
T

S

T

T

H

T

D

E

R

A

A

T

E

W

S

O

B

L

T

D

T

F

S

P

O

C

F

F
aG
bS
cS

Update TRENDS in Parasitology Vol.21 No.6 June 2005 265

w

Helminth genome projects: all or nothing
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Box 1. Websites of interest

(i) Parasite-genome (http://www.ebi.ac.uk/parasites/paratable.html).

(ii) Graphic Images of Parasites (http://www.biosci.ohio-state.edu/

~parasite/enterobius.html).

(iii) WHOEssentialMedicines Library (nematodes – trichostrongyliasis)

(http://mednet3.who.int/eml/disease_factsheet.asp?diseaseIdZ410).
Genomes of parasites that infect humans are being
sequenced at a growingpace. Thanks to collaborative efforts
and strong funding, the whole genomes of several proto-
zoans have been sequenced, with Plasmodium spp., trypa-
nosomes and Leishmania major leading the field [Box 1(i)].
In fact, the genome sequences of all protozoanparasites that
cause the most serious infections in humans will be
completed soon. It is hoped that these sequences, combined
with functionalgenomics,will revealnoveldrugtargets,and
open new and exciting lines of basic and applied research.

However, the situation with parasitic helminths is
much less straightforward. It was announced recently
that the genome sequence ofBrugiamalayiwas completed
[1] and that the sequences of two species of Schistosoma
would soon be completed [2]. However, several medically
important species have received little attention from
molecular biologists, and some have not received any.
While attempting to place the guinea worm (Dracunculus
medinensis) into the 18S-rRNA-based phylogenetic tree,
we noted that this nematode – which is supposed to
able 1. The most important helminth parasites that infect human

pecies Number of people

infected (millions)

Number

nucleot

apeworms

aenia saginata 77 [4] 58

ymenolepis nana 75 [4] 11

aenia solium 10 [4] 247

iphyllobothrium latum 9 [4] 5

chinococcus spp. 2.7 [4] 10 758

oundworms

scaris lumbricoides 1472 [4] 1929

ncylostoma and Necator 1298 [4] 44 083

richuris trichiura 1050 [4] 40

nterobius vermicularis 400b 21

uchereria bancrofti 107 [4] 4896

trongyloides stercoralis 70 [4] 11 434

nchocerca volvulus 18 [4] 15 505

rugia malayi 13 [4] 44 468

oa loa 13 [4] 39

richinella spp. 11 [5] 10 852

racunculus medinensis 0.08 [4] 0

richostrongylus orientalis Severalc 0

lukes

chistosoma spp. 200 [4] 264 602

aragonimus westermani 20.7 [4] 670

pisthorchis spp. 10.3 [4] 22

lonorchis sinensis 7 [4] 345

asciola hepatica 2.4 [4] 144

asciolopsis buski 0.2 [4] 2

enBank (http://www.ncbi.nlm.nih.gov/Genbank/index.html).

ee Box 1(ii).

ee Box 1(iii).
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represent the snake on the staff of Aesculapius, an ancient
symbol of medicine – does not feature in the sequence
databases. As the causative agent of dracunculosis, the
guinea worm is responsible for the suffering of tens of
thousands of people (Table 1) in an area ranging from
Senegal to Eastern India. Moreover, not a single complete
gene is available in public databases for any representa-
tive of the nematode superfamily Dracunculoidea, which
encompasses more than 160 described species from all
classes of vertebrate.

Such a finding prompted us to inspect the presence in
sequence databases of helminth parasites that infect
humans (Table 1). Apart from the tapeworm Echinococcus
s and their presence in the GenBank databasea

of

ide entries

Number of

protein entries

Mitochondrial genome

sequenced?

45 No

6 No

244 Yes

1 No

628 Yes

40 No

216 Yes

9 No

0 No

38 No

48 Yes

292 Yes

270 Yes

7 No

98 Yes

0 No

0 No

1707 Yes

110 Yes

8 No

49 No

154 Yes

0 No
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multilocularis – a rare parasite that infects humans, whose
mitochondrial genomehas been sequenced and that has 476
nucleotide entries in the databases – the information
available for several nematodes (e.g. Trichostrongylus
orientalis and Trichuris trichiura), flukes (e.g. Fasciolopsis
buski and Opisthorchis felineus) and tapeworms
(e.g. Diphyllobothrium latum and Hymenolepis nana) is
negligible and is exemplified by just a few partial gene
sequences. Even more striking is the case of the pinworm
Enterobius vermicularis, probably the helminth that
infects humans most frequently in industrialized
countries [3] [Box 1(ii), Table 1]. An almost total absence
of its sequences reveals that there is not a single
laboratory that continuously studies the pinworm using
molecular biology approaches. This is particularly sur-
prising for a parasite that is known to have a major impact
on the wellbeing of infants. Which factors or trends are
behind such a gap in knowledge of the molecular biology of
helminth parasites? Even if they have not been the subject
of whole-genome-sequencing efforts, protozoan parasites
that infect humans infrequently or cause less-serious
infections have always attracted the interest of molecular
parasitologists. Consequently, since the 1980s, at least a
trickle of sequence information kept flowing into the
databases. 18S rRNA genes are amust for every protozoan
parasite that infects humans, and other phylogenetically
informative sequences are also usually available.

Because of their geographical distribution, filariae such
as Loa loa and D. medinensis are hard to obtain nonfixed
and in sufficient quantity, thus hampering their
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suitability for molecular studies. However, this problem
certainly does not apply to the pinworm and other globally
present and frequent helminth parasites that remain
underrepresented in, or even absent from, the databases.
Is it the lack of a model host, legal aspects, ethical
problems, technical difficulties, the large size of some
helminth genomes or, simply, a matter of prioritization of
limited funding that deters molecular biologists from
touching these important organisms? Alternatively, is it
the absence of a scientific community that would lobby for
action and be able to exploit the information when it
became available? It remains a challenge for parasitolo-
gists not only to identify the reasons for this unsatisfac-
tory situation but also to draw the attention of molecular
biologists towards the pinworm, guinea worm and other
parasites.
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