and the

Herme
ousefly

Graeme O'Neill describes the recruitment of a

traitorous gene to the struggle against agricultural

pests and the vectors of human disease.

n Homer's Odyssey, Hermes, son of
Zeus, appears before L:|l\'nwn and his
companions as a message-bearer from
the Greek gods. In honour of this ancient

tale, molecular biologists Dr Peter

Atkinson of CSIRO’s Division of

Entomology, and Dr David O'Brochta of

the University of Maryland have lent
Hermes™ name to an unusual gene with a
similar role.

Hermes belongs to a rapidly-growing
H'-[ UI |.|'.|'|'|.‘||‘E'|.'u||JIL' I‘}.“\:."l E'l('l“t'”l.\ kllU\"'n
as a ‘jumping genes'. These are special
genes or segments of DNA which can
move around in their host’s DNA by self-
excising from one location on a
chromosome and re-inserting at another,
They are found in species as disparate as
plants, nematode worms, insects and
human beings.

I'he eftect of jumping genes could be

likened ro curting a small section from a

tape recording of a Beethoven symphony
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The Hermes element inserts in the gene, disrupting its function. The plant geneticist notes

the changed trait in the plant, then uses Hermes as a 'tag’ to locate and clone the disrupted

gene. The gene's function and location in the chromosome are then known.

and re-splicing it into the ape elsewhere,
usually with a disruptive effect. The
location of the newly-inserted 1‘I:l‘5_"I1I.L'ItI
could be identified by listening for a
discordant phrase, a "mutation’ in the
symphony. The arginal location of the
segment could also be identified by the
‘jump’ in the symphony where the gap
had been replaced.

In a paper published in the inter-
national journal Generics last June (1996),
Atkinson and O'Brochra demonstrated
that the Hermes gene can be used as a
;;l.'nﬂii. messenger o introduce
novel rraits inte insect
embryos. "Harnessing the
Hermes transposable element as

a vector will permit the

Maobile genetic elements with the
ability to alter supposedly fixed
hereditary traits were first
discovered half a century agoe in
maize. The multi-hued kernels of
Indian carn are examples of the

elements’ handiwork.

implementation of powerful generic
rescarch programs to ||:1'-'<‘-‘|i_t,;\lh' the
biology of insects -;lg_:niﬂl:un to human
health and welfare,” Atkinson says. For
inscct pests such as the Mediterranean
fruie fly, the Australian sheep blowfly, o
the malaria IIIU.‘ulilI.i'l\l. Hermes may be the
bearer of bad tdings, and an agent for

sowing sterility in their midst.

Familiar jumping genes
Half a century ago, with only classical
breeding techniques ar her disposal,
American plant geneticist Dr Barbara
McClintock prrwrd the existence of
mobile genetic elements that could alter
or abolish supposedly fixed heredirary
traits in maize. The multi-hued kernels of
Indian corn are just one example of
the handiwork of the two elements
McClintock named ‘Acrivator’ (Ac) and
‘Dissociator’ (1),

The Navajo Indians of MNorth
America used some of the more
spectacularly patterned cobs of Indian

corn as objects of reverence. Modern



Plants with variegated leaves, and rare, striped

rose varieties such as Roso mundii (top), and
‘Harry Wheatcroft' (above) are familiar effects of
jumping genes.
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gardeners who prize plants wirth
variegated leaves, and the novel “spores’
that have been found on popular planis
such as roses and camellias, are also
familiar with the effecr of jumping genes.
The famed cream, pink and vellow
Peace’ rose has produced at least half a
dozen color-murant sports, the most
famous of which is the deep pink
‘Chicago Peace’. Rare striped roses such
as the mediaeval red-and-white striped
Rosa mundii, and the modern red-and-
vellow striped "Harry Wheatcroft” are
well known examples of jumping genes
that modity genes for peral pigment.
Vigorous climbing sports of other
modern bush roses may also be the
product of transposable DNA clements,
In 1983, the same year that Dr
McClintock was awarded a Nobel Prize
for her pioneering work, Dr Jim Peacock,
Dr Liz Dennis, Dr Wayne Gerlach and
D Bill Sutton from CSIRO's Division of
Plant Industry used s as a generic tag to
locate and clone the world's first plant
gene of known funcrion: the alcohol
dehyvdrogenase (ADH) gene of maize.
From a murant variety of maize lacking
the enzyme, they isolated the gene and
the Ds clement thar had disrupred it by
jumping’ into its DNA code.
MeClintock's Ae and I elements,
like many mobile elements, work in
partnership. The “master” element Ae
encodes a transposase, a special DNA-

cutting enzyme which excises the D
‘slave’” element from i original site on a
chromosome and opens a gap elsewhere
into which Ds inscrts (see diagram
below). Recombinant DNA technology
has now shown Ds is essentally a
degenerare version of Ae, lacking the
sequence that codes for the transposase
cnzyme. Similar themes occur in other
binary transposable-clement systems,

Mobile DNA elements are ubiquitous
in higher life forms. Their diversity
suggests that some have been evolving for
tens, even hundreds of millions of years
as their original hosts founded new
dynasties of species. Their DNA code
provides clues to their origins. The capia
elements of the common fruic fly
Divosophila melanogaster, for example,
show clear affinities with retroviruses, a
specialised class of DNA parasites that
replicate by inserting their genetic code
into their host's DNA,

“T'ransposable clements can have
adverse effects as they move around in
the genomes of their hosis,” Arkinson

says. They are the ultimare examples of
selfish DNAL

An ointment in the fly

The Hermes story traces its beginnings to
1982 when molecular geneticists firs
used a Peelement (another type of
jumping gene) from [ melanagasier, 1w
insert a new eye-color gene into fly

HERMES

“cells fills ga
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embryos. They spliced the eye pigment
gene into the middle of a P-element, then
injected it inw y embryos,

Like many jumping genes, the P-
clement has two short, mirror-image
sequences ar either end, which are
thought 1o [acilitate a splicing reaction
with the host's DINA; the hose cell papers
over the gaps with complementary DNA
code. Should the mobile element jump
out of the chromosome again, these hll-in
sequences are able to repair the resulting
gap, because their DNA code is
complementary. They remain as a
permanent footprint that betrays the
transposable element’s former presence.

Insect geneticists” early hopes thar the
Dhvosaphila P-clement system would prove
useful as a gene vector for a much wider
range of insect species — or even
mammals — came to naught. Like many
transposable ¢lement systems in plants
and animals, the P-element seems 1o be
so closely adapied 1o its original host that
it works only in £, melanogaster and a
tew closely related Drosoplila species.

Transposase enzymes differ between
species. While other fly species distandly
related to Dvesaphila probably have their
own variants of the P-transposase
enzyme, they apparently cannor co-
ordinate transposition when combined
with alien P-clements,

Bur then O'Brochia and Atkinson’s
ream found the element they named
Hermes, in the common housetly Musea
domestica. Hermes 1s a member of the
DAT Family of rransposable elements,
found in organisms as disparate as insects
and plants. The hAT family includes
MeClintock's maize Ac element and the
snapdragon element, Tam3, both of
which ranspose in distantly-related plant
species including the tomato, wbacco,
petunia and Arabidapsis from the cabbage
family.

Acand Tam3 are now used to map
genes in crop plants and 1o determine
their funcrion. For example, when
introduced into a tomare embryo, Ae will
often jump into an active gene, dis-
rupting its activity and producing an
dhservable change in the resulting
scedling, such as a loss of resistance 1o a
fungal disease. By locating the Ae "tag',
genericists can recover the disrupred gene,
s0 a previously anonymous gene can be
linked o a specitic trait in the plant.

Atkinson and O'Brochta expect that
insect transposable elements with a wide



This image shows cell division in a fruit fly
(Drasophila) embryo. The chromosomes are
green, the spindle fibres blue and the
centresomes red. The copia DNA elements of
the common fruit fly show clear affinities with
retroviruses, a specialised class of DNA
parasites that replicate by inserting their
genetic code into their host’s DNA, (Image
courtesy The University of Adelaide Confocul

Microscope Facility: researcher, Ulrik John.)

|-.-~~.|I-:: Ty

relractory
revern

Atkinson says these mosquitoes were

CCAUEE Mo

i||l.l,l\.L|, 1

not genetically eng

vector system was available. Rather, the

researchers infected the insccts with a

harmles: red virus carryving an

) / ¢ element i whicl princaple was demonstrace 18
Iranspos ccessfull ) T houselly, when the Division of Entomolog has
Queen fruit fly Bactrocera mryoni and imported a naturally-occurring, pesticide 14
the cotton bollworm Coverpa resistant predatory mite Phyrosetnin vears,! Atkinson savs. ‘If you can genet
dre ri the |!||-.r|1 wWhose [,||\.i s |5|t ¥ from ¢ _|||I|||:||,| -'.i._n -1-||:!1-|!_L|| ||.-l:-|'- l.11;|,1u1 MosguUitoes so thev can no
1e two-spotted mit longer transmic viruses OF PArasites, you

infestations ol 1

mesis of the Australian cotton indusery
ence of

e
leat Specics arc major pests of Fetvanyehus wrticae in Au alian '|'|'||' may be able o reduce the inci
horticulture worldwide. and pear orchards, diseases such as malaria, or sleeping
5 Aking o sickness caused by Africa’s tsetse th
A versatile performer O = 2 - i
Based on their work so far, Atkinson and on a number of insect species o thr 1,
O'B > W : il Mediterrane § v § Ik S— -y
I 'l i L E » i 14 1t | E 1 | |I " 1
ypods ch as spd \ i, Argentina and otl part f - nl
i n pede Istacean he world. A re novient ha S e . S
oups th t cdive d trom insects Cast Uso working u : may be possib to disrupt @ mosquiro
[ a billion years ago Hermes' role m this control strateg) pene essendal o the intmate I.||I|--I!-i:|'
I'he scientists say ther re two vill be to short-circurt the complex .|1I'|\‘.|'.I|||:~'|".|:.i\:lt and its insect host
poss ble BrOCeSS Of using Non-rransgeriy tech \:l.il:'nll. ¥ |."l'||-,!|ll s !'"|'
i el Hisgw to breed sterile males. By { wuloure sciennses will be o 1
I i rthropodd I | I 1AVE ul i - n
I I
Iy ] 1 | ( fly in bee nil
| wed f nons in Ar
- i n require helj p 1y resul More about Hermes
trom 1ts i | [ 10s OwWn Lransposasd LIn mmediace pplicats | O'l ra D Wa 0 WD He Ki
N tk perfectly in a wide range ol ; 15 in monitoring the success ol A an P (1996) Hern i
e sterile-male programs, Arkinson says non-Deosophilid gent ot § f
Fermes ability to ransform other You want a |||||.|\ way ol '-|||i.|: il domestiva. A i Vi §2, March. p
;|I|"-Ii|--.;. Appears likely ro open up sterile males Aapart Irom wild-Ttvpe males Q7] 4

Ecos 91 NN 74 25



