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SUMMARY 

A directional size-selected cDNA library constructed from Schistosoma mansoni (Sm) adult worm RNA was used for 
the generation of expressed sequence tags (EST). From one or both ends of 429 distinct cDNA clones 607 EST were 
obtained. Of these, only 16% were previously known Sm genes. More than 22% of the clones had matches with entries 
for other organisms in the databases. These new Sm genes constituted a broad range of transcripts distributed among 
cytoplasmic structural and regulatory proteins, enzymes, membrane, nuclear and secretory proteins, and proteins with 
other functions. Almost 33% of the clones had no significant database matches and thus potentially represent Sm- 
specific genes. Among the latter, several clones, as judged by their redundancy in the library, appear to represent 
abundant transcripts. The data, taken as a whole, more than double the number of Sm genes identified by nucleotide 
sequencing and indicate the potential value of the adoption of genome sequencing strategies for the rapid increase in 
knowledge of complex disease-causing organisms. 

INTRODUCTION 

The trematode worm Schistosoma mansoni (Sm) is one 
of three schistosome species responsible for schistosomia- 
sis, a parasitic disease that is estimated to affect at least 
300 million people in tropical and subtropical areas of 
the world. Despite intense efforts dedicated to eradicating 

schistosomiasis through sanitary measures, control of the 
intermediate host and drug treatment, its prevalence 
remains essentially unaltered (WHO, 1985). There is little 
hope for improved control of this serious disease in the 
immediate future, since no vaccine is yet available and 
there is resistance to all but one of the few drugs available 
for treatment.' 
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106bp; MHC, major histocompatibility complex; NCBI, National 
Center for Biotechnology Information; nt, nucleotide(s); ORF, open 
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Organization; YBI, gene encoding Y-box-binding protein 1. 
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More than a decade has passed since the first Sm genes 

were cloned but there has been only slow progress 

in terms of our knowledge of the Sm genome and 

its expressed gene content. Based on a genome size of 

2.7 x 108 bp (Simpson et al., 1982) and evolutionary posi- 

tion (Omer et al., 1991) we may expect the schistosome 

to contain roughly 20000 expressed genes. Little more 

than 100 cDNA sequences have been deposited in the 

databases and only a few dozen genes were characterized 

in detail (GenBank, release 84, August 15, 1994). As a 

consequence, efforts at understanding the host parasite 

relationship as well as the search for targets of chemother- 

apy and immunoprophylaxis are being undertaken with 

knowledge of less than 1% of the total potential genetic 

information. 

We propose that an efficient route for the rapid analysis 

of the organism and the production of new tools for schis- 

tosomiasis control is a systematic study of the parasite's 

genome and expressed gene complement. We reason that 

the adoption of the approaches being used in the Human 

Genome Project for the study of the schistosome genome 

might be expected to produce fast results in terms of gene 

identification, leading to rapid understanding of the 

structure, development and metabolism of the parasite 

and to the discovery of potential targets for drugs or 

vaccines. 

In this paper we show the results obtained from a pre- 

liminary study of adult Sm genes in which the partial 

sequencing of c D N A  clones to generate Expressed 

Sequence Tags (EST) has been adopted (Adams et al., 

1991; 1992a; 1993a,b; Hoog, 1991). The efficiency of our 
approach is demonstrated by the fact that from 169 

different genes, only 15 were previously known in Sm and 

154 represent new Sm genes with homologies with those 

from other organisms or with no significant homologies 

in the databases. 

RESULTS AND DISCUSSION 

(a) Directional cDNA library construction and partial 
DNA sequencing 

Male and female adult worm mRNA, from the NMRI 
strain (Fletcher et al., 1981), was prepared and used for 

a directional cDNA library synthesis as described pre- 
viously by Adams et al. (1993a). The size-selected cDNAs, 

containing a NotI restriction site at 3' end and a HindI]I 

restriction site at 5' end, were cloned into NotI + HindIII- 

digested lafmid BA vector (Adams et al., 1993a). The 

re-plasmids were obtained from randomly selected clones 
and sequenced in the forward and/or reverse directions 
by cycle sequencing, using fluorescent M13 universal and 

reverse primers. EST were produced by single passes on 

automated sequencers (Applied Biosystems 373A or 

Pharmacia A.L.F.) and further edited to eliminate 

unwanted regions of vector, poly(A) tail and lower qual- 

ity data from the end of the sequencer run. EST longer 

than 150 bp and containing no more than 4% ambiguity 

were considered useful for data analysis. 

A total of 607 usable sequences was obtained after par- 

tial sequencing from one or both ends of 429 clones (348 

clones were sequenced from the 3' end and 259 clones 

from the 5' end of the cDNAs), The average length of the 

EST was 272bp and 92% of the forward cDNA 

sequences contained a poly(A) tail with an average length 

of 23 bp. The forward sequences in which the poly(A) 

tails were not found conceivably originate from internal 

NotI sites. We did not find any evidence for the presence 

of chimeric clones. The library was found to be direc- 

tional since most EST had matches to sequences in the 
databases on the expected strand. 

(b) Composition of the cDNA library 
The 429 sequenced clones were divided into eight 

groups based on the match of EST from both cDNA ends 

to public database sequences as shown in Table I. A 

match was declared significant even if there were hits for 

the EST from only one of the extremities. After random 

TABLE 1 

EST categories of Sm cDNA library a 

EST category No. of clones ("/oj 

Putatively identified 
(a) Sm match 69 16.1 
(b} Non-Sin match 97 22.6 

Not identified 
(a) Non-Sin partial match 36 8.4 
(b) Non-database match 142 33.1 

Mitochondrial 2 0.5 
rRNA 36 8.4 
Vector without insert 46 10.7 
Other (mouse gene) 1 0.2 

Total 429 100 

" Composition of the Sm cDNA library after random clone sequencing. 
In a pre-screening step, EST were searched for significant similarities 
to sequences of vectors, mitochondrial and ribosomal DNA using the 
FASTA program (Pearson and Lipman, 1988). EST identified by this 
way were eliminated from further screening steps. The remaining 
sequences were compared to all known DNA and protein sequences 
deposited in comprehensive nonredundant databases using the basic 
local alignment search tool program for nt (BLASTN) or aa (BLASTX) 
comparisons (Altschul et al., 1990) at the NCBI site. Significant align- 
ments were selected and named as putative identification for the gene. 
The EST without significant matches or showing partial matches with 
database sequences were grouped as no identified genes. EST sequence 
data were deposited in dbEST (Boguski et al., 1993) with the following 
identifiers: 39113--39424; 44822 44832; 60699-60723 and GenBank 
accession Nos. T14340 T14651~ T18616 T18626: T24126-T24150. 



clone sequencing, the library showed a content of 19.8% 
(85 clones) of ribosomal RNA, mitochondrial sequences 
and vector without inserts as also obtained by Adams 
et al. (1992a) and Khan et al. (1992). From the 344 
remaining clones, 166 (38.7%) could be putatively iden- 
tified based on matches to Sm entries (69 clones) or other 
organism entries (97 clones); 36 clones (8.4%) could not 
be precisely identified since they showed only partial 
homology to non-Sm entries and the remaining 142 
clones (33.1%) had no significant match to database 
sequences. One EST had a great similarity (97.3% at nt 
level) with a mouse gene. This transcript could have origi- 
nated from mouse blood cells contaminating the adult 
worm preparation, since the parasites were grown in 
mice. However, the possible contaminant cDNA was a 
minute part of the total (0.2%) and does not represent a 
problem in the sequencing of this library. The searches 
were done at the National Center for Biotechnology 
Information (NCBI) site using the e-mail server. 

(c) Analysis of the identified clones 
The 69 clones that had exact homology with genes 

previously characterized in Sm corresponded to 15 
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different genes (Table II) with widely different relative 
frequencies in the library. The GAPDH, which peculiarly 
codes for a surface antigen of Sm that can even be used 
to stimulate a degree of protection in experimental ani- 
mals (Goudot-Crouzel et al., 1989), was by far the most 
frequent cDNA (being isolated 26 times from the library). 
The second most abundant species showed significant 
homology with a transcribed gene, Sm750, previously 
identified in the nuclear genome of Sm (Spotila et al., 
1991). This gene has a particular structure: the longest 
open reading frame (ORF) is 213-bp long, corresponding 
to a highly hydrophobic stretch of 57 aa. Immediately 
after the ORF there are five copies of a 62-bp polymor- 
phic repeat element (PRE), followed by the poly(A) tail. 
Sequences hybridizing with an oligo probe complemen- 
tary to PRE are apparently spread throughout the 
genome and are known to be abundant among tran- 
scripts (Spotila et al., 1991). Apparently all 18 EST (12 
clones) that matched Sm750 consisted only of different 
number repetitions of PRE. The meaning of this finding 
is not clear. The next most frequent gene codes for GST, 
which is also a known antigen in Sm (Balloul et al., 1987; 
Taylor et al., 1988). The other genes were those that code 

TABLE II 

Database match of EST to Sm genes ~ 

EST No. Identification No. of clones Accession Length Similarity Identity 

t%) (%1 
aa nt 

Enzyme 
SMEST0023 Cathepsin B 2 GB : SCMCTSB 300 97.34 
SMEST0346 Cytochrome oxidase chain I 2 G B : S C M M T C S O I  65 98.46 
SMEST0210 GST 28 kDa  11 GB:  SCMANT28K 341 100.00 
SMEST0095 G A P D H  26 GBU : S C M G A P D H  406 97.79 
SMEST0009 Hemoglobinase (Sm32) 2 GB: SCMHGBA 393 98.48 
SMEST0264 Hexokinase 1 GB : S C M H E X K  245 97.15 
SMEST0286 Phosphoinositide-specific 1 GP  : SMF 1PSPCX 1 11 100.00 100.00 

phospholipase c homologue 

Structural 
SMEST0192 a-tubulin 1 GB:  $98950 226 98.24 

Antigen 
SMEST0047 Antigen 10-3 1 GB : SCMANTIH 217 95.41 
SMEST0033 Major egg antigen (p40) 1 GB : S C M M E G B  395 98.74 
SMEST0043 Sm23 integral membrane  protein 1 G B : S C M I M P 2 3 A  296 99.33 

Other function 
SMEST0035 Fatty-acid binding protein 1 G B : S C M F A B P 1 4  285 99.30 
SMEST0025 Glucose transporter 1 GB : SCMGTP4A 298 99.33 
SMEST0068 HSP 86 6 GB : SCMHSP86 396 99.50 
SMEST0099 Sm750 gene 12 GB : SCMSM750 312 99.68 

a EST match to Sm entries are listed with identification, database accession, the length and percent similarity and identity of the alignment. Match 
lengths are given in nt for DNA and aa residues for peptide alignments. Similarity indicates percentage of identical plus conservative substitutions 
of aa for peptides and identity indicates percentages of identical nt for D N A  or identical aa for peptides. Where more than one clone matched a gene, 
only one representative match is given, as well as the number  of clones that  shared the same identification. 
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for different types of enzymes (cathepsin B, cytochrome 
oxidase chain I, hemoglobinase, hexokinase and phos- 
pholipase C homologue), structural proteins (~-tubulin), 
antigens (antigen 10-3, major egg antigen and Sm23) and 
proteins with other functions (fatty-acid binding protein, 
heat-shock protein 86 and a glucose transporter). 

A total of 97 clones, corresponding to 46 distinct genes, 
showed highly significant homology with non-Sm entries 
of public databases and is listed in Table Ill. Of these, 17 
(37%) are enzymes from various metabolic pathways and 
nineteen (41.3%) correspond to structural and regulatory 
cytoplasmic proteins. This later group includes abundant 
transcripts as Act (16 times obtained from the library) 
and EF1 ~ ( 12 times). The other groups of genes code for 
membrane prbteins (4.3%), nuclear proteins (6.5%), pro- 
teins of other functions (8.7%) and one secretory protein 
(2.2%). There were some interesting matches, including 
those to a component of the proteasome (a multicatalytic 
proteinase complex), proteins of the HSP gene family 
(encoding a chaperonin-like protein, a DnaJ homologue 
and a ubiquitin) and a member of the RNA-binding pro- 
tein family. Also of interest were genes encoding regula- 
tory proteins, such as the 52-kDa active chromatin 
boundary protein, which is associated with transcription- 
ally active highly decondensed HSP in Drosophila 

(Champlin et al., 1991), the YB1, a DNA-binding factor 
specific for the Y-box element which is present in the 
promoter region of several genes and contains an inverted 
CCAAT motif (Didier et al., 1988), and the BBCI protein 
(Adams et al., 1992b), which is possibly involved in the 
control of cell division in eukaryotic cells (Bertauche 
et al., 1994). We have already obtained the complete 
sequence of the BBCI and YB1 cDNAs and have started 
studies of expression in several developmental stages and 
different tissues of schistosomes. These results emphasize 
the efficacy of the EST approach that has allowed us to 
identify genes potentially important in the biology of the 
parasite. Most of the previously known sequences coded 
for antigens or enzymes (GenBank, release 84, August 15, 
1994) and these DNA-binding proteins and other regula- 
tory proteins would probably not have been identified 
otherwise. Even some abundant transcripts, such as Act 
and EFI~, had never been sequenced before from 
schistosomes. 

(d) Analysis of the non-identified clones 
Among clones showing only partial homologies with 

sequences from different organisms, 36 were isolated from 
the library (Table IV). Although they represent new Sm 
genes, they could not be precisely identified, because the 
matches consisted only of alignments with a short region 
of sequence that could indicate the presence of a con- 

served domain or motif or simply a region enriched with 
a specific aa. 

In order to search for similarities among the 142 clones 
with no hits in the databases, we compared EST of this 
category to one another and to all the other EST of Sin, 

using the FASTA program (Pearson and Lipman, 1988). 
Arbitrarily we grouped together EST that showed more 
than 90% homology. In all cases, the grouping of clones 
based on EST from either extremity was consistent. We 
classified the 142 clones into 92 groups of unknown 
novel genes of Sin. A total of 72 clones corresponded to 
22 redundant genes with different frequencies and the 
remaining 70 clones consisted of 70 independent genes 
selected only once from the library. Some of these 
unknown genes are very abundant, such as G8 (14 times 
picked from the library) and G3, G6 and G11 (five times 
each). It was also seen that some EST of the redundant 
groups consisted of overlapping sequences, so we aligned 
EST from both extremities of the cDNA to find the con- 
sensus sequence using the DNAsis program. This pro- 
cedure was of importance for the tentative identification 
of the unknown genes, since it could provide continuous 
sequences longer than the original EST, allowing a more 
significant alignment with database sequences. One 
example of this was the gene showing partial homology 
with a mouse retroviral Pol gene (Table IV). Initially, we 
had several EST from both cDNA ends that corres- 
ponded to no database match sequences. After we got a 
contig we could find a significative alignment (more than 
47% similarity) in a region of 76 aa. This find might 
indicate a presence of a retrovirus-like sequence in the 
genome of Sm. The abundant no-match EST are of partic- 
ular interest since they may represent highly expressed, 
parasite-specific genes, likely to be of importance for the 
parasite's biology. As such they represent potential leads 
for studies of immunoprohylaxis or drug therapy and 
have thus been selected for full-length sequencing in the 
near future. 

(e) Conclusions 
(1) The EST approach has thus far provided partial 

sequences of 429 clones. Of those, 85 clones (19.8%) rep- 
resented useless sequences (Table I). The remaining 344 
clones were grouped as 169 different genes. One hundred 
and twenty clones (34.9%) were sequenced only once and 
corresponded to 120 distinct non-redundant genes. The 
other 224 clones (65. 1%) appeared more than once, repre- 
senting 49 independent redundant genes. The most often 
sequenced clones were GAPDH (7.6%), Act (4.7%) and 
a gene related to the Pol gene (4.4%). The group of the 
seven most frequent genes (all picked from the library 
more than ten times) corresponds to 30.8% of all clones 
and indicates that the redundancy of this library is high. 
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Database match of EST to non-Sin genes a 
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EST No. Identification No. of clones Accession Length 

aa nt 

Similarity Identity 
(%) (%) 

Enzyme 
SMEST0327 Aldehyde dehydrogenase 01 SP : DHA5_HUMAN 62 
SMEST0197 Aldolase 02 G P U  : DROALDL_2 124 
SMEST0340 ATP synthase, vacuolar 01 SP : VATL_AVESA 49 
SMEST0212 Cytochrome oxidase chain II 01 G B : A M F M T M I C O E  149 
SMEST0257 Dihydrolipoamide acetyltransferase 01 GP:  RATPDCE2_I 43 
SMEST0057 Enolase 02 PIR : S08685 108 
SMEST0125 Fructose-bisphosphate aldolase B 02 SP : ALFB CHICK 102 
SMEST0272 Fructose-bisphosphate aldolase C 02 SP : ALFC_RAT 43 
SMEST0200 Glutamine synthase 01 SP: GLNA_CHICK 68 
SMEST0015 Lactate dehydrogenase A 02 GP : HUMLDHX6 1 64 
SMEST0145 Lysyl-tRNA synthetase 01 SP : SYKI_ECOLI 57 
SMEST0205 Oligosaccharyltransferase 48-kDa 01 G P U  : S118541_1 116 

subunit 
SMEST0249 Ornithine aminotransferase 01 E: MMOATMR 
SMEST0281 Phosphoglycerate kinase 01 PIR: $28922 25 
SMEST0229 Proteasome zeta chain 01 SP : PRCZ_HUMAN 134 
SMEST0218 Purine nucleoside phosphorylase 06 SP: PNPH_MOUSE 92 
SMEST0338 Pyruvate kinase 01 SP : KPYK_CHICK 60 

Structural and Regulatory Cytoplasmic 
SMEST0027 Actin 16 SP : ACT TAESO 107 
SMEST0138 13-Actin, cytoskeletal 02 GP  : CELACT2_2 134 
SMEST0096 13-Actin, cytoplasmic 03 SP: ACT_ACACA 122 
SMEST0253 ~-Tubulin 01 BB: B65042 63 
SMEST0293 Chaperonin-like protein 01 GP:  HUMHTR3A 1 41 
SMEST0137 DnaJ homolog 01 GP : HUMDNAJ_I  112 
SMEST0058 Elongation factor let 12 SP : EF12_XENLA 101 
SMEST0083 Elongation factor 13, 01 SP : EF1G_XENLA 54 
SMEST0319 Heat-shock protein 108 01 GP : GGHSP108_I 42 
SMEST0129 Myosin light chain, muscle 01 SP: MLE_AEQIR 65 
SMEST0283 Nonerytbroid ct-spectrin 02 GP : CHKSPCA_I 31 
SMEST0088 Polyadenylate-binding protein 03 SP : PAPB_DROME 70 
SMEST0256 Protein kinase c inhibitor protein 01 SP : 143Z_BOVIN 41 
SMEST0019 RNA-binding protein X-16 01 GP:  DRORBP1A 1 79 
SMEST0186 Ribosomal protein L5 02 SP : RL5A_XENLA 102 
SMEST0092 Ribosomal protein L7a 01 SP: RL7A_HUMAN 90 
SMEST0225 Ribosomal protein S14 01 SP : RS14_HUMAN 108 
SMEST0041 Ribosomal protein $4 01 SP: RS4 H U M A N  101 
SMEST0005 Ubiquitin 01 GP  : CHKUBHSP 1 137 

Membrane 
SMEST0108 ADP/ATP carrier protein 03 SP : ADT2 YEAST 101 
SMEST0172 Annexin family 01 SP : ANX7_HUMAN 37 

Nuclear 
SMEST0193 52-kDa active chromatin boundary 03 PIR:A37282 56 

protein 
SMEST0120 Small nuclear ribonucleoprotein 01 GP : XELU1AA_I 38 
SMEST0232 Y-box-binding protein 04 SP : YBI_HUMAN 64 

Secreted 
SMEST0154 ct-collagen 01 GB : XELCOL2AI 

Another function 
SMEST0216 Arginine-rich gene 01 GP : HUMARG_I  74 
SMEST0246 Human BBC1 02 SP: BBCI_HUMAN 69 
SMEST0310 MER5 protein 01 SP : MER5_MOUSE 38 
SMEST0301 Valosin-containing protein 01 PIR : S19738 56 

homologue 

151 

283 

74.19 59.68 
84.00 70.40 
75.51 55.10 

64.67 
72.73 56.82 
86.24 78.90 
84.47 77.67 
65.91 54.55 
82.61 72.46 
78.46 60.00 
81.03 67.24 
76.07 52.14 

61.18 
92.00 76.00 
87.41 73.33 
75.27 56.99 
81.67 70.00 

98.15 97.22 
98.52 96.3O 
99.19 99.19 
84.38 79.69 
90.24 73.17 
73.45 58.41 
90.20 80.39 
61.82 47.27 
78.33 53.33 
86.36 69.70 
61.29 54.84 
76.06 56.34 
76.19 61.91 
67.50 45.00 
71.84 53.40 
78.02 59.34 
87.16 77.06 
81.37 71.57 
97.83 97.83 

86.28 65.69 
76.32 44.74 

89.47 70.17 

69.49 58.97 
78.46 63.08 

56,69 

72.00 48.00 
81.43 71.43 
68.42 58.42 
94.64 92.86 

a EST match to non-Sin entries are listed with identification, database accession, the length and percent similarity and identity of the alignment. 
Match lengths are given in nt for DNA and aa residues for peptide alignments. Similarity indicates percentage of identical plus conservative 
substitutions of aa for peptides and identity indicates percentage of identical nt for DNA or identical aa for peptides. Where more than one clone 
matched a gene, only one representative match is given, as well as the number of clones that shared the same identification. 
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TABLE IV 

Database partial match of EST to Non-Sin genes a 

EST No. Identification No. of clones Accession Length Similarity Identity 
(%) (%) 

~ta Fit 

SMEST0010 
SMEST0021 

SMEST0065 
SMEST0069 
SMEST0075 

SMEST0093 
SMEST0097 

SMEST0109 

SMEST0116 

SM EST0164 
SMEST0219 
SMEST0244 
SM EST0317 
SMEST0323 
SMEST0341 
SMEST0325 

Inter-c(-trypsin inhibitor i ITI ) 01 
NADH : uniquinone oxireductase 01 
complex I subunit 
Hypothetical 16-kDa protein 04 
Glucose regulated protein 01 
Glycine-rich cell-wall structural 04 
protein 1.8 precursor (GRP 1.8) 
Hypothetical 33.8-kDa protein 01 
Salivary glue protein SGS-3 01 
precursor 
Heterogeneous nuclear 01 
ribonucleoprotein complex K 
Nonhistone chromosomal protein 01 
HMG-I 
Heterogeneous ribonucleoprotein L 01 
Carbonyl reductase ( NADPH ) 01 
Heterochromatin protein I 01 
Putative eggshell protein precursor 01 
Retrovirus-related pol polyprotein I5 
EST03733 H. sapiens 01 
UI 70-kDa SnRNP 01 

SP: IATR PIG 55 ,7~ -~ 46.30 
B B : B 118791 33 76.47 55.88 

PIR : $20710 65 72.73 53.03 
GP: ECCGRP_I 21 95.45 72.73 
SP : GRP_PHAV 77 60.26 39.74 

PIR : IS0716 47 64.58 43.75 
SP:SGS3 DROE 56 61.40 31.58 

G P : $74678 1 50 74.51 49.02 

PI R : A27853 28 75.86 44.83 

SP: ROL_HUMAN 49 62.00 46.00 
SP: DHCA HUMA 49 70.00 52.00 
S P : H P I_DROV1 91 66.30 45.65 
S P: EGGS_FASH E 17 88.23 70.59 
SP: POL3_MOUSE 76 47.37 32.89 
GB:T05844 58 70.69 
GP: HSU170S5_I 33 48.48 3.33 

" See footnote a to Table 111. 

This is not  unexpected.  Since we p repared  m R N A s  from 

whole worms,  that  is, from a heterogeneous  cell popu la -  

tion, we could  foresee that  the differences of  var ious  cell 

types or  tissues would  be minimized and our  l ibrary  

would be enr iched in t ranscr ipts  from housekeeping  genes 

such as GAPDH and Act. 

(2) We chose to construct  a d i rec t ional  l ibrary  as it 

yields in format ion  concerning both  3' and  5' un t rans la ted  

and coding regions, increasing the p robab i l i ty  of gene 

identif ication.  Since there were few Sm genes formerly 

depos i ted  in the databases ,  we wanted  to maximize our  

chances of ob ta in ing  EST conta in ing  coding  regions 

which would  permi t  us to match  entries from other  

organisms in pept ide  databases .  We were successful in 

this, because most  identified EST had matches  to genes 

from a b road  variety of  organisms.  However ,  33.1% of 

the sequenced clones had no hits in the da t abase  and 

may  consist  only of un t rans la ted  m R N A  regions, that  are 

poor ly  conserved in different organisms.  Alternat ively,  

they may  cor respond  to pr ivate  genes of Sm or to tran- 

scripts which are rare in other  organisms.  For  a further 

charac te r iza t ion  of those clones, paral le l  approaches  can 

be used, including full-length sequencing, prote in  expres- 

sion and ch romosome  mapping.  

(3) In summary ,  from 169 different genes found in our  

l ibrary,  15 represent  genes previously  character ized in Sm, 

and 154 represent  newly charac ter ized  genes of this 

organism,  46 being identified based  on matches  to non- 

schis tosome genes, 16 not  precisely identified but  showing 

a par t ia l  h o m o l o g y  to non-sch is tosome genes and 92 

novel genes that  had  no da t abase  match.  This work  has 

impl icat ions  for research in schis tosomiasis  in two impor-  

tant  aspects. First ,  we have increased substant ia l ly  the 

number  of  known  Sm genes, thus significantly increasing 

the knowledge  base necessary for ra t iona l  cont ro l  of  the 

disease. Second,  we have ca ta logued  and are a l ready 

s tudying intensively a number  of very interest ing genes 

that  would not  otherwise have been identified in schisto- 

somes. This should  cont r ibu te  significantly to a bet ter  

knowledge  of the b io logy of the parasi te .  Final ly ,  we have 

identified several a b u n d a n t  t ranscr ip ts  of Sm with no 

homology  in the databases .  Conce ivab ly  some of  these 

may  represent  the expression of 'pr iva te '  Sm-specific 

genes of impor tance  for the organism.  These genes or  

their products  could  then const i tu te  interest ing possible  

targets  for the design of new chemotherapeu t i c  or  immu-  

noprophy lac t i c  agents. 
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