the h4T family, called hopper element,
was previously isolated from genome of the oriental fruit fly, Bactrocera dorsalis
(Hendel) (6). It was approximately 3.1 kb in length with 19 bp. inverted terminal
repeat sequences having a single mismatch. The finding that this element described
does not contain an 8 bp insertion site direct repeat which is consistent in all other 24T
elements and the interrupted transposase ORF is not supportive of autonomous
function. The present work is intended to isolate and characterize a putative functional

hopper transposable element gene from genome of Bactrocera tau (Walker) in

Thailand.
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The tephritidae family, the true fruit flies, includes about 4,000 species
arranged in 500 genera. As a result, it is one of the largest families of Diptera (true
flies) and one of the most economically important fruit flies in the world, especially in
the Tropical America continent, South Pacific, and Southeast Asia (7). Since Thailand
is one of the agricultural countries in the tropic zone, there are several species of fruit
flies in this region. The important economic pests of fruits consist of Bactrocera
dorsalis (Hendel), Bactrocera correcta (Bezzi), Bactrocera cucurbitae (Coquillett),
and Bactrocera tau (Walker).

In 1986, Tigvattananont S. reported that B. tau (Walker) attacked very young
melon fruit (8). As shown in figure 1.1, the adult flies of this species have orange
brown scutum which is marked with black and with lateral and medial yellow stripes.
They have facial spots, anterior supra-alar setae, prescutellar acrostichal setae, 4
scutellar setae, and wings with a costal band expanded into an apical spot (9). This
cucurbit-attacking dacine fruit fly is widely distributed throughout Thailand and prefer

to oviposit in cucurbitaceous fruits such as cucumber, bitter gourd, and pumpkin.
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Figure 1.1 The morphology of the adult Bactrocera tau (Walker). This figure

shows the morphology of the adult male B. fau (Walker). B. tau is in Order Diptera,
Family Tephritidae, Subfamily Dacinae, Genus Bactrocera, Subgenus Zeugodacus.
For the adult identification, it consists of scutum orange brown and marked with black,
and with lateral and medial yellow stripes; with facial spots, anterior supra-alar setae,
prescutellar acrostichal setae, 4 scutellar setae, and wing with a costal band expanded

into an apical spot. This description was taken from White IM (9).
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For this thesis, a gene of hobo-related transposable element in the genome of
B. tau (Walker) was isolated by using the PCR approach. The structural similarities
suggest that this hobo-related element is a member of the A4T family, which was
called hopper element. Unlike the previously isolated from B. dorsalis (Hendel), this
copy of hopper element contains a new putative-functional transposase gene that
consists of an uninterrupted ORF for 651 amino acids beginning with a start codon.
When we compared the deduced hopper transposase protein sequences to the
transposase of the hobo, Ac, and Tam3 elements, we found that the sequence
alignment was conserved in three regions in the middle and C-terminal regions of
these transposase proteins. Moreover, the genomic representation of the hopper
transposable element in genome of B. tau (Walker) from different geographical areas
in Thailand shows differences in banding patterns. The result shows that the hopper

element is located in different genomic locations that may infer a recently active

transposition.
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CHAPTER I

LITERATURE REVIEW

2.1. Transposition of transposable elements

A great part of classical genetic analysis has been devoted to the localization of
genes on chromosomes. Most genes occupy fixed sites on the chromosomes, and the
overall structure of the genetic map is practically invariant . However, beginning in the
1940s, researchers have found that some DNA sequences can change their genomic
location. In the late 1940s, Barbara McClintock developed the concept of what she
termed “controlling elements” which was based on the variegation patterns of the
maize. These “controlling elements” were genetic units associated with a gene, for
example one involved in kernel pigmentation of Zea mays, thus controlling the
expression of that gene (10). Through out her genetic analysis, the current picture of
transposable elements ultimately evolved.

Transposable elements (TEs), also known as mobile or parasitic DNA, are
moderately repetitive sequences that can move about in the genome of an organism.
Transposable elements are widespread in all genomes out of which they have been
sought (11). Mobile elements are major constituents of eukaryotic genomes, making
upto 10 % of the Drosophila genome and 35 % of the human genome (12). TEs occur
in many shapes and sizes but they sharé the common ability to insert into new sites in

genomes. This common ability is called transposition.
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Transposition is a recombination process in which DNA sequences termed
transposable elements move from an original site on a DNA molecule to a new site on
the same or different DNA molecule (13). The méchanism of DNA transposition
follows a common scheme with some variation in details depending on the element
(14). There are two types of transpositions which are distinguished by whether the
transposable element is replicated or not. In replicative transposition, the mobile
element is replicated and a copy is inserted to a target site while the other copy
remains at the original site as shown in figure 2.1. Phage Mu and TnA family

elements, such as Tn3 and Tn1000, use this type of transposition (15,16).

Replicative transposition

Transposable element Target

—illl—

Figure 2.1 The mechanisms in the replicative transposition. This figure shows the
mechanisms in the replicative transposition. The transposable element is replicated

and a copy is inserted at a target site, while the other copy remains at the original site.
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The other type of transposition is conservative transposition. This strategy is
used by transposable elements that move by a cut and paste mechanism. The mobile
element is transposed from the donor site to a target site and is conserved as shown in
figure 2.2. It leaves a break at the original site. It will be deleterious to the host
genome unless it can be repaired. This paradigm was ﬁrstl established for the bacterial
transposon Tnl0 and Tn7, but it is now clear that numerous elements, including P
element in Drosophila, Tc element in Caenorhabditis elegans and other elements, use
this mechanism (17).

Although some transposons use only one type of pathways for transposition,
others, such as [S903 and IS1, predominantly form conservative transposition but also

appear to form replicative transposition at a significant rate (18).

Conservative transposition

Transposable element Target

— DONOY ?

Figure 2.2 The mechanisms in the conservative transposition. This figure shows
the mechanisms in the conservative -transposition. The transposable element is
transposed from the donor to a target site. What will happen to the donor site is

unclear. The donor molecule may be destroyed or repaired by the host.
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In the above types of transpositions, transposable element translocation results
from DNA breakage and joining reaction (14). This DNA-mediated transposition, the
transposase enzyme is positioned at the transposon termini and assembled into an
active complex. It executes the DNA breakage reactions that cut the tips of the
transposon away from flanking DNA at the donor site, and then joins these exposed
ends to the target DNA (19).

It is known that genetic transformation can also be transposed through RNA. In
order to distinguish between the DNA-mediated and RNA-mediated modes, the RNA-
mediated mode has been termed retrotransposition. In this RNA-mediated mode of
transposition, mobile elements called retrotransposons transpose via an RNA transcript
that is reverse transcribed to DNA before insertion into the target site. The DNA forms
of retrotransposons, generated by reverse transcription of their RNAs, are the
molecules that actually undergo transpositional recombination via DNA breakage and
joining reactions (20).

Transposition proceeds by endonucleolytic cleavage of the phosphodiester
bonds at the ends of the transposable element and transfers to these ends into a target
DNA molecule. This recombination reaction requires assembly of a highly organized
nucleoprotein ternary complex which includes the target DNA, the transposon ends,

and transposase (21).
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Although it is convenient to analyze transposase function in terms of domain
structure, it should be kept in mind that individual functions are not necessarily
accomplished by a single isolated domain but may be assumed by several different
regions of a single polypeptide or by more than one polypeptide in a multimeric
complex (21). However, a general pattern for the functional organization of
transposase is emerging: sequence specific DNA-binding activities are generally
located in the N-terminal region, whereas the catalytic domain is often localized
toward the C-terminal end. This catalytic domain is most likely responsible for a DNA
cleavage and strand transfer during transposition process (22). This arrangement has
been observed for Tcl, P, and Ac elements (23,24,25).

A key feature of transposases is their capacity to specifically recognize and
bind the transposon ends. A common helix-turn-helix (HTH) motif is often found at
the sequence-specific DNA-binding domain both in prokaryotic and eukaryotic
elements. This motif is potentially able to provide binding specificity (21). The
domain may be simple, as appears to be the case for transposases of IS elements, or
bipartite and able to recognize different DNA sequences, as found in the Tc/ and Ac

transposases (23,25).
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2.2. Classifications of transposable elements

Transposable elements are widespread in all major phylogenetic groups (2).
Mobile elements have been found in all genomes where they have been sought (26).
They seem to be ubiquitous, and represent a quantitatively important component of
genomes. Studies of these agents of genomic instability, spanning more than 50 years,
have revealed much information about their mode of transposition and structures.
Transposable elements can be classified according to their mechanism of
transposition, and fall into two main classes. They consist of elements that transpose
by reverse transcription of an RNA intermediate, Class I elements, and elements that
transpose directly from DNA to DNA, Class II elements (27).

Class I elements or retrotransposons are a major class of eukaryotic mobile
elements and transpose via an RNA transcript that is reverse transcribed to DNA
before insertion (28). Depending on their structure, retrotransposons are distinguished
into those flanked by long terminal repeats (LTR) and the non- LTR retrotransposons.
The structure of LTR retrotransposons resemble that of retroviruses with the major
difference that retrotransposons are not infectious and do not have the envelope (env)
gene (20). According to their sequence homology and the organization of coding
domains, LTR retrotransposons can be classified into two groups. They consist of the
TyI-copia group, in which the endonuclease domain is found upstream of the reverse
transcriptase domain, and the gypsy group, in which the organization of the coding

domains is similar to that of retrovirus (29) as shown in figure 2.3.
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LTR-retrotransposons

env? FITR

opsy

copia

Figure 2.3 The structures of LTR-retrotransposons. This figure shows the
structures of LTR-retrotransposons that can be devided into two groups, the gypsy-
type and copia-type, on the basis of the order of the pol products.

(PR, protease; RT, reverse transcriptase; RH, RnaseH; IN, integrase).

For the non-LTR retrotransposons, these elements also contain retroviral-like
gag and pol genes but do not contain LTRs. This group of retrotransposon has also
been called the LINE-like element or the poly (A) — type retrotransposons (29) as
shown in figure 2.4. Typical features of these elements include a 3’ poly (A), variable
length target size duplications, and multiple copies, which are truncated at their 5
ends (20). Several of these elements have been reported from D. melanogaster such as
F, G, I and jockey elements (20). The diversity of non-LTR retrotransposons which is
revealed by the deep branches on the tree in this group and their wider distribution
than another classes of retrotransposons supports the suggestion that the non-LTR

elements are the oldest group of retroelements (29).
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non LTR-retrotransposons

e D

¥ gag? 7

RT RH [PolyA .

Figure 2.4 The structures of non LTR-retrotransposon. This figure shows the

structure of non LTR-retrotransposon that contains RT (reverse transcriptase) and RH

(RnaseH).

Class II elements are transposable elements that have short terminal inverted
repeats and transpose directly from DNA to DNA as shown in figure 2.5. They
generally move by an excision-insertion mechanism and encode proteins, transposase,
required for their own transposition (30). During transposition the ends of an element
must be brought together, released from flanking sequences and joined to target DNA.
These steps are mediated by transposase acting alone or in concert with other proteins
(30). If the sites at which the target is cleaved are staggered, as always appears to be
the case, then there will be a short single-stranded region at the junction between the
transposon and the flanking DNA. Repair of these regions by host factors generates
target site duplications. These reaction have been studied ir vitro using the transposase
of the Tc3 elements of Caenorhabditis eiegans (31), the P element of D. melanogaster

(32) and Himar 1 of Haemotobia irritans (33).
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Class 11 transposable element

Figure 2.5 The structure of class II transposable element. This figure shows the
structure of class II transposable element. Class II elements have short inverted

terminal repeats (ITR) and contain a gene encoding transposase.

Since eukaryotic transposable elements were first identified and characterized
at the molecular level, a lot of information has been discovered about their DNA
sequences. According to their sequence similarity, mobile elements can be classified

into families such as Tgm family, Tcl/mariner family and hAT family (2,23,34).
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2.3. The hAT transposable elements family

Transposable elements are widespread in all major phylogenetic groups. They
appear to be ubiquitous genomic component of most organisms, with many sharing
common ancestors. Recently, a structural relationship has been established among
mobile elements found in both plant and insect species. These transposable elements
are considered to be members of the Z4T transposon family. The 24T superfamily is a
group of class Il transposable elements from animals and plants that share structural
and functional characteristics (35). The hAT stands for the hobo element from D.
melanogaster, the Ac element from Z. mays, and the Tam3 element from 4. majus (2).

The hobo element belongs to the AAT family of elements. It produces a
transposase which is thought to catalyze a DNA-mediated transposition reaction, and
create an 8 bp. duplication of host DNA upon insertion.The first probable full size
element was the hobo,oz element identified by Streck, MacGaffey and Beckendorf
(36). It is 3017 bp. in length and has 12 bp. inverted terminal repeats. More recently
Calvi et al. have reported the sequence of a hobo element, HFLI, which encodes a
functional transposase (2). It differs slightly from hoboies, and has one short open
reading frame (ORF0) and a long one (ORF1) of 1983 bp. The ORFs are separated by
a single in frame stop codon.

Ac element is 4565 bp. in length and has 11 bp. long terminal inverted repeats.
It creates 8 bp. target site duplications upon insertion (37). The first ATG codon on the
Ac mRNA opens a 2421 bp. ORF, which encodes the transposase protein (37). In
Western blotting experiments, a protein with an apparent molecular weight of 112 kD

was detected exclusively in nuclear endosperm extracts from maize lines containing a
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functional Ac element. The N- terminal 200 amino acids of the 4c transposase have no
homology to any known protein, whereas the C-terminal 600 amino acids are on
average about 30 % homologous to the putative transposase of the Tam3 element
from 4. majus (38).

Tam3 transposable element was cloned from the nivea locus of line 98 (niv-98)
encoding the chalcone synthase in genome of A. majus or snapdragon (39). It is 3629
bp. long and has 12 bp. inverted terminal repeat (39). The Tam3 element contains an
open reading frame of 2.48 kb. long. A 3.0 kb. long cDNA clone that is colinear with
the genomic sequence confirms that this open reading frame is transcribed and the
element has no intron (38).

In 1991, Feldmer and Kunze (40) have shown that these three elements exhibit
levels of coding sequence similarity that span several hundred codons as shown in
figure 2.6. All three element generate 8 bp target site duplications upon insertion and
leave similar empty excision site that distinctly different from those observed for other
transposable elements. These data suggest that hobo, Ac, and Tam3 belong to a family
of related transposable elements (41). The #AT transposable elements are widespread
in both plants and animals. The identification of related, functional element from other
species would allow us to understand better the evolutionary history of the h4T family

of elements.
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Figure 2.6 The schematic of similar regions among Ac, hobo, and Tam3
transposase proteins. This figure shows the schematic representation of the position
of the regions that are similar among Ac, hobo, and Tam3 amino acids sequences.
Double arrowhead lines represent the complete element. For Ac, boxes represent the
five exons of the element. Solid boxes represent the regions of high similarity among

these three elements. Taken from Calvi, BR. (2).
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There is one of the transposable elements in the h4T family, called hopper
transposable element. This element was previously isolated from genome of the
oriental fruit fly, Bactrocera dorsalis (Hendel) by Gomez and Handler in 1997 (42). It
was approximately 3.1 kb in length with 19 bp inverted terminal repeat sequences
having a single mismatch . The finding that the element described does not contain an
8 bp insertion site direct repeat which is otherwise consistent in all other 74T elements
and the interrupted transposase ORF is not supportive of autonomous function (42).
Comparison of the nucleic acid and amino acid sequences of hopper element to other
hAT elements showed that it was distantly related to hobo and Hermes and to putative
hAT elements from B. cucurbitae and C. capitata (43). It suggests that the hopper

element may represent an ancient link to the non-insect 24T element.
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CHAPTER 111

OBJECTIVE

3.1 Molecular characterizing the gene of hopper transposable element from

genome of Bactrocera tau (Walker).

3.2 Structurally analyzing of a putative-functional hopper transposase gene in

Bactrocera tau (Walker).

3.3 Studying the genomic representation of sopper transposable element in

genome of Bactrocera tau (Walker) in Thailand.
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CHAPTER 1V

MATERIALS AND METHODS

4.1. Fly stocks and DNA isolation
All the species and strains used in the present study are listed in Table 4.1;
each listing includes the locations of fruit fly collection. Genomic DNA of the adult

flies were extracted by the Lifton’s method as described by Thanaphum and Haymer

in 1998 (44) .

Table 4.1 Bactrocera strains used in this study.

Species Strains Locations
Bactrocera tau UB Ubol Ratchatani
NA Nan
RN Ranong
Bactrocera dorsalis - Bangkok
Bactrocera cucurbitae - Ratchaburi

™ Provinces of Thailand.

4.2. Designing oligonucleotide primers

The oligonucleotide primers were designed by using the computer program,
OLIGO, with the DNA sequences data. All of the oligonucleotide primers that were
used in this thesis are listed in table 4.2. These primers were usgd as PCR primers and

primers for sequencing both strands of the entire hopper gene as shown in figure 4.1.
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Table 4.2. Length (bp) and position of primers used in this study.

Primer Length Strand
(bp)
Hpl 20 Plus
Hpll 21 Minus
ITR 19 Plus
HpRI 20 Minus
HpRII 20 Plus
SEQI 17 Plus
SEQII 17 Plus
SEQ III 17 Minus
hop I 17 Minus
hop 11 17 Minus
hop 111 17 Minus
hop IV 17 Plus
hop V 17 Minus
hop VI 17 Minus
hop VII 17 Plus
hop VIII 17 Plus
hop IX 20 Minus
hop X 21 Plus
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Figure 4.1. The positions and directions of primers used for both strands
sequencing of hopper element. Diagram shows the positions and directions of
primers that were used for DNA sequencing in both strands of hopper transposable

element gene. Solid box represents the putative open reading frame of the hopper

transposase gene.
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4.3. PCR amplification of the hobo-related transposase fragment in B. fau

The oligonucleotide primers, Hpl and Hpll were used to amplify the coding
region of hobo-related elements from genomic DNA prepared from the aduits of B. tau
(Walker) specimens. Each PCR reaction contained 50 mM KCl, 10 mM Tris-HCI (pH
8.3), 1.5 mM MgClz, 20 pM of each primers, 10 ng of template DNA, and 1 unit of
Taq polymerase (AmpliTaq, Perkin-Elmer) in a total volume of 50ul. PCR
amplification was performed in a Perkin-Elmer 2400 thermocycles programed at 94 °C
(2 min) then 35 cycles of 93 °C (1 min), 50 °C (1 min), 72 °C (2 min) and a final
extension step at 72 °C (10 min). The amplified products were then size fractionated
by electrophoresis on 1.0 % agarose gel, stained with ethidium bromide and visualized

on a UV transilluminator.

4.4. Isolation of the hopper transposable element gene from genome of B. fau

The oligonucleotide primer ITR was used to amplify the hopper gene from
genomic DNA of adults B. tau (Walker) which were collected from Ubol Ratchathani
proviqce, Thailand. The PCR reaction contained chemicals as described above. The
PCR profile was at 94 °C (2 min) then 30 cycles of 93 °C (1 min), 50 °C (1 min), and
72 °C (4 min) and a final extension step at 72 °C (10 min). A 3.1 kb amplified PCR
product was then size fractionated by electrophoresis in 1.3 % agarose with ethidium
bromide stain and visualized by UV luminescence. This PCR product was cloned in
pCR 1I (Invitrogen) plasmid vectors and transformed to Escherichia coli host cells for

DNA sequencing.
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4.5. Inverse PCR (IPCR) analysis

To isolate the regions that flank the insertion sites of the hopper element, 2 ug
of genomic DNA was digested with Mspl (Promega), which do not have restriction
sites within this hopper element. The digested DNA was extracted with
phenol:chloroform and precipitated in ethanol. 50 ng of the digested DNA directly
self-circularized in a total volume of 100 ul at 14 °C by incubating with 3 units of T4
ligase (Promega) for 20 hrs. After self-ligation, DNA was precipitated and
resuspended in ddH20. A 10 ng of DNA was nicked at 94 °C, 30 sec and used as
template in IPCR. The oligonucleotides hop IX and hop X were used as inverse
primers. PCR conditions were 10 min at 94 °C followed by 30 cycles at 93 °C forl
min, 50 °C for 1 min, and 72 °C for 4 min and a final elongation step at 72 °C for 10

min.

4.6. Agarose gel electrophoresis

Agarose gel electrophoresis is a standard method used to separate, identify and
purify DNA fraction. Agarose gel can be prepared in various concentration according
to the siie of DNA to be analyzed by dissolving agarose in TBE buffer. The melted
solution was then added with ethidium bromide solution and poured into a gel
chamber set with a comb of desired thickness and number of wells and allow to
harden. DNA markers and DNA sample were mixed with 1/6 volumes of loading dye
before being loaded into the wells. Electrophoresis was performed at 50-100 Volts for
1-16 hr by using TBE buffer. After electrophoresis, the gel was visualized under UV

light and photographed for analyses.
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4.7. Cloning strategy

Cloning in plasmid vectors consists of the cleavage of plasmid DNA with a
restriction enzyme and joining in vitro to foreign DNA. The resulting recombinant
plasmids are then used to transform bacteria. Plasmid pCR II (Invitrogen) and pUC19
were used in cloning procedures. The DH5a strain of Escherichia coli was used for
bacterial transformation and plasmid propagation. The bacteria carrying recombinant
plasmids therefore form white colonies over the surface of LB agar plate containing

ampicillin and X-gal. All of the clones were kept in glycerol stock at —20 °C.

4.8. Purification of DNA fragment from agarose gel by GENECLEAN Kit
(B10101)

After gel electrophoresis, the desired DNA band was excised from ethidium
bromide- stained TBE agarose gel under the UV light, cut and transferred to a
microcentrifuge tube and determined its weight (0.1 g or 100 ul). Subsequently, 3
volumes of Nal stock solution and 0.5 volumes of TBE modifier (BIO 101) were
added and the tube was incubated at 50 °C for 5 min. When agarose gel was
completely dissolved, the solution was mixed with 5 ul of the GLASSMILK
suspension and kept on ice for S min. The silica matrix with the bound DNA was
collected by centrifugation for 15 sec and washed 3 times with the NEW WASH
solution. The DNA was eluted from the matrix by adding of ddH,O and incubating at

50 °C for 3 min. After spinning down for 1 min, the supernatant containing the eluted

DNA was transferred to a new tube.
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4.9. Southern blot analysis

4.9.1 Preparation of DNA probes by DIG labeling

Clone of 470 bp. hopper transposase fragment and clone of a complete hopper
gene from B. tau were used to prepare DNA probes using DIG DNA Labeling system
from Boehringer Mannheim. DNA fragments were denatured by heating for 10 min in
a boiling water bath and quickly chilled on ice. The reaction mixture consisted of 2 ul
of hexanucleotide, 2 ul of ANTP mixture, sterile water to a final volume of 19 ul and 1
ul of Klenow enzyme. The reaction was incubated for 20 hrs at 37 °C and then stopped
by adding 2 ul of 0.2 M EDTA pH 8.0. The labeled DNA was precipitated by adding
2.5 ul of 4 M LiCl and 60 ul of prechiiled absolute ethanol, incubated for 2 hr at —20
°C. The solution was spun in a microcentrifuge for 2 min and pellet was washed with
50 ul of cold 70% ethanol. The DNA pellet was dried and dissolved in 50 ul of TE
buffer.

4.9.2 Gel treatment

In order to transfer DNA from agarose gel to nylon membrane, the agarose gel
from protocol 4.6 was treated with the denaturation solution (0.5 M NaOH and 1.5 M
NaCl) for 1 hr with shaking at room temperature. After that, the gel was shaking with
the neutralization solution pH 8.0 (1.0 M Tris-Base, 1.0 M Tris-HC], and 1.5 M NaCl)
for 1 br at the room temperature.

4.9.3 Transfer DNA to membrane

The transfer set illustrated in figure 4.2 comprised of 2X SSC-soaked
Whatman paper, the treated gel, nylon membrane, stack of dry paper towel and a light

weight at the top. The transfer step was complete after overnight.



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Environmental Biology) /27

weight
plastic plate

paper towels

Whatman paper
gel

nylon membrane

Whatman paper

transfer buffer

Figure 4.2. Capillary transfer of DNA from agarose gel. Buffer is drawn
from a reservoir and passed through the gel into a stack of paper towels. The DNA is
eluted from the gel by the moving stream of buffer and is deposited on a nylon
membrane. A weight applied to the top of the paper towels helps to ensure a tight

connection between the layers of material used in the transfer system.
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4.9.4 Hybridization and washing

The nylon membrane from protocal 4.9.3 was prehybridized with
prehybridization solution at 42 °C for overnight with gentle agitation. DIG-labeled
DNA probe was denatured by boiling at 95 °C for 10 min and rapidly added to the
prehybridized membrane and the membrane was then incubated for 16 hrs. The
membrane was non-stringently washed twice with 2 x SSC, 0.1% SDS at room
temperature for 5 min each. Stringent wash was performed twice with solution of 0.5 x
SSC, 0.1% SDS at 60 °C for 15 min each. Gentle agitation was necessary during all
steps of washing. The membrane was then color detected.

4.9.5 Chromogenic detection

Genomic DNAs of the Bactrocera strains were digested with the restriction
enzymes. The detection and analysis of hopper homologous sequences were done by
the kit protocal . The probes were labeled with the nonradioactive digoxygenin
systems of Boehringer Mannheim . The final wash of the nylon membranes was 0.5 x

SSC, 43 % formamide at 60 °C.

4.10. Sequencing and data analysis

All of the cloned PCR products were sequenced by the Bio Service Unit (BSU)
of National Science and Technology Development Agency of Thailand. For the data
analysis, DNA sequences were analyzed by the computer programe : CLUSTAL W is
used for sequences alignment (both of amino acid sequences and nucleotide

sequences).
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CHAPTER Y

RESULTS

5.1. Amplification and cloning of the hobo-related fragment in Bactrocera tau.
Degenerated oligonucleotide primers (Hp I and Hp II) based on the conserved
region in the transposase coding regions of the hobo element of D. melanogaster and
the Ac element of Zea mays as shown in figure 5.1 were designed and used in
polymerase chain reaction (PCR) to determine if the hobo-related sequences were
present in the genome of B. tau. An expected fragment of appr(_)ximately 470 bp in
length was observed and appeared to be consistent in size with PCR product expected
from a hobo element template as shown in figure 5.2. The PCR fragment was
subsequently cloned and sequenced. A search of the sequence database using the
BLAST program revealed a high scoring DNA identity with one of the hAT elements
called hopper transposable element of Bactrocera dorsalis (accession number
U70428) (42). DNA sequences analysis by the alignment of this 441 bp. fragment as
shown in figure 5.3 revealed 94% DNA identity of these sequences. The DNA
sequence alignment shows that there are deletions in the hopper transposase fragment
from B. tau when compared with the previous isolated hopper element of B. dorsalis.
This result also indicates that our 441 bp DNA fragment is a fragment of hopper

transposase but might not be a functional copy.
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Figure 5.1 Amino acid sequences alignment of hobo and Ac transposase
fragments. The amino acid sequence of hobo and the Ac transposase fragments were
aligned. The forward primer was designated as Hpl corresponding to the T (V/M)
DMWT amino acid sequence consensus between hobo and Ac, and the reverse primer
was designated as Hpll corresponding to the TRWNS consensus. Solid boxes between
the sequences indicate identities, and stippled boxes indicate conservative changes.
Dots within the sequences indicate gaps created to optimize the alignment.

(Modified from Calvi et al (2))
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Figure 5.2 PCR products of hobo-related fragments from B. fau. This figure shows
the amplified PCR products of the hobo-related fragments from the genome of B. fau .
Oligonucleotide primers Hpl and Hpll were used for this PCR reaction. The A-Hind
I1I-EcoRl DNA markers are shown in lane number 1. Lane number 4 is a positive
control from the initial PCR product template. At the beginning of PCR reaction, the
initial PCR product in lane number 2 was just a little amount of the amplified product.
For the PCR optimization, the concentrations of genomic DNA templates were varied
from 1, 10, 25, and 100 ng. The PCR products of these variations are shown in the
lane number 5-8 respectively. The 441 bp. PCR products were indicated by the arrow
and nearly consistent with the predicted 470 bp. fragment of the hobo-related fragment

from genome of B. dorsalis.
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PLUSTAL W (1.74) multiple sequence. aligament

hopperd TRACAGCCAGACATE T YT TTTGTCTOTAACTAGTCAT T TCA TTTAGGAAAGCAAARTGAA
Btau-HP TGACAGCCAGAAGTC Y T I TTIGY TG T AACT AT CATT TCAT TTGGEAT - = —mmmmm
R S S O O EEEYEET TS T T AT A AT AE RS FE REEF T T
hopper1 CTCACAG TCL TOGCARAL TRARGAAGT BT TCGGCTCACATAC TGCT CARRAT ATAGCCACH
Btau-MP —=——=—=TCCTOGCAAL TRANGARGTAT THGECTCACH TAGTECTCARART ATRECCACH
1‘#&3@uﬂ!!§==liﬁatttitﬁmtl&jﬁtuitmt#t!tt:ti?i*iixinmm
hopper GRATY RARRAGCATT TTTGACGAGTGGTCARTT TTTARCARAT TABT GARGATAG TGAGT
Btau-HP GRRTTARARAGCATTTITIGACOGAGT GGTEAR TTTTTARCAARAT AGTGACGATAG TGAGT
SAEAREFERKREREERXEEEL XL PRI AR AR EEEREER AR AR XD &
heppari AT FARCGE TGCAARTAT EARARRRGCGACARGGGATATACTBCARAAACACCACCACCTA
Btau-HP BATAACGHG TGCAARTAT TRARAARGLGAT ARGGEATRTACT GOARARRCACARGCAGCCA
EXEEXLE N RAEEER XK XTI LS t:s##mw#xztaunua#¢nttt FRAEXTE
hopperi TGTGTCOCTCACACCGT ARAT TTATOCH TTE TEGATOCTATAARGRC TS TCCTCAGATT
Btau-HP TOFGACOCTCACACOCTARAT TTRTGEGT TG TGGATGCT ATARAGACTGETCC TCAGAT T
kEXW it*x*t!*iﬂltt*t#t#iOéilﬂtdﬁdvniﬁ@!itttt#ttwiiniﬁﬁkxiWO%
hopperl TTAGAGCT TATARCOARATGCAGASE TATAGTARCATAT T TCCATCA TAGS TCT CAAGCA
Btau-HP TGRGHEGTTﬁTRHOERHHTEGHGAGGTHTHG!HRG&TRTTTcBHTCﬂ»-—~—-~—wﬁE¢H
EEFP R ERR R RRE ARV ERERAARARREET XX KRR RER LS f a2
hopperi GCAGARARACT TAAARR TRTGCARARBCARATOGGAGTAGCTGARD TTRAGATGARGCAR
Btau-HP GCAGARRAACTTARRRATA 16 TAAAAGCCAAAT GEOAGT AGOTEAAC TGA ~GAT GAAGLAA
!tvwtVttwttxxmmxxagmx'S?amxx*x**rw#t*tvtw*ww*mm # EREEEKPRER
hopperi GACGTTECT
Btau-HP GACGTTOCT

*eeRELEET

Figure 5.3 Nucleotide sequence alignment. Nucleotide sequences alignment based
on Clustal W (1.74) analysis between the DNA sequences of 441 bp. PCR product
amplified by using Hpl and HpllI primers with genomic DNA from B. tau (Btau-HP)
and the corresponding sequences from the hopper transposable element that was
previously isolated from genome of B. dorsalis (hopperl) (42). The identical
sequences are indicated by asterisks and the stop codons of each fragment are

underlined.
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5.2 Structural features of hopper transposable element from Bactrocera tau.

An oligonucleotide primer specific to the inverted terminal repeats of hopper
transposable element published by Handler and Gomez, ITR primer, was used in a
PCR reaction to investigate the hopper transposable element gene from genome of B.
tau. As shown in figure 5.4 the largest band of amplification products is consistent
with the previous data from Bactrocera dorsalis (42) which predict that this primer
would generate a 3.1 kb. PCR product from a full-length hopper clement. The
variation in the size and number of internal deleted hopper element was also observed.
The amplified products were cloned and the 3.1 kb. band was selected for both strands

sequencing.
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4mm 3.1 kb

Figure 5.4 PCR products of hopper transposable element gene from B. fau.
Ethidium bromide stained agarose gel containing putative hopper related sequence
amplified by PCR from genomic DNA of B. fau with the ITR primer. The A-Hind III-

EcoRI DNA markers are in lane 1 and the arrow at right indicates the 3.1 kb PCR

product.
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Figure 5.5. For legend see next page.
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2859
2881
2941
3001
3061
3121 TCGATAGTCCCCAACACTA

Figure 5.5 Nucleotide sequence of hopper transposable element gene. This figure
shows the schematic structural diagram of nucleotide sequence of hopper transposable
element together with the location of the putative hopper transposase gene. The 19 bp
inverted terminal repeats are in bold and underlined. The black box indicates the

putative ORF of hopper transposase.
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Examination of the DNA sequences shown in figure 5.5 revealed the presence

of a single long open reading frame that begins at the nucleotide 907th and ends at the

2859th position. There were 14 bp internal inverted repeats that located in positions as

shown in figure 5.6. These sites are internal to the terminal 19 bp. inverted terminal
repeats and asymmetric with respect to their distance from the hopper element ends.
This result is consistent with previous data showing that there are 10 bp. inverted
sequences near the 5° and 3’ ends of P element and these internal sequences are
required for transpositional activity of the P element ends (45). Conceptual translation
of this single long open reading frame yields a protein sequence comprising 651 amino

acids as shown in figure 5.7.

Internal inverted repeats (14 bp)

Nucleotide Sequences Position (5'-3")
ATTTTTTCGTTCAT 96-109
ATGAACGAAAAAAT 3088-3101

Figure 5.6 Nucleotide sequences of internal inverted repeats of hopper element.
Nucleotide sequences of the 14 bp internal inverted repeats of hopper transposable

element from genome of B. fau are shown with their positions.
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Figure 5.7 Schematic structural diagram of hopper element. The 19 bp inverted
terminal repeats are blacked. The boxed area represents the element itself, which is
flanked by target site duplications represented by white triangles. The element carries
a unique long open reading frame (ORF) potentially encoding a putative transposase
protein of 651 amino acids. The i and t letters indicate the position of initiation and

termination codons of this putative transposase protein.
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5.3. The deduced amino acid sequence of hopper transposase predicts a protein
similar to hobo, Ac, and Tam3 transposase.

Using the deduced hopper transposase sequence, the ORF sequence within the
hopper element was compared with the known hobo, Ac, and Tam3 transposase
sequence. Each of these three elements encodes a transposase that catalyzes its
mobilization. The ORF1 of hobo is 661 amino acid in length. Ac transposase is
thought to be 807 amino acids in length and the Tam3 transposase is encoded by an
ORF of 748 amino acids beginning from the first AUG (2). Comparisons of the entire
length hopper amino acid sequences with these three elements show that these
transposase protein sequences have a similar level of distant relationship ranging from

22% to 30% identity as shown in table 5.1.

Table 5.1. Pairwise comparisons of the amino acid sequence identities between

putative transposase protein of hobo, Ac, Tam3, and hopper elements.

hobo | Ac Tam3 | hopper
hobo
Ac 22
Tam3 23 30
hopper | 25 29 25

The amino acid sequence identities analyzed from the entire length of amino
acid sequences of h4T transposase ORF are shown. These data were based on Clustal

W analysis between these amino acid sequences.
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To better define the relationship among these 24T elements, the amino acid
sequences of their transposase proteins were aligned by using the Clustal W program.
Each of three elements encodes a transposase that catalyzes its transposition. The
ORF1 of hobo transposase is 661 amino acids in length (2). Ac transposase, encoded
within 5 exons, is thought to be 807 amino acids in length (37). Tam3 transposase is
encoded within a single exon, with an ORF of 748 amino acids (38). Our putative
ORF of 651 amino acids was aligned with these three amino acid sequences. There are
three conserved regions of these transposase sequences which were designated to A, B
and C region respectively (modified from Feldmar and Kunze, 1991 (40)) as shown in
figure5.8. The position of these amino acids regions located in the middle and C-
terminal regions of the transposase proteins of each element are shown in table 5.2.
The amino acid sequence identity of A, B, and C regions are shown in table 5.3. The
highest level of identity is found in ‘the C region with ranging from 32% to 60%
identity of amino acid sequences. This result also indicates that our putative functional
hopper transposase sequences has a similar level of genetic distant relationship to
hobo, Ac, and Tam3 transposase sequences. The secondary structure prediction
analysis by using the PROSIS program shows that there were several of the helix-turn-
helix structures among these three regions of these transposase sequences (data not

shown).
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Figure 5.8 Schematic representation of similar regions among hobo, Ac, Tam3
and hopper elements are shown. The boxes area represents the ORF of the
transposase sequences of each element. The conserved regions among these sequences

are designated to A, B and C and indicated with blacked regions.

Table 5.2. The amino acid positions in A, B, and C fragments of hobo, Ac, Tam3,

and hopper transposase sequences.

hobo Ac Tam3 hopper
A 227-313 297-384 270-354 218-301
B 315-392 400-486 368-453 306-394
C 587-639 684-736 645-697 582-634
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Table 5.3. The identities of A, B, and C fragments of hopper and hAT transposase

sequences.
(4) hobo | Ac Tam3 | hopper
hobo
Ac 15
Tam3 14 34
hopper | 38 30 25
(B) hobo | Ac Tam3 | hopper
hobo
Ac 18
Tam3 14 37
hopper 24 26 24
© hobo | Ac Tam3 | hopper
hobo
Ac 36
Tam3 40 60
hopper | 42 34 32

These data were based on Clustal W analysis between these transposase amino
acid sequences. The most identity is the C region and seems likely that this region has

a functional role in the transposition of h4T elements.
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Comparisons of the deduced hopper transposase sequence with those of the
hobo, Ac and Tam3 elements show that the putative hopper transposase protein
sequence may be one of the members of the 4T element family. Moreover, the
putative hopper ORF contains the conserved region between hopper and the other hAT
elements. As shown in figure 5.9, the region exhibits the highest levels of sequence
conservation among these AT element transposases and is located near their C-
termini. Given their conservation, it seems likely that this region has a functional role
in the transposition of 4T elements. However, the function of this conserved region

has yet to be established.

hobo okY, ; S SR AY. " SHWAGNY I TEKRNRL[6PEESVDSLLF
Hermes |3 LW Wh SSINASE "SIHAGNI I TEKRNRIXeR0¥IVDSLLF
homer  PAINLMAYAY QS A S ! 6N VDSLLF
hermit 13 ESH (RI $K VIR L L F
Ac MBWAWRGRVA RANISGSEINYEAIS I C
tag2 KI*WVERFK TN QAINEC
Slide [V AY KAREKH XASMRDS LEKE VIR
Tam3 'KAAAY RN EFJ L . ] A GSKKFCMI
hopper QNPRIN YRWDSKKAT A AZINDRENIIIKGEKIP QI I

Figure 5.9 Amino acid sequence alignment of C-terminal for the h4T elements.
Alignment of the C - terminal amino acid sequences for the #4T elements and hopper
is shown. identical residues are indicated by white letters on a black background. Data
presented here are obtained from the following GenBank accession numbers: hobo (D.
melanogaster), M69216; Hermes (M. domestica), L34807; homer (B. tryoni),
AF110403; hermit (L. cuprina), U22467; Ac (Z. mays), X05424 and X05425; tag2 (A.
thaliana), AF120335; Slide (N. tabacum), X97569 and Tam3 (A. majus), X55078

respectively.
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5.4. DNA sequence determining of target site duplications and inverted terminal
repeats (ITRs) of the hopper transposable element.

Inverse PCR, a variation of polymerase chain reaction that permit the
amplification of regions of unknown sequence that flank a known sequence, was used
to amplify and isolate the target site duplications and the inverted terminal repeats of
hopper element from genome of B. fau as shown in figure 5.10. Initially, genomic
DNA was digested with Msp I, the resulting fragment were circularized and those
containing hopper sequences were amplified by using PCR approach with
oligonucleotide primers, hop IX and hop X, based upon the sequence data of hopper
element from B. tau. Prior to amplify the circularized DNA was nicked by heating at
94 °C for 2 min. The expected 1.4 kb. PCR product as shown in figure 5.11 was
cloned and sequenced respectively. This expected 1.4 kb size of IPCR product was
estimated from the positions of IPCR primers (hop VIII and hop IX) and 3.5 kb
fragment from Southern blot analysis data. This Southern blot consists of the Msp 1
digested genomic DNA fragments of B. fau which were hybridized with the 3.1 kb
HPTAU probe as described in chapter 4.5. Figure 5.12 shows the DNA sequences
result of the target site duplications and the inverted terminal repeats of hopper

transposable element in genome of B. tau.
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A ; Sore HOST DNA
1 3172

pCRII
plasmid vector

Figure 5.10 IPCR strategy. This figure shows inverse PCR strategy that was used to
amplify and isolate the target site duplications and the inverted terminal repeats of
hopper element. (A) The 3172 bp hopper element within the B. fau genome is shown.
(B) Genomic DNA was digested with Msp I restriction enzyme. (C) Resulting
fragments were circularized by self-ligation. (D) The oligonucleotide primers, hop IX
and hop X, were used to amplify the flanking region of hopper element. (E) The
expected PCR product was cloned into a pCR IT plasmid vector for sequencing. The

inverted terminal repeats are indicated with the black arrowheads.
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1. 334 56

Figure 5.11 PCR product of IPCR. Ethidium bromide stained agarose gel containing
the insertion sites and ITRs sequences of hopper element. These sequences were
amplified by inverse PCR method with hop VIII and hop IX oligonucleotide primers.
The A-Hind 111-EcoRI DNA markers are in lane number 1 and lane number 3-6 are the
Msp 1 digested PCR product, PCR product of IPCR, and two clones of this PCR
product in the pCR II plasmid vectors respectively. The arrow indicates the expected

1.4 kb PCR products.
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A Target site duplication (8 bp.)

N - terminal C - terminal

YGTC GGC TG ¥ YGTC GGC TG *

B Inverted terminal repeat (19 bp.)

N - terminal C - terminal
¥TAG TGT TGG GGA CTATCG A ¥ ¥TCG ATA GTT CCC AAC ACTA”®

Figure 5.12 Nucleotide sequences of target site duplications and ITRs of hopper
element. (A) Nucleic acid sequences of the 8 bp target site duplications of hopper
transposable element from genome of B. tau. (B) Nucleotide sequence of the left and
right inverted terminal repeats were identified by alignment of complementary distal

sequences, which yielded 19 bp containing a single mismatch nucleotide (underlined).
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Comparison of the left and right terminal sequences of hopper element reveals
that it is composed of 19 bp. inverted terminal repeats with one single mismatch and 8
bp. of target site duplications. When the inverted terminal sequences of other members
of the hAT element family are aligned with those of hopper, they share a conserved A
and G at positions 2 and 5 respectively, in their left inverted terminal sequences and a
complementary C and T in their right terminal sequences as shown in figure 5.13. As
one of the functions of the transposase is to interact with the inverted terminal repeats
it should be interesting to determine the evolutionary relationship between the ITRs
sequences of this superfamily elements. The longest 19 bp ITRs of this hopper
element may represent the most informative data for evolutionary study. Moreover, all
these elements generate 8 bp. target site duplications upon transposition. These
observations suggest that hopper element may excise and transpose using an
enzymology similar to that employed by kAT elements and may perhaps be

evolutionarily related.
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Left ITR
hobo AACTGCA
Hermes AACAACAACAAG
hermit ATGTGCATGA
homer ATCTGCA
Ac ATGAAA
Slide CTG
Tam3 ATGTGAA
hopper TTGGGGACTATCGA
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Right ITR

TGCAGTTIQT CRRG
CTTGTTGAAGTTLQT CRAG
TCATGCACATIET CRAG
TGCAGCTEET CRRG

TTTCATLQC CRRA

CA ATHRA

TTCACAT{QT THRA
TCGATAGTTCCCA ACHERA

Figure 5.13. Nucleotide sequence of the left and right inverted terminal repeats

(ITRs) of member the hAT element family and hopper element. Bases identical

(A2:GS5) in all elements are in bold. Data presented here were obtained from the

GenBank database as described in figure 5.9.
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5.5. Studying the genomic representation of kopper element in Bactrocera tau.

To determine the genomic representation of the hopper element, Southern blot
of restriction digests genomic DNA was prepared from B. fau strains that were
collected from different geographical areas in Thailand and the other Bactrocera
species. An initial goal is to study the presence and the distribution of hopper element
in the genome of B. tau. The cloned 441 bp fragment of hopper transposase amplified
by using Hp I and Hp II oligonucleotide primers was labeled with the nonradioactive
labeling system and used as DNA probe. This probe was termed TETAU and used for
this hybridization. Figure 5.14 shows the results obtained with B. rau DNA:s,
representing strains from natural populations of different areas in Thailand, and the
other Bactrocera species. Although the hybridization and washing conditions used
were highly stringent (0.5x SSC and 60°C wash), hopper element are clearly present in

all strains tested and the multiple banding pattern shows different genomic location.
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A B
12348 1.23 45

9.46Kb—

4.26Kb —

2.26Kb—

0.58Kb —

Figure 5.14 Southern blot analysis with TETAU probe. This figure shows the
Southern blot hybridization of the hobo-related in B. fau and the other Bactrocera
species genomic DNA. In panel A, the genomic DNAs were digested with Hind 111
restriction enzyme and in panel B, the genomic DNAs were digested with Eco RI.
Lane 1-5 of each panel contain the genomic DNA of Bactrocera nongensis, B. tau
from Ubol ratchatani, B. tau from Nan, B. fau from Ranong, and B. tau from
Chumporn province respectively. Size standard markers are shown leftmost. These
fragments were compared with the single band of heat shock 70 kD to confirm the

complete digestion (data not shown).
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To detect the copy number and the genomic representation of this element, the
cloned 3172 bp hopper gene, amplified by using ITR primer, was labeled with the
nonradioactive labeling system and termed HPTAU probe. This DNA probe was used
to present the copy number and the genomic representation of the hopper element in
genome of fruit flies. The Genomic DNAs of fruit flies were digested with Msp 1
restriction enzyme. There are no known Mspl restriction sites within the hopper
sequence, so each hybridizing Mspl fragment potentially indicates the presence of a
copy of hopper transposable element. In figure 5.15, the Southern analysis also
permits an estimate of a few restriction fragments that may contain hopper-related
element in the genome of B. rau. This compares with more than 10 copies in the

genome of B. dorsalis.
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1 2 3 4 5 | kb
-23.7
-9.46
7.2 kb - : -6.75
5.0kb- -5.05
4005 | -4.26
3.5 kb - b _ 3.41
-2.26

Figure 5.15 Southern blot analysis with HPTAU probe. Genomic representation of
hopper in Bactrocera species. Msp 1 digested of genomic DNAs from different
populations of B. tau were used; these were strain trapped from : Ubol Ratchathani
(lane number 1); Nan (lane number 2); Ranong (lane number3) provinces and the
other Bactrocera species: B. dorsalis (lane number 4) and B. cucurbitae (lane number
5) respectively. Genomic DNAs were probed with nonradioactive labeled HPTAU
probe. Lambda DNAs digested with Hind IlI and Hind 111-Eco RI were used as the

molecular weight standards and marked at the rightmost.
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CHAPTER V1

DISCUSSION

Transposable elements are known to be ubiquitous components of genome, and
probably play an important role in eukaryotic evolution. The first step in
understanding the distribution of a particular transposable element is to investigate and
characterize the transposon gene from genome of organisms. In order to increase our
knowledge about transposable element distribution, we are doing the analysis of the
structure and distribution of hopper transposable element in genome of Bactrocera tau
(Walker) in Thailand.

We have isolated and characterized the structural properties of a new insect
hAT transposable element, the hopper element of bthe tephritid, B. tau . The hopper
transposable element is 3172 bp in length and contains 19 bp ITRs with one single
mismatch. It possesses a single long ORF that encodes a putative 651 amino acids in
length. Based on amino acid comparisons, the hopper element is as related to the

hobo, Ac, and Tam3 elements.
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6.1. The putative functional hopper transposase protein sequences

Our sequence analysis suggests that there is a putative transposase protein
coding gene in 3.1 kb hopper transposable element. This transposable element has
previously been isolated from B. dorsalis (42). Of interest is the finding that the
element that was described by Handler and Gomez contains the transposase ORF
discontinuity and the lack of 8 bp insertion site direct repeat which is consistently
present in all other h4T elements. These suggest that they do not possess characteristic
of an autonomous functional transposable element.

We have isolated the hopper transposable element from genome of Bactrocera
tau (Walker) by using PCR method. Unlike the previously isolated hopper element,
this copy contains a new putative-functional transposase gene that consists of an
uninterrupted ORF for 651 amino acids beginning with a start codon. The insertion
sites of this element have a perfect 8 bp. target site duplication. We found that the
short inverted terminal repeat termini is 19 bp. with a single mismatch.

The genomic representation of hopper transposable element in genome of the
B. tau from different geographical areas in Thailand shows differences in banding
patterns. This suggests that hopper elements are vary in copy number in B. tqu from
different geographical areas. These results show that this hopper element from B. tau
would correspond to a putative functional transposase gene and may infer a recently

active transposition within the B. tau genome.
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6.2. The hopper and hAT transposable elements

Although some sequence similarity among the Classll short inverted terminal
repeat element hobo, Ac, and Tam3 was first pointed out by Streck et al. (36) the
extent of this similarity was too weak to infer significant homology. More recently
Calvi et al. (2) have presented compelling evidence for a common evolution origin of
hobo from D. melanogaster, Ac from maize, and Tam3 from snapdragon, on the basis
of sequence similarity among their respective transposase genes which are
incongruous with the phylogenies of their host species.

When we compare the deduced hopper transposase protein sequences to the
transposase of hobo, Ac, and Tam3 elements, we found that the sequence alignment
was conserved in three regions in the middle and C-terminal regions of the transposase
proteins as shown in table 5.3. Out of these regions, the most identical one is ranging
between 32-60 %. This protein sequences alignment shows that a putative functional
hopper transposase has a similar distance with no more than 42 % identity from other
transposase protein sequences. These sequence identities appear to be considerably
closer than would be expected from strictly vertical transmission and independent
divergence from a common ancestral element present at the time of splitting of plant
and animal kingdoms. Taken together with these transposase sequences comparisons,
they are supporting that the hopper element may be an ancient predecessor to other

insect AAT elements, perhaps being a like or early branch from the non-insect

elements.
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6.3. Inverse PCR (IPCR)

The IPCR method was developed for amplification of regions lying outside
known sequences (46). This method has been used to isolate genes tagged by DNA
transposons in plants (47), to trap promoters with retroviruses in cultured mammalian
cells and to identify TntI insertions in transgenic Arabidopsis (48). We have employed
IPCR here to clone the inverted terminal repeats termini and insertion sites sequences
of hopper transposable element from genome of Bactrocera tau. These sequences may
contain important functional regions, notably the priming sites for transposase

enzyme, as well as the host sites targeted during transposition.

6.4. hAT elements inverted terminal repeats

A comparison of the inverted terminal repeats (ITRs) of hopper with those of
the other members of the A4 T family revealed a sequence similarity. These elements,
although have inverted repeats of various lengths and sequence compositions, all have
an A at position 2 and a G at position 5 of their left termini, and complementary bases
at the corresponding positions in their right termini. This observation suggests that
these nucleotides play a central role in the biochemistry of transposition in this family
of elements. This A2G5 pattern is unlikely to be fortuitous. All these elements share
the common feature of generating an 8 bp insertion site duplication. These similarities
suggest that these hAT elements may share common enzymologies in their

transposition mechanisms.
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CHAPTER VII

CONCLUSION

1. A gene of hopper transposable element in the genome of Bactrocera tau (Walker)
was isolated by using the PCR approach.

2. This hopper element is 3172 bp in length and consists of 19 bp inverted terminal
repeats with single mismatch.

3. The insertion sites of hopper element have a perfect 8 bp target site duplication.

4. Unlike the previously isolated hopper element from Bactrocera dorsalis by
Handler A.M. and Gomez S.P. in 1997 (42), this copy of hopper contains a new
putative-functional gene that consists of an uninterrupted ORF for 651 amino acids
in length.

5. The comparison of the deduced hopper transposase protein sequences to those of
hobo, Ac, and Tam3 elements shows that the sequence was conserved in
three regions in the middle and C-terminal regions of these elements. Out of
these regions, hopper transposase has a similar distance with no more than 42%
identity from other transposase protein sequences.

6. The genomic representation of the hopper transposable element in the genome of
the B. tau (Walker) from different geographical areas in Thailand shows
differences in banding patterns.

7. We suggested- that this hopper transposable element évould correspond to a

putative-functional transposase gene and may infer a recently active transposition.
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