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Abstract

A telomere is a repetitive segment of DNA located at chromosome ends
in eukaryotic cells. Telomere maintenance is vital to the cell’s ability to divide
and is believed to be important in both cancer and aging. Most eukaryotic cells
utilize telomerase to rebuild telomeres after each cell division. However, in
Drosophila melanogaster telomere maintenance is performed by HeT-A, a
transposable element. In spite of the detailed information about HeT-A in
D. melanogaster, little is known about the distribution of HeT-A outside of this
species. The main objective of this research project was to determine whether
other species of Drosophila also possess HeT-A transposable elements within
their genomes.

Using the polymerase chain reaction (PCR), the HeT-A transposable
element is amplified from the genome of D. teissieri, a close relative of
D. melanogaster. This represents the first time that a HeT-A sequence has
been identified using PCR. Comparison of the HeT-A sequence from D. teissieri
to a HeT-A sequence from D. melanogaster reveals a 60.6% nucleotide identity.
In contrast, an 83.0% sequence identity is reported for comparison of the
D. teissieri HeT-A sequence to the HeT-A sequence from another species,

D. yakuba. |dentification of HeT-A transposable element in other species of
Drosophila is important for future research to elucidate whether or not the
HeT-A transposable element performs the same telomere maintenance function

in other Drosophila species as it does in Drosophila melanogaster.




Introduction

Telomeres are repetitive DNA segments located at the ends of
eukaryotic chromosomes. Most eukaryotic cells utilize the enzyme telomerase
to maintain telomeres after DNA replication (Meyerson et al. 1997). However,
in Drosophila melanogaster telomere maintenance is performed by HeT-A, a
transposable element (Biessmann et al. 1992).. Transposable elements are
genes that are capable of excising themselves from one location in the genome
and reinserting into another. In spite of the detailed information available
about HeT-A in D. melanogaster, little is known about the distribution of HeT-A
in other species of Drosophila. To date, a HeT-A sequence has been reported
from only one other species, D. yakuba (Danilevskaya et al. 1998a).

The objective of this research project is to determine whether other
species of Drosophila also possess the HeT-A transposable element in their
genomes. Accomplishing this goal will require (1) Genomic DNA extraction
from selected species of Drosophila, (2) Optimization of the Polymerase Chain
Reaction used to amplify the HeT-A sequences, (3) Isolation and Cloning of
amplified HeT-A genes from Drosophila and (4) Sequencing HeT-A gene
fragments for comparison to the known sequences of the HeT-A elements of

D. melanogaster and D. yakuba.




Materials and Methods

Flies were obtained as live cultures from the National Drosophila Species
Resource Center, Bowling Green, OH. Genomic DNA was isolated by
homogenizing approximately one hundred adult flies in an extraction buffer
(0.1M NaCl, 0.2M sucrose, 0.01M EDTA, .03M Tris/ pH 8.0). Cells of resulting
homogenized tissue were lysed using 220ul of a lysis buffer (20% SDS, 0.25M
EDTA, 0.1M Tris/pH 8.0), which rendered the membrane components soluble,
The cellular debris was then pelleted in a centrifuge (10,000 xg) leaving the
nucleic acids and some proteins in the supernatant. Two Phenol-ether
extractions followed which removed the proteins from the nucleic acids. 20l
of RNase was then added to digest the RNA, leaving only DNA. The DNA was
precipitated with excess ethanol and the pellet suspended in TE Buffer (0.01M
Tris and 0.001M EDTA/ pH 8.0).

The concentration and purity of DNA was determined by UV
spectroscopy. A 100-fold dilution of the DNA sample was made in diH,0 and
the UV absorbance was measured at wavelengths between 220nm and 320nm.
The concentration was then calculated using the extinction coefficient of DNA
and the purity was determined by comparing the absorbance of the DNA sample
to the absorbance of known impurities such as protein and phenol (Figure 1).
Once the purity and concentrations were determined, the volume of the
sample was adjusted to achieve a working concentration of 400ng DNA/ul of

solution.




The Polymerase Chain Reaction (PCR) is a DNA amplification procedure
that mimics the normal process of DNA replication. In PCR, genomic DNA is
added to a reaction tube with all of the ingredients necessary for DNA
replication. General PCR conditions for a single reaction are described in Table
1. Specific primers, listed in Table 2, are used to amplify only a relatively
small segment of DNA (<10,000 base pairs) that corresponds to the gene of
interest. The primers used here target the more highly conserved regions of
the HeT-A gene sequence. In addition, two sets of rRNA primers were used for
positive controls. The reaction tube was continually cycled over three
different temperatures within a 36 block Perk and Elmer Thermocycler: 94°C
for 1 min to denature the DNA strands, 37°-50°C for 1 min for annealing of the
primer, and 72°C for 1 min for polymerization of the new strands of DNA. Just
as DNA synthesis prior to cell division doubles the entire genome of a cell, each
cycle of PCR doubles the amount of DNA of the gene being amplified in a
reaction tube. After a sufficient number of cycles, the PCR product was
visualized by 1.0% agarose gel electrophoresis to reveal the size and amount of

the amplified product.

Table 1. Reagents Used For the Polymerase Chain Reaction

'H20 'dNTPs  PRIMER 1 PRIMER 2 | Buffer MgCl2 Taq | Template
Final Concentration | (---) 200 yM 250 nM |250 nM | 1X |5.0 mM 0.125U 5-100 ng/ul
Volume/0.025 ml RXN 15.625ul 2yl 1.25p1  [1.250  2.5u | 1.25pl | 0.125p 1yl
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Table 2. Oligonucleotide Primers Used to Amplify the
HeT-A and Ribosomal mRNA Genes

Primer ' Gene Target | Sequence 5'-3

5'UTR-1F | HeT-A | AAAGCCAGGGTATTTATACC

ORF-2F |HeT-A | ATGAGYTTYTCNGARGTGGTNGC

ORF-1R |HeT-A | TCCCGYTTNGCNGCAGGNCGG

ORF-3F ' HeT-A | CARGCNAARGAYATGACNGC

ORF-3R |HeT-A | GNGTCATRTCYTTNGCYTG

ORF-5R |HeT-A | CGCCAYTTRTTNAGNCGYTTYTG

ITS-1 7246 rRNA | GCTGCGTTCTTCATCGAC

ITS-1 7247 |rRNA | CGTAACAAGGTTTCCGTAGG

185- 937  rRNA | GTGCTTCATACGGGTAG

18S- 938 | rRNA CAGCACCATAATCCTG

Following electrophoresis, bands containing amplified DNA fragments
were excised from the gel, eluted and then purified using a silica-based DNA
purification method (Gene Clean, Bio 101). Purified DNA was ligated into the
cloning vector PCR 2.1-TOPO (Invitrogen) at a 1:3 (vector: insert) ratio to
create recombinant plasmids. The plasmids were then used to transform
competent E. coli cells. Blue/White screening was used to identify those
bacteria containing plasmids with an insert of the PCR product. LB broth was
inoculated with white colonies and the cultures were grown at 37°C overnight
to amplify the plasmid DNA.

Plasmid DNA was isolated using the Qiagen plasmid isolation kit. To
verify that the plasmids did indeed carry the HeT-A insert, a sample of the
purified circular plasmid was digested with the restriction enzyme EcoR |. The
digest was examined on an agarose gel that included a 1kb size standard. This

allowed an estimate to be made of the sizes of both the plasmid and the HeT-A




PCR fragment. Once verified, plasmids were sent to the University of Utah for
automated DNA sequencing. The DNA sequence was then compared to the
HeT-A sequence from D. melanogaster and D. yakuba using the method of

Person et al. (1997), available at http://www2.igh.chrs.fr/bin/align-guess.cgi.

Results
DNA was isolated from four different species of flies. These species

were chosen because they all belong to the melanogaster species group of the
genus Drosophila. Figure 1 shows spectrophotometric data of DNA isolated from
D. melanogaster, D. ananassae, D. takahashii and from D. teissieri. Using the
values of absorbance at 257 nm, the DNA concentration of each sample was
calculated using the following equation:

(A2s7)(Dilution Factor)(Extinction Coefficient) = DNA Concentration (ng/l)
Figure 1. Spectrophotometric data of DNA isolated from D. ananassae (1a), D.

melanogaster (1b), D. takahashii (1c) and from D. teissieri (1d).

figure 1a figure 1b
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To verify that the DNA was of sufficient purity required for PCR, PCR was
performed using one of two primer sets, specific for ribosomal RNA gene
sequences (Table 2). The primer set ITS-1 7246 and ITS-1 7247 targets the
internal transcribe spacer separating the 18s rRNA gene and the 5.8 s rRNA
gene. The 18S-937 and 18S-938 primer set targets a portion of the 18s rRNA
gene. Since all flies have rRNA genes, amplification with these primers is
expected to be successful. These constitute positive control reactions.

Different concentrations of template DNA were used to determine if the
DNA concentration influences the success of the PCR. All reactions for
D. ananassae (Figure 2a) used a 50°C primer annealing temperature. Reactions
in lanes 1-3 utilized primers ITS-1 7246 and ITS-1 7247, and reactions in lanes
5-8 utilized primers 185-937 and 185-938. Reactions in lanes 1 and 6 used 5ng
template DNA. Reactions in lanes 2 and 7 used 25ng DNA; reactions in lanes 3
and 8 used 100ng DNA. The reaction in lane 5 used 1ng DNA. These positive
results indicate that the DNA from D. ananassae can be amplified under the
general PCR conditions described in Table 1.

All reactions for D. melanogaster (Figure 2b) were performed with a
50°C primer annealing temperature. Reactions in lanes 1-4 utilized primers
ITS-1 7246 and ITS-1 7247 and reactions in lanes 6-8 utilized primers 185-937
and 185-938; reactions in lanes 1 and 6 used 1ng template DNA; reactions in

lanes 2 and 7 used 5 ng DNA; reactions in lanes 3 and 8 used 25 ng DNA.




The reaction in lane 4 used 100ng DNA. These positive results indicate that the
genomic DNA from D. melanogaster can be amplified under general PCR
conditions (Table 1).

The reactions for D. takahashii (Figure 2c) all used a 50°C primer
annealing temperature. The reactions in lane 2 utilized primers ITS-1 7246 and
ITS-1 7247, and the reaction in lane 3 utilized primers 185-937 and 185-938.

A 100 bp size standard (Life Technologies) is shown in lane 4.

Figure 2. Results of PCR Using rRNA specific primers. Template DNA was from

D. ananassae (2a), D. melanogaster (2b), and D. takahashii (2c). The 1 kb size
standard (Life Technologies) is located in Figure 2a lane 4; 2b, lane 5; and 2c, lane 1.
The 1 kb size standard has bands of 12.216 kb; 11.198 kb; 10.180 kb; 9.162 kb; 8.144
kb; 7.126 kb; 6.108 kb; 5.090 kb; 4.072 kb; 3.054 kb; 2.036 kb; 1.636 kb; and 1.018
kb, top to bottom.

After verifying that the various DNA samples were pure, it was necessary
to search for the optimal conditions for using the HeT-A primers. PCR is a
method in which DNA is replicated in vitro. Among the variables that affect

the success of PCR are DNA template concentration, primer sequences, MgCl;
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concentration, dNTP concentration, and cycling temperatures (Innis and
Gelfand 1990). The primer annealing temperature is particularly important
because PCR will be successful only if the primers anneal to the target
sequence. The HeT-A primers used for PCR here were designed from the HeT-A
sequences that have been reported from D. melanogaster (Danilevskaya et al.
1998a) The predicted DNA fragment sizes for the primer sets used are listed in

Table 3.

| Table 3. Primer Combinations
Pimer 1 Primer 2 Expected Fragment Size
5-UTR-1F ORF-1R | 1040 bp

ORF-2F ORF-3R  |630 bp

ORF-2F |ORF-5R 1400 bp

ORF-3F  ORF-5R 785 bp

5-UTR-1F ORF-3R 1730 bp

Figure 3. PCR results from primers ORF-
3F and ORF-5R. D. melanogaster,
Figure 3a and D. ananassae, Figure 3b.
Lanes 5 and 6, Figures 3a and 3b,
represent 1kb and 100bp size
standards, respectively.

11




Figure 4. Results of PCR using variable
amounts of MgCl, and primers with DNA
from D. ananassae. Lanes 5 and 6
represent 1 kb and 100 bp size
standards, respectively. The bottom
arrowhead shows a faint band of the
expected size (785 bp) and the top
arrowhead shows a band of anomalous
size.

The HeT-A primers ORF-3F and ORF-5R were first tried with DNA from
D. ananassae. The reaction conditions included annealing temperatures that
began at 37°C and rose slowly over a two minute interval to 72°C. It was
reasoned that relatively low annealing temperatures would be forgiving if the
primers did not match the target sequence exactly. The results for
D. melanogaster DNA are shown in Figure 3a, and for D. ananassae in Figure 3b.
All Reactions used 10mM MgCl; concentration. For both template DNAs,
reactions in lanes 1 and 3 used 10ng of template DNA, and the reactions in
lanes 2 and 4 used 100ng of template DNA. The reactions using DNA from
D. ananassae are characterized by the lack of discrete bands and excess
smearing (Figure 3b). In contrast, the reactions from D. melanogaster show

bands of the correct size and little smearing (Figure 3a).

12




Since MgCl; concentration and primer concentration can both affect
primer binding specificity (Innis and Gelfand 1990), reactions were tried with a
range of concentrations of each. These results are shown in Figure 4.

Reactions in lanes 1 and 2 used a MgCl; concentration of 10 mM, and reactions
in lanes 3 and 4 used a MgCl; concentration of 15 mM. Reactions in lanes 2 and
4 used a primer concentration of 1uM, and reactions in lanes 1 and 3 used
500nM primers. All reactions were run with a primer annealing temperature of
50°C. Although a faint band of the expected size is seen in lane 1, there is an
anomalous band present as well. None of the other reaction conditions were
successful.

These results suggest that the primers designed from D. melanogaster do
not work well with DNA from D. ananassae. Additional experiments, utilizing
different primers, were performed on DNA from D. takahashii and D. ananassae
(Figure 5). Reactions in lanes 1 and 2 of Figure 5 used primers
UTR-1F and ORF-3R and 20ng D. ananassae DNA with a 37°C primer annealing
temperature. These same reactions also used a dNTP concentration of 400uM
and a MgCl; concentration of 15mM. Reactions represented in lanes 3 and 4
used the primers 5’-UTR-1F and ORF-3R, the reactions in lanes 5 and 6 used the
primers ORF-3F and ORF-5R.

The results in Figure 5 show that the primer combinations 5-UTR-1F and
ORF-3R (lanes 1-4) and ORF-3F and ORF-5R (lanes 5 and 6) amplify DNA
fragments similar to the sizes expected. However, due to the less stringent

reaction conditions used here, numerous additional bands are also seen.
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Thus, these reactions are not appropriate for cloning the HeT-A fragments.
Since much time was spent exploring various PCR conditions with no success, it
was decided to try DNA from a third species, D. teissieri. Among these three
species, D. teissieri is more closely related to D. melanogaster than either

D. ananassae or D. takahashii (Bock 1980). Thus, we would expect the HeT-A
genes from this species to be more similar to those from D. melanogaster.

After trying a number of conditions (data not shown), amplification with
D. teissieri DNA was found to be optimal with a MgCl; concentration of 15mM,
20 ng template DNA, the primer combination 5’-UTR-1F and ORF-3R, and a 37°C
primer annealing temperature. As seen in Figure 6, lane 1, a single intense
band of approximately 1600 bp is produced under these conditions. This
fragment is only slightly smaller than the 1730 bp DNA fragment predicted from
the HeT-A sequence from D. melanogaster.

The fact that the PCR fragment amplified from D. teissieri is only 1600
bp suggests that some of the nucleotides have been deleted in the HeT-A gene
from this species. To verify this and to examine the molecular differentiation
between the HeT-A genes from D. teissieri and D. melanogaster, this fragment
was subsequently isolated from the gel and cloned into the vector PCR-TOPO
2.1. Following transformation, six white colonies were used to inoculate LB
broth and cultures were grown overnight. Following DNA isolation, a plasmid
carrying an insert of the correct size (1600 bp) was prepared for automated

DNA sequencing.
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i 1l1ne.

figure 5

Figure 5. PCR results for D. ananassae
(lanes a and b) and D. takahashii

(lanes c-f). The primer combination
5-UTR-1F and ORF-3R was used for
reactions in lanes a-d. The primers
ORF-3F and ORF-5R were used in

lanes e and f. The 1 kb size standard is
shown in lane 4.

Figure 6. Results of PCR from D. teissieri.

The arrowhead shows an intense discrete
band of 1600 bp in lane 1. The 1kb size
standard is shown at the far right.
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Figure 7 is a schematic representation of a coding region of the HeT-A
transposable element from D. melanogaster. Relative locations of primers
5’-UTR-1F and ORF-3R are shown in relation to the open reading frame (ORF) of
the gag protein. Gag genes compose a significant amount of the coding region
of retrotransposons and retroviruses and are necessary for active transposition
of most replication-competent retroelements and retroviruses (Pardue et al.
1996). The HeT-A gag sequence is expected to be somewhat conserved among
different species. Although the precise role of the 5 untranslated region (UTR)
is not known, portions of this sequence are also conserved among different
species (Danilevskaya et al. 1998a).

Figure 7. Schematic representation of the HeT-A element from 5’
D. melanogaster. Depicted are the 5 - untranslated region (UTR) and 3’ untranslated
region (3" UTR) and the open reading frame (ORF) for the gag protein. Also shown is

the 1730 bp fragment expected from amplification with primers 5’-UTR-1F and
ORF-3R.
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The DNA sequence of the PCR fragment from D. teissieri was compared
to a HeT-A sequence from D. melanogaster and revealed a 60.6% nucleotide
identity (Figure 8a). The sequence from D. teissieri was also compared to a
HeT-A sequence from D. yakuba and was found to be 83.0% identical.(Figure

8b)
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Figure 8a. Sequence alignment of HeT-A elements of D. melanogaster and

D. teissieri. Sequence from D. melanogaster is shown on the top lines and
sequence from D. teissieri is shown on the bottom lines. Dots between these
lines indicate identical sequence between the two species. Dashes within the
sequences were introduced by the program to maximize the alignment.
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GeneStream align Hame Page http://www2.igh.cnrs. fr/bin/align-quess.cgi

Please site: Person, W.R., Wood, T., Zhang, Z., and Miller, W. (1997)
Comparision of DNA sequences with protein sequences, Genomics 46: 24-36

> D. melanogaster/9D4a 1589 nt vs.
> D. teissieri/Dt-1 1647 nt
scoring matrix: , gap penalties: -12/-2

60.6% identity; Global alignment score: 1995

10 20 30 40 ‘
907304 2A- GCCAGGGI‘ATITHEACTITACAA——G]JATCG’LT——TIAACAEE AT

----------- IR s s s assass s T R b3
-----------------------------

AAAGCCAGGGTATITATACCAGAAAAAAGTATCGITCCI‘ITACATATAGICAGCAGATAT
10 20 30 40 50 60

50 60 70 80 90 100
907304 AAAAACCAACATG’ICCRTGICCGACAACCIATPI‘ICTGACGAIGAGGEACFITCAMTIC

-
: ]

TA'IGGCCAATATAA‘I‘ACICIC‘IGAC —GCI'—'IC‘I'ICAAACGACGAAGCGC’ICACCCTAET
70 80 90 100 110

110 120 130 140 150 160
907304 CTCAAGCCCAGAACAGCGATCTICCCCITPCTACTTAAATATAICGCCCAIG‘ICCAACGG
CICGAGCCCAGAAAGACAAAATACCCCHTCIACCIGGAAATAICGCCCATG’ICCCAIGA
120 130 140 150 160 170

907304 MCAGATAMTTCAGAITAATACTATAAMTTAATCAGAAGAAATTGCCCICAAATCA
TICTAACAACICCCAGITCAATAICAACATAATTAACATGAAAAAACTG‘ICTICAAACCC
180 190 200 210 220 230

907304 AGCAAACATAAGTCTAAAAAACTCTTCTGGGGCTGCTATAAAAATTGTTAGTTCC-CTTT

290 300 310 320 330 340
907304 CACATAAGAAGAAAGAGAACTCAAACACTAAEATGCCCAAAAAGACCCCCICICACICA

--------------------------------
-------------------------------

CPHATAAGGGGAAAGAGAATAGGAAAAACGAAAA&GCCCAAAAAAACCCGCICICCCITA
300 310 320 330 340 350
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350 360 370 380 390 400
907304 CCAATACTACTGCAAGCACTTGHGGCGCCAAAAGCAGCAICACAGAGGGGAAATTGECTT

420 430 440 450 460 470
460 470 480 490
907304 ATT TGAGA: GGCGCCAAAACGAGCGATGCAATGGGAAGTT
. ATGCAGCTGAAATTACTAATACCAACACGGATGACAAARAAGAGTGACGCTCTCAGAAATT
480 490 500 510 520 530
500 510 520 530 540 550

907304 TCCKIHIHIHIH(E(EKEKKK3¥EKﬂ3KKEﬂEK¥K2HQQVHIHIEKKﬂIﬂHffACCAAAA

------ H - L R 4 R s sespese
----------------------------

Tf{IIHTCCCAATACATGAAGACAACAGCATAGAGAGAAACCTCAGTACATCTACCAAAA
540 550 560 570 580 590

560 570 580 590 600 610
907304 TTGGACCAAATGCIT(HHIIIKECﬁ3TCTCAIGCACACACACACACTAGCAAAICCTCTA

e = 2es sa  esesconss T tzirTere eseee -
---------------------- -

TTGACHCTRAAGCCAETT(IKIHI?(HCHKHHTCACCCACACACACAAGCAAIGHTATTA
600 610 620 630 640 650

620 630 640 650 660 670
907304 AE%TAAGCTTAGAAAICCGCTCAAAAI%ECCCGCGCTTGCCAATACTGACGCACGCTCCA

. o - e s o ees e see esesssssee ® o8 eevecsesssoe
.

660 670 680 690 700
680 690 700 710 720 730
907304 AAAAAGCCAAIGTTAATGACAG’IGG——GGAAATATI‘CICCCCACTIATACAAATTGACGA
_ e CAATACI'IGIGACAATAGCAGGGACIA canC. CAAGATGA—-A
710 720 730 740
740 750 760 770 780 790

907304 ACGCAAGCAAGAAGAAAGGCCTTGCACAACT@H(EEKKKHHHHHEEH(EEHTTTTEAACC

------------ -
------ HH- e a8 s es -

_ ACGCAACATAGA—————————- TECCTAACTCGCAATACTTTPTTNCAAAACCCATATNC
750 760 770 780 790
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800 810 820 830 840 850
907304 CAAGCCGGACGTIACTAAACCAAGCCTAAATAGGAAACCCA——CCAAICCCACTAGAAHT

-----------

860 870 880 890 900 910

---------------------------

920 930 940 950 960

---------------

- 920 930 940 950 960
970 980 990 1000 1010 1020

907304 AJTT%CCH33ﬂ33XIIEﬂIIH3¥{KIXIIKHEI%GCCAAGCGGGAITT%JTT%AAICAT

- 2 & ses & ecesecssesssseeseesereE 3 Sseesan
= e @#s  @ @8 wes @& © 8T ELELEESNEEEEEEEees © soesseos

CHTCH%CATCTA —GAACCCTCAACCGGCCTGCAGCCAAGCGGGACCTwTTTAAATL~T
970 980 990 1000 1010

1030 1040 1050 1060 1070 1080
907304 CHR&IK?¥X§¥KIKKEGACGM33KIIHﬂEGAGTPTTHJX¥¥£HGGTDKIKKIECGG

L] T 2 2T treassessss eesesseaecasss :
R - - B - - - B s S

CACCCCCCAATAGCACGGGCGCACAGCCTATGAGAITTTCGGAAGTGGTGGCCGGAACCG
1020 1030 1040 1050 1060 1070

1090 1100 1110 1120 1130 1140
907304 GHTCAHTPFEHXIKIXXXIER?RXJXXXIKEKIHCT%ACGAAAACTCCAGGCAAGCGGA

: b sse 2 22 sereeseea  eeceeses ? gprrIsees

GTACAGGACTAGTGGCAHfIHIﬂGAICCGGCACCAACPHIH&&ﬂKKXKKKKXBQXKKIE&

1080 1090 1100 1110 1120 1130
1150 1160 1170 1180 1190
907304 CAA—————— ACGACGATCTTGACTGCT ————CCAA——C‘I'ITAAGACGCCCAATAAAAAAA

.o v L4 . HA 133 trer es ss ssses sssseses
ee = ee = ee 8 88 see 2 eswwe s-e se essss esessssa

AAAITTCCAACATGGACATGGAE%GCTTCAGCCAAAGCTACAAAACGCCTAATAAAAAGG
1140 1150 1160 1170 1180 1190

1200 1210 1220 1230 1240 1250
907304 TT%EGCGCGACTTCCAACTTTEH%ACTCCCAGCAITTTTCCGCCGCTCATCAEECCCGTT

----- . ° szs: : .
ccccccccc .

_ CkIﬂIIKIHXXIIK13¥EPPPBQUGACCCCAAACCCTCICCCCCCCCTAGCTACCCCCATC
1200 1210 1220 1230 1240 1250
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1260 1270 1280 1290 1300 1310
907304 TH(EVK2¥XE¥XKIE¥IIK3U¥HIR3PFTACGAGGAATCCAAAGCCAGAAAIGGACCCCCC

------------------- .
e H .

TTTAAAAGCAAAGCGGCCARATGTATTCCCGAGGAAATCARAGCC CC

1260 1270 1280 1290 1300
1320 1330 1340 1350 1360 1370

907304 CCGCCGGCCACCGCCTGCAGCAICAA1GCCTCTGCTCGCAGCGCAGCG—CGCCACCCGGA

T 23T T 3T v se mea e+ seesseees
---------

CCGCTACCCA—43R1¥¥§¥IHIU¥¥KIIIEIH%CACGCAGCGCACCGGCGCAAACTGAT

1310 1320 1330 1340 1350 1360
1380 1390 1400 14190 1420 1430
907304 ATTGCCCCCCTACCCCCTCAARAACACAGATACAGAGCTGCCTCCATGGARAATCGTGCCC
_ ATTGCCCCCC——-CCTCTAAAAATTCGGCTACTGAACTGCCCCCGTGGCARATAGTGCCA
1370 1380 1390 1400 1410 1420
1440 1450 1460 1470 1480 1490

907304 CAGAGCCGTAGAGCACCCCCTATACTCGTCAATGATGTAAAGGAAATTGTACCTCTACTG

1430 1440 1450 1460 1470 1480

1500 1510 1520 1530 1540 1550
907304 GAAAAGCTGAACTACACAGCAGGAGTCTCCAGCTACACTACCAGG— —GCTATAGAAGGA

----- s a8 s 00 e s s s s s 008 :
-------------------

GAAAAACTAAHPDN3H3KKB¥KXXIK1yKE&HHTCACAACAAAAACAGCTAEAG— -GT
1490 1500 1510 1520 1530

1560 1570 1580
907304 AACGGGGTCAGGATACAGGCAAAGGACATGACCGCC
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Figure 8b. Sequence alignment of HeT-A elements of D. yakuba and

D. teissieri. Sequence from D. yakuba is shown on the top lines and sequence
from D. teissieri is shown on the bottom lines. Dots between these lines
indicate identical sequence between the two species. Dashes within the
sequences were introduced by the program to maximize the alignment.
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GeneStream align Hare Page http://www2.igh.cnrs.fr/bin/align-quess.cgi

Please site: Person, W.R., Wood, T., Zhang, Z., and Miller, W. (1997)
Camparision of DNA sequences with protein sequences, Genamics 46: 24-36

> D. yakuba 1581 nt wvs.

> D. teissieri/Dt-1 1647 nt

scoring matrix: , gap penalties: -12/-2

83.0% identity; Global alignment score: 4726
10 20 30 40 50

586874 EﬂQ¥KX3¥X1}U¥PPEATACCACAAAAArCHEﬂxKIEHJTPPIACAIETAGTCAGCAAATAT

_ AAAﬁIK3Kl33IAITT?U3KXﬂKB¥¥¥U¥XIHNH3IHﬂ33PTTACATAI%&H(¥&K¥¥§¥H¥F
10 20 30 40 50 60

60 70 80 90 100 110

586874 T%TGGCCCAAGTAAITCTCD3H2EX3KHIHHx3¥¥¥ﬂﬂ¥K¥¥XHEIHIEIHCHHETCEC

----------------------------------
------- H e ecscesoass e I EEEEE] e ae s o8

TAIGGCCAATATAAJPEH(ﬂIHGACGCTTCETCAAACGACGAAGCGCTCACCCT%ETCEC
70 80 90 100 110 120

120 130 140 150 160 170
586874 GAGCCCAGAAAEHIEEEwHEKIKKETTCTQCCTGGAAATCTCGCCCAEGTCCCAAAAETC

----------------------------------------------------
----------------------------------------------------

180 190 200 210 220 230

---------------------------------------------

. 1EUM3AACﬂXX3ZAEHHIEU¥EAﬂ(3¥¥3¥IAAE1EU¥:AEKB¥¥¥¥¥¥IRSTCET(EE¥¥IKZDGA

240 250 260 270 280 290

------------------------------------------------------
-------------------------------------------------------

AAJT?@KEKIR3DAAAAAACCCE1IIIEKKXIH}3IAHEuVUXERTPEAAAE(KEKIEENﬂXEA
250 260 270 280 290 300

300 310 320 330 340 350
586874 TAAGGGGAARGAGAATAGAGAAAACAMARAATGCCCAAAAAGACCCGCTCTTCCTTACTAA

-------------------------------------------------------
-------------------------------------------------------

TAAGGGGAAAGAGAATAGGAAAAACGAAAATGCCCARARAAACCCGCTCTCCCTTACTRAA
310 320 330 340 350 360
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360 370 380 390 400 410
586874 T%CCAATAAAGAAACAGCTGGCGCCAAAAGTAGCGTCTCAAATGGGCCAGTGGTTTCCCT

------------------------------------------

420 430 440 450 460 470

-----------------------------------------------
-------------------------------------------------------

480 490 500 510 520 530

-----------------------------------------------------
------------------------------------------------------

540 550 560 570 580 590

---------------------------------------------------
----------------------------------------------------

600 610 620 630 640 650

-------------------------------------------------------
-------------------------------------------------------

CTCTAAAGCCATTTCCCCTCACTCTCTTTCACCCACACACACAAGCAATGTTATTAACAT

610 620 630 640 650 660
660 670 680 690 700 710
586874 AAGCACAAACAGC(EKﬂIH¥¥¥¥{HIIKIIKKﬂHEKEAATGCTGACACACTACATAAACT
. ATGCACTAACAGCCGCTCTAAAAGTCCCGCGCTTGCARATACTGAC
670 680 690 700
: 720 730 740 750 760 770
586874 AGCCAATATATATGACAATAGCAGGGACCACAACCAAGGTGAAACACAACAE@AATTTHT
-GCCAHTH3PHIH?K?EEBKXEKIKEKHECAACCAAGATGAAACGCAACATAGATECCT
710 720 730 740 750 760
780 790 800 810 820 830

586874 AACTCGCAATACTTTTTTKI3¥¥UKIEH3PAICCTAAAEIHK¥K3¥EEHIB¥¥¥IH¥¥33PT

----------------------------------
----------------------------------------------
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5... Jlli é.'i flil

840 850 860 870 880 890
586874 AAAAAAT@AGGCCA——CCAITCTCGCGAAAAﬂCTACAAAAAATAAATGCAICTCCCCCCA

------------
----------

--------------

-----------
-------------------

--------
--------------------

_ CACGCATACTAIGGGﬂATCACTTfH?{2ﬂIﬂ3K¥vKIIHKBVKIXIIKﬁKEBKIXEUKI]S

1020 1030 1040 1050 1060 1070
586874 GGACCTTTTTAATTCAC

--------------------------------------------
-----------------

-----------
-------------------

-------------------

1010 1020 1030 1040 1050 1060

1080 1090 1100 1110 1120 1130
586874 GKﬂKKXXXXyU¥KKI}HK3K33¥{ERIH333ATCCTCTGAICCGGCACCAATTRCGAAAAC

-----------------------------------------------------
------------------------------------------------------

1070 1080 1090 1100 1110 1120

1140 1150 1160 1170 1180 1190

--------------

--------------------------

1130 1140 1150 1160 1170 1180

1200 1210 1220 1230 1240 1250
586874 GCCCAATAAAAAAGCAJCHGTGCCCACCAAETTTGCGACCCCAAACCCTTTCCCCCCCCT

--------------------------------------

1260 1270 1280 1290 1300 1310
586874 AGCCACCCCCAICﬂTT2AAAGTAAGGCGGCCAAAAGTﬂ&TGTCGAGGAAATAAAAGCCCC

-----------------------------------------
------------------

........
------------------------

--------
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1320 1330 1340 1350 1360 1370
586874 CCGCCA£IIE{IHKEK;¥?DGAAAAGGCCTCTGCACGCAGCGTACCGGCGCAAACTGAAAT

----------------------

------------------------

1310 1320 1330 1340 1350 1360

1380 1390 1400 1410 1420 1430

-----------------------------------------------------
------------------------------------------------------

1370 1380 1390 1400 1410 1420

1440 1450 1460 1470 1480 1490

---------------------------------------------------------
---------------------------------------------------------

1430 1440 1450 1460 1470 1480

1500 1510 1520 1530 1540 1550

----------------------------

-----------------------
----------------------------

-----------------------

_ AAAA£ﬂ2Vv¥EBM1H3KIB¥I1}IKK3¥EM;EPD3ACAACAAAAACAGCTATAGGTAACGG
1490 1500 1510 1520 1530 1540

1560 1570 1580
586874 TEHE@E3%EECAGGCTAAAGACTTGACTGCA

-----------------
-----------------

CATAACTATTCAGGCCAAAGATATGACAGCA
1550 1560 1570
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Discussion

HeT-A is a member of the non-LTR family of retrotransposons; DNA
sequences that excise themselves and reinsert in the genome utilizing an RNA
intermediate (Pardue et al. 1996). These mobile DNA sequences are unique,
however, in that they insert exclusively at the ends of the Drosophila
chromosomes. The central open reading frame of the HeT-A sequence codes
for the Gag protein, which is similar in sequence to the retroviral Gag (group-
specific-antigen) proteins (see Figure 7). The gag gene encodes several
polypeptides that form the capsid of the virus. Since retrotransposons are not
infectious, they do not possess capsid proteins. Here the Gag proteins are
thought to be involved in forming a transposition complex that is essential for
the mobility of the retrotransposon (Pardue et al. 1996). Sequence
comparisons indicate that the gag genes of both retroviruses and
retrotransposons are evolving relatively rapidly. In the case of retroviruses,
this provides an evolutionary advantage as the viruses try to evade the host’s
immune system. It is unclear why the gag gene of retrotransposons also
evolves rapidly, since they are not targets of the host’s immune system.
However, this may be related to their mechanism of transposition (Pardue et
al. 1996).

Telomeres are repeated segments of DNA at the chromosome ends of
eukaryotic organisms. They serve as an important buffer for the internal
portions of chromosomes, which codes for vital genetic information. Some of

the telomere is lost during each cell division, and it must be repaired if the cell
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is to continue to divide. Most eukaryotic organisms utilize telomerase to
perform this function. Telomerase adds a short repetitive DNA sequence to the
ends of each chromosome. By repeatedly transposing itself within the
telomeric region of the chromosome, HeT-A performs this important function
for D. melanogaster (Biessmann et al. 1992). This latter mechanism of
telomere maintenance is unique among eukaryotic organisms.

Prior to this study, HeT-A DNA sequences were available from only two
species, D. melanogaster (Danilevskaya et al. 1994) and D. vakuba
(Danilevskaya et al. 1998b). Like D. teissieri, these two species belong to the
melanogaster species group of the genus Drosophila. This study demonstrates
that the HeT-A element from D. teissieri is clearly similar to the sequence of
the HeT-A elements from D. melanogaster and D. vakuba. Thus, it is now
known that D. teissieri, a third species of Drosophila, contains the HeT-A gene
in its genome. This study represents the first time that the HeT-A sequence has
been isolated using PCR. In the case of D. melanogaster and D. yakuba, the
HeT-A sequences were obtained by screening a genomic library with a HeT-A
probe, a time-consuming task. Thus, the innovation described here may

enhance the search for HeT-A in other species of Drosophila.

Polymerase Chain Reaction
PCR, while fairly forgiving in some aspects, such as the amount of
template DNA, is a fastidious technique. A slight alteration of even a single

variable in the reaction can lead to a dramatic alteration in the binding
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specificity of the primers and thus can affect the success of the reaction. Many
of the figures shown above have multiple DNA bands in a single lane, which is
the result of non-specific binding of the primers. Primers are designed to have
a specific melting temperature (Tm) which is an important consideration for
the heat cycling of PCR. During PCR, an annealing temperature that is less
than or equal to the Tm of the primers must be used. It is only after the
primers have annealed to the denatured template DNA that polymerization of
the DNA between the primers can be initiated, producing a PCR fragment.
MgCl; seemed to be the variable with the most pronounced effect on the
PCR conditions described here. In general, MgCl; concentration is inversely
proportional to primer annealing specificity (Innis and Gelfand 1990).
Examples of this are illustrated in many of the experiments described here in
which multiple DNA bands appear under sub-optimal MgCl; concentrations. It
was determined here that the optimal MgCl, concentration for amplification of
the HeT-A gene sequence from D. teissieri was 15 mM, which is considerably

higher than the 5mM usually used (see Table 1).

Sequence differentiation of HeT-A elements in Drosophila

Prior to the onset of this project, there was a great deal of uncertainty
associated with amplifying the HeT-A element from D. teissieri. Transposable
elements evolve rapidly because there are so many copies in a single genome
and because, if active, they tend to accumulate mutations in their sequence

during transposition (Xiong and Eickbush 1990). Non-mobile genes evolve much
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more slowly. For example, it was relatively straightforward to amplify the
rRNA genes from all species of Drosophila examined here (Figure 2). This
illustrates how conserved these genes are among different species.

The primers for the HeT-A element were designed based on the
sequences of HeT-A elements from the genomes of D. melanogaster and
D. yakuba, sequences that differ from each other by about 45% at the
nucleotide level (Danilevskaya et al. 1998b). Because of this extreme sequence
divergence, it is not possible to predict if the primers designed will recognize
the HeT-A element in other species. If the HeT-A elements in another species
was sufficiently diverged from the HeT-A elements in D. melanogaster and
D. yakuba, then the primers would not amplify the HeT-A element in that
species. When this is coupled with the variables associated with PCR
conditions, finding HeT-A in other species becomes a difficult task. In this
study, HeT-A was detected in only one species, D. teissieri. PCR was not
successful with D. ananassae or D. takahashii using the same primer
combinations. Thus it will be necessary to design new primers for detecting
HeT-A in these other species.

There are hundreds of species of flies in the genus Drosophila and, due
to their importance to the study of genetics, evolutionary relationships among
the species have been studied carefully. Flies are placed into species groups,
which consist of species that are obviously related based on morphology and
biogeography. Within each species group, flies are further classified based on

morphology and studies of reproductive isolation and are placed into species
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subgroups. D. melanogaster, D. yakuba and D. teissieri belong to the
melanogaster subgroup (Bock 1980). D. ananassae belongs to the melanogaster

species group and ananassae subgroup, and D. takahashii belongs to the

melanogaster species group and the takahashii subgroup (Jeffs et al. 1994).
Based on the results described here, the HeT-A primers used may only work for
species in the melanogaster subgroup.

The sequence comparison of the HeT-A elements from D. melanogaster,
D. teissieri and D. yakuba yielded interesting results. Phylogenetically, we
expect little or no difference among the HeT-A elements from these three
species because they all belong to the same subgroup. However, the results
presented here show that the HeT-A sequence from D. vakuba is more closely
related to that from D. teissieri than either is to D. melanogaster. Such
unexpected findings are common when examining the phylogeny of
transposable elements. These sequences are typically present in hundreds of
copies in the genome, and different copies may have different evolutionary
histories (Clark and Kidwell 1997). When PCR is used to amplify a particular
HeT-A gene in a species, that sequence represents only one of many sequences
of the genome. In order to obtain a more comprehensive picture of HeT-A
evolution, it will be necessary to amplify and sequence multiple copies of the

HeT-A gene from different species.
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Future Research

In order to examine the evolutionary history of HeT-A in Drosophila,

multiple clones of the HeT-A element must be obtained from different species.

More D. teissieri sequences may be obtained using the same PCR conditions

outlined here. In addition, having the HeT-A sequence from a third species of

Drosophila will help in designing new primers for use in PCR with other species.

PCR conditions for those new primers will then need to be optimized so they

can be used to amplify HeT-A in these species. Once this is done, the PCR

fragments can be cloned and the resulting sequences compared to one another.

In this way, it will be possible to sample a large number of HeT-4A sequences in
order to examine their evolutionary history. Ultimately, it may be possible to
determine how this unusual telomere function arose in Drosophila.

Further research may also elucidate whether or not the HeT-A
transposable element performs the same telomere maintenance function in
other Drosophila species as it does in D. melanogaster. This can be
accomplished by in situ hybridization to polytene chromosomes. In
D. melanogaster, such experiments show that HeT-A is confined to the ends of
the chromosomes. This type of experimentation should be extended to other
species, like D. teissieri.

This study is currently unable to draw conclusions regarding the diversity
HeT-A elements within the genome of a particular species. Recall that there are
multiple copies of these elements within a single genome. Transposable

elements can be seen as populations of genes within a species. Transposable
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elements tend to move actively through a species initially but, over time, may
become inactive, leaving a veritable graveyard of DNA sequences

(Pennisi, 1998). When PCR is used to amplify these segments, it is detecting not
only the transposable elements that are active, but also those segments that are
inactive. The human genome project has revealed that only a small fraction,
about 5%, of the genome codes for proteins (Lander et al. 2001). This value is
similar to that of other eukaryotes. One explanation for such a large percentage
of non-coding DNA in many eukaryotic genomes is the ebb and flow of
transposable elements (Pennisi,1998). Though the evolutionary constraints of
transposable elements are still unknown, it is clear that they have been

coexisting with eukaryotic organisms for millions of years.
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