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Bacteria are the most populous organ-
isms on the planet, probably followed by
insects. Thus it is not surprising that bac-
teria and arthropods are often intimately
linked, depending on each other for their
coexistence. One striking example of this
dependence is the bloodsucking
tsetse fly (Dipteria: Glossinidae)
that relies on its obligate endosym-
biont, Wigglesworthia glossinidia, for
fertility and nutrition. The tsetse fly
transmits the deadly parasite Try-
panosoma brucei, which causes
African sleeping sickness and has a
devastating effect on livestock and
humans in sub-Saharan Africa (see
figure). The World Health Organi-
zation estimates that of 60 million
people at risk, 300,000 are infected
each year. The disease is fatal if
untreated and represents the leading
cause of mortality in some areas.
Current drugs are highly toxic and
increasingly ineffective. The poten-
tial for disrupting the symbiotic
relationship between the bacterium
and fly and halting the spread of
disease was the driving force behind
the Wigglesworthia glossinidia
genome sequencing project
reported by Leyla Akman and col-
leagues1 on page 402 of this issue.

A free-living history
Wigglesworthia glossinidia was first clas-
sified in 1995 and bears the name of the
eminent British entomologist Sir Brian
Vincent Wigglesworth. The organism is
a member of the enterobacteriaceae and
is related to Escherichia coli. However,
the genome size of W. glossinidia (697
kb) is one of the smallest sequenced to
date, one-seventh the size of E. coli K12.
W. glossinidia has co-evolved with its
insect host over millions of years, which
has allowed the bacterium to streamline
its genome, eliminating genes found in
its host. Unexpectedly, the W. glossinidia
genome still contains remnants of a free-
living lifestyle. Although Wigglesworthia
were thought to be non-motile, genes

that encode the whip-like flagella for
motility were identified in the genome.
This may be relevant to part of the trans-
mission cycle of the bacterium to new
tsetse hosts, such as movement from
adult tsetse flies to larvae.

The Wigglesworthia genome also con-
tains several cofactor biosynthetic path-
ways, including over 60 genes involved in
the synthesis of vitamins, nutrients that
the tsetse fly relies on for its fertility. This
finding confirms previous studies show-
ing that the fly depends on the bacteria to
provide these vitamins, which are not
found in its restricted diet of blood. In the
absence of the bacteria (and vitamins), the
tsetse fly is sterile. Removing the bacteria
from tsetse flies could halt the develop-
ment of offspring, thus reducing fly popu-
lations and disease transmission. One
remaining question is: does the bacterium
also supply essential nutrients to the para-
site T. brucei?

What’s been lost
Shrinking genome size is a common fea-
ture of obligate intracellular bacteria. This
may arise through a reduction of the
genetic repertoire previously required to
survive as free-living organisms. One

example of a bacterium associated
with an arthropod in which genome
downsizing is apparent is the intra-
cellular Buchnera bacterium, which
lives symbiotically in pea aphids2.
The genome size of Buchnera is 640
kb, compared to 697 kb for Wig-
glesworthia. Although there are simi-
larities between the two genomes,
they are actually quite different. For
example, Buchnera does not have a
flagellin system or the dozen cofactor
biosynthetic pathways present in W.
glossinidia. Examples of bacteria
whose genomes have been sequenced
and who rely on insect carriers and
cause severe disease in humans
include Rickettsia prowazekii3

(typhus), Borrelia burgdorferi4 (Lyme
disease) and Yersinia pestis5 (plague).
These pathogens represent bacteria
at various stages of genome decay,
with R. prowazekii having the most
severe mutational meltdown—24%
of its genome is non-coding DNA or
pseudogenes, compared to 4% for
Y. pestis. Y. pestis has arisen from the
enteric pathogen Y. pseudotuberculo-

sis in an eye-blink of evolutionary time
(2,000–15,000 years) and thus is at a very
early stage of genome decay. Interestingly,
many of the genes no longer required by
Y. pestis are important for enteropathogen-
esis of Y. pseudotuberculosis, evidence of
remnants of a redundant enteric lifestyle5.

Another arthropod-associated bac-
terium that manipulates reproduction in
millions of insects worldwide is Wol-
bachia. A serendipitous discovery from
the genome project of Onchocerca volvu-
lus, the filarial nematode parasite that
causes river blindness, was the identifica-
tion of Wolbachia genome sequences6. It
appears that Wolbachia have evolved as
essential symbionts of filarial nematodes
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The genome sequence of the bacterial endosymbiont Wigglesworthia glossinidia that resides in the gut of the tsetse fly has been
determined. Because the tsetse fly relies on this bacterium for fertility and nutrition, this information may be useful in reducing
fly populations and halting the spread of the deadly African sleeping disease.

Tsetse fly. Trypanosoma brucei are carried in the saliva of the
blood-drinking tsetse fly. The protozoa enter a human host
through the wound made by the fly when it feeds. Wiggleswor-
thia glossinidia is the fly’s obligate endosymbiont required for fer-
tility and nutrition.

Ey
e 

of
 S

ci
en

ce
/P

ho
to

re
se

ar
ch

er
s

©
20

02
 N

at
u

re
 P

u
b

lis
h

in
g

 G
ro

u
p

  
h

tt
p

:/
/w

w
w

.n
at

u
re

.c
o

m
/n

at
u

re
g

en
et

ic
s



news & views

336 nature genetics • volume 32 • november 2002

For several decades, a correlation between
gene activity and replication in the first half
of S-phase has been appreciated, but its
molecular basis remains a mystery1. What
has been desperately needed is a more com-
plete sampling of genes to determine
whether the apparent relationship between
replication timing and gene expression
could withstand a test of statistical signifi-
cance. The advent of DNA array technology
made this possible. Although the evaluation
of replication timing for individual genes is
a formidable task, the effort in these experi-
ments is expended in synchronizing cells
and isolating labeled replication intermedi-
ates. Once these replication intermediates
are isolated, a profile of replication timing
of the entire genome with a DNA array does
not require much more effort than evaluat-
ing individual genes one at a time by tradi-
tional methods. The first whole-genome
analysis of replication timing, performed in
budding yeast2, could find no correlation
between gene expression and replication
time, underscoring the need to perform
similar analyses in a multicellular organism.
On page 438 of this issue, Dirk Schübeler
and colleagues3 report such an analysis,
using an established Drosophila
melanogaster cell line.
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The long-presumed relationship between transcriptional activity of genes and their replication early in S-phase was challenged when
a whole-genome analysis of replication timing in budding yeast found no such relationship. A new study reports the first genome-
wide comparison of replication timing and gene expression in a multicellular organism, revealing a strong correlation between the
two. This difference may reflect levels of nuclear organization that are important in the context of tissue-specific gene regulation.
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A link between replication and expression. Replication timing analysis along the length of a chromosome
reveals domains that replicate at characteristic times. Early-replicating genes have a higher probability of
being expressed, whereas late-replicating genes are less likely to be expressed. The molecular basis of this
probabilistic relationship and the extent to which it has a role in the developmental regulation of gene
expression are important questions for future research.

in addition to arthropods. This finding
may explain why some antibiotics are
effective against filariasis and may allow
the development of new antibiotics for the
treatment of filarial diseases.

A wake-up call
Recent weeks have heralded the most signif-
icant step forward in vector-borne parasitol-
ogy with the publication of the genome
sequences of the malaria parasite7 (Plasmod-
ium falciparum) and its carrier the mos-
quito8 (Anopheles gambiae). This is in stark

contrast to the handful of known tsetse fly
genes and the apparent stalling of the T. bru-
cei genome project. There is a danger that
parasitologists will be seduced into research-
ing exclusively malaria. This would be detri-
mental, as comparative genetic information
from arthropod bloodsucking vectors and
eukaryotic parasites, which have distinct life
cycles, would yield significant added value.
The sequencing of W. glossinidia marks the
start of an effort to compile the genetic
information of the players in the African
sleeping disease cycle. The genome

sequences of the tsetse fly and T. brucei are
now required to develop a comprehensive
understanding of the T. brucei life cycle that
will serve as the basis to design an effective
intervention strategy against the deadly
African sleeping disease. �
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