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Identification of Schistosoma mansoni gender-associated gene
transcripts by cDNA microarray profiling
���������		
����
������������������ ������������������

������������������
�����	����������
� �����������	�!�
"�����
�#������!�����$���
�!�
"������!%&�'(�
� �)��%��
���*���������������
��������
�������
�����	�+������
�#���,���������������-����

�!��
.����$���
�/������0�1�2%�
� �)

!�����������*������������		
���)�34
�����5	�&67*�
)�*)�5

Abstract

Background: Parasitic helminths of the genus Schistosoma mate, achieve sexual maturity and
produce eggs in the bloodstream of their definitive hosts, and the most important pathological
consequences of the infection are associated with this process. We have used cDNA microarray
technology to initiate genome-wide gene-expression studies of sex and sexual development in
mature Schistosoma mansoni parasites.

Results: An S. mansoni-specific cDNA microarray was fabricated using 576 expressed sequence
tags selected from three cDNA libraries and originating from two different parasite
developmental stages. Five independent cDNA microarray hybridizations were analyzed using
stringent filtering criteria and careful quality control, leading to the identification of 12 new
female-associated and 4 new male-associated gene transcripts in the mature adult schistosome.
Statistical analysis of variation demonstrated high levels of agreement within a cDNA microarray
(correlation coefficient 0.91; median coefficient of variation 11.1%) and between cDNA
microarrays (correlation coefficient 0.90; median coefficient of variation 14.4%). RT-PCR analysis
confirmed the cDNA microarray results, thereby supporting the reliability of the system. 

Conclusions: Our study expands the list of S. mansoni gender-associated gene transcripts from
all previous studies by a factor of two. Among the new associations identified, a tyrosinase
ortholog was preferentially expressed in the adult female, and a dynein light-chain ortholog was
highly induced in the adult male. cDNA microarrays offer the potential for exponential leaps in
the understanding of parasite biology and this study shows how molecules involved in sexual
biology can be rapidly identified.
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Results 
Male and female gender-specific gene transcripts are
reproducibly detected by S. mansoni cDNA
microarrays 
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Figure 1
High-quality total RNA was isolated from adult male and female schistosomes and reverse transcribed into cDNA which hybridized with equal affinity to
control S. mansoni genomic elements. (a) Total RNA was isolated from 7-week-old male (M) and female (F) parasites by iterative phase separation and
affinity chromatography techniques. A 10 �g sample of each RNA preparation was electrophoresed under denaturing conditions on a 0.1% agarose gel
[58]. Intense 18S rRNA bands are visible with minimal apparent sample degradation. (b) Analysis of mean fluorescent signal intensities (MFI) detected
from all arrayed S. mansoni genomic elements after hybridization with cDNA generated from 10 �g male and female RNA samples. Three representative
hybridization experiments (out of five) are shown, which show no statistically significant difference in the mean fluorescent intensity (MFI) between male
and female cDNA samples, and support the contention that equivalent quantities of both sample materials were used in each experimental hybridization.
Standard errors of the MFI are indicated.
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Figure 2
Measurement of adult S. mansoni male and female gene expression using cDNA microarrays was highly reproducible. (a) S. mansoni cDNA microarrays
were constructed on glass slides in a format consisting of eight individual subarrays (arranged in four rows by two columns). Each subarray consisted of
144 DNA elements (arranged in 12 rows by 12 columns) with each DNA element being spotted twice (6 rows by 12 columns) within each subarray
(indicated by brackets). Images were obtained by hybridization of Cy5-conjugated male cDNA and Cy3-conjugated female cDNA. (b) Analysis of
subarrays 3 and 4 from five independent hybridization experiments (Hyb 1-Hyb 5) demonstrated consistent patterns of gene expression in adult male and
female parasites. In experiments 1-4, male parasite cDNA was labeled with Cy5 (red) and female parasite cDNA was labeled with Cy3 (green), whereas
in experiment 5, the fluorescent dyes were switched. (c) Statistical analysis of intra-array variation (comparing the natural log converted calibrated ratio
from one DNA element to the natural log converted calibrated ratio of its corresponding duplicate DNA element for one representative experiment)
demonstrated high reproducibility and tight associations between duplicates. The median coefficient of variation (CV = 11.1%) and the correlation
coefficient (r = 0.91) indicated a high degree of agreement. (d) Statistical analysis of inter-array variation (comparing the mean natural log converted
calibrated ratio of each DNA element in one hybridization experiment to the mean natural log converted calibrated ratio of the same DNA element in a
second hybridization experiment) indicated a high degree of association between measurements and high reproducibility. The median coefficient of
variation (CV = 14.4%) and the correlation coefficient (r = 0.90) supported this contention. Dashed lines in (c) and (d) represent the line of symmetry.
The remaining solid lines in both (c) and (d) represent the regression line and the predicted 99% confidence intervals of the supplied data. 
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Figure 3 (see legend on the next page)
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Figure 3 (see figure on the previous page) 
Identification of 28 differentially expressed gender-associated gene products in the adult schistosome by cDNA microarray analysis. Adult male and
female cDNA samples were used to probe five schistosome cDNA microarrays. Those 23 arrayed cDNA clones that passed the iterative filtering
process (described in Materials and methods) were described as being differentially expressed in a gender-dependent manner. Among the 23 differentially
expressed cDNAs, 12 novel female associations and 4 new male associations were identified. (a) The 23 cDNAs demonstrating gender-associated gene-
expression profiles were plotted away from the line of identity (equal expression between sexes) on a log2-based scale. Clone identifiers (GenBank
accession numbers) and common gene names (as annotated by database homologies/identities) define each differentially transcribed cDNA. cDNA clones
without common gene names have no known database homologies. Those clones chosen for independent verification by RT-PCR analysis are indicated
by gray shading (AI110935, R95590, N21941, N21956, AI111017, AA559678, and R95512). Common gene names indicated with an asterisk (chorion, p48
and mucin-like protein) define the positive control female-associated clones printed on the cDNA microarrays. Mm, Mus musculus; Rn, Rattus norvegicus;
Sm, Schistosoma mansoni; Sj, Schistosoma japonicum. These 23 differentially expressed cDNAs hybridized to DNA elements located in every subarray and
maintained this characteristic when the fluorochromes were interchanged. (b) Male cDNA labeled with Cy5 compared with Cy3-labeled female cDNA.
R95332 (green box) and AI111005 (yellow box) are cDNA clones that were deposited in two different subarrays as an additional quality-control
measure.(c) Male cDNA labeled with Cy3 compared with Cy5-labeled female cDNA. cDNA elements indicated by orange circles and arrows are
associated with differential expression in the adult male schistosome. cDNA elements indicated by white circles and arrows are associated with
differential expression in the adult female. 
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Figure 4
RT-PCR analysis confirmed gene expression results obtained by cDNA microarray hybridizations. A 1 �g sample of total RNA was used to prime cDNA
synthesis for both adult male and female samples (in the presence or absence of reverse transcriptase; +SSRT or -SSRT). PCR primers (Table 1) were
designed for cDNA clone IDs AI111005, AI110935, N21956, N21941, AI111017, R95512, AA59678, AA559631 as well as chorion and alpha-tubulin.
PCR amplification was performed for 35 cycles (except for alpha-tubulin and clone AA559631: 23 cycles). Spot morphology and color intensity for each
RT-PCR-verified clone, obtained from one representative cDNA microarray hybridization, are included for comparison (except for alpha-tubulin which is
not present on the cDNA microarray). The sex-associated expression of each transcript, as classified by both techniques, is also indicated.
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Table 1

PCR primer pairs used for RT-PCR confirmatory assays on S.
mansoni gender-associated transcripts identified by cDNA
microarray analysis

Accession PCR primer pairs PCR
number/ product
gene name size

AI111005 5´ - CTT CCG GAT GTA GAG GAT TTG - 3´ 301 bp

5´ - CGG GAT ATG CGT TTG GAC TAG - 3´

AI110935 5´ - CGT TAA CAG TGC ACA GAT GCC - 3´ 182 bp

5´ - GGA ATC CGA CTA CAT CAT TTC - 3´

N21956 5´ - CAG AAG AAC GAA ACT AAT CAC - 3´ 245 bp

5´ - TTC TGA TGA TAC GAT ACC GTG - 3´

N21941 5´ - ATC ATC ATT ATG GTA CAT CAT - 3´ 236 bp

5´ - TGA ATT TCA ACG TAT ATT CTC - 3´

AI111017 5´ - AAG TGT CCC TGA CAC AAC AAC - 3´ 137 bp

5´ - GCC TGT TTC ATT TTC ACC TTC - 3´

R95512 5´ - TCG TTT ATT AGG AGG AAG ATC - 3´ 271 bp

5´ - GCT TTC TGC AGC TTC GAG ACG - 3´

AA559631 5´ - TGT TAC ATA TAG TGG TGA GGG - 3´ 210 bp

5´ - CGA CAC TTA CTG CCT GGA TGG - 3´

AA559678 5´ - GGT ATA TTT CGA GAA TGT GAG - 3´ 338 bp

5´ - CGC TTA GGT TAA TCA TGA ATG - 3´

Alpha 5´ - GGC GGT GGT ACT GGT TCT GGG - 3´ 291 bp

tubulin 5´ - CAT TTA GCG CAC CAT CGA AGC - 3´

Chorion 5´ - GAA ACA GTC ACT CAC ACT CG - 3´ 461 bp

5´ - ATG GCT GGG TTT GTA AGT GC - 3´

RT-PCR reaction conditions are described in detail in the Materials and
methods section. Thirty-five cycles were used for all primer pairs except
for alpha-tubulin and clone AA559631 (23 cycles).
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