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ABSTRACT

The present study is an approach to investigate the chromosomal pattern
of Biomphalaria alexandrina snails. This may be useful for breaking the host-
parasite relationship, which is very specific and dependable on the genetic
(chromosomal) status of these hosts. Freshwater snails are essential for the
transmission of schistosomiasis by acting as intermediate hosts for the disease-
causing parasite. The objective of this study clarifies the four meiotic divisions
that begin with Interphase, prophase, metaphase, and anaphase by Transmission
Electron Microscope (TEM) and measuring the lengths of chromosomes by

SEM, Scanning Electron Microscope (SEM). Results showed the number of the
TEM, chromosomes of B. alexandrina snails N=18, 2N=36 including 4 types of
chromosome. chromosomes, 5 metacentric pairs, 4 submetacentric pairs, 3 acrocentric pairs,
and 6 telocentric pairs chromosomes, they were arranged in a descending
manner according to the total length that between 12-2 um. Notably, the present
work is the first chromosomal study of B. alexandrina snails by using TEM and
SEM. So high-resolution SEM has proven to be a useful tool for chromosomal
study.
INTRODUCTION
Schistosomiasis is a chronic parasitic disease caused by a trematode blood fluke
of the genus Schistosoma which belongs to the Schistosomatidae family,

namely, Schistosoma mansoni, S. haematobium, S. intercalatum, S. mekongi, andS.
japonicum (Gryseels, 2006). This parasite mostly affects developing countries; it infects
over 240 million people in about 78 countries, primarily in Africa (Colley et al., 2014),
with high prevalence in Egypt (EI-Sheikh et al., 2012). Schistosomiasis is the second
most widespread human parasitic disease next to malaria (CDC, 2018). Schistosomiasis
still a public health problem that impact the life of millions worldwide (Toor et al.,
2018). WHO’s work on schistosomiasis is part of an integrated approach to the control of
neglected tropical diseases (NTDs) and coordinates the strategy of preventive
chemotherapy in consultation with collaborating centers and partners from academic and
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research institutions (WHO, 2020). Family Planorbidae had bulky morphological range
and hence it is very interesting in studying the cytogenetic variations (Szabelska et al.,
2015) and used in methodical analysis of freshwater snails (Tohamy and Mohamed,
2006). The chromosomal number can be used in differentiating one species from another,
that is the analysis of chromosome numbers, size, and centromere positions (Thiriot-
Quiévreu, 2003 and Odoemelam, 2009). Karyotyping (organising chromosomes into
groups in accordance with size and morphology) is a useful tool for studying taxonomic
problems such as identifying species as unique from another within the same subgenus
(Hamta et al., 2006).

MATERIALS AND METHODS

Clean B. alexandrina snails were taken alive from laboratory-bred stock of the
Medical Malacology, Theodor Bilharz Research Institute (TBRI), then maintained in
tanks of aerated water and fed continuously to promote growth. Chromosome preparation
were obtained from the ovotestis of the snails. Preparation of chromosomes in snails were
made according to the method described by Barsiene et al. (2000). Pooled snails (about
10 snails for each sample) were placed directly in 0.1% colchicine at room temperature,
for one day. Snails were dissected and ovotestis separated then carefully minced in 0.48%
KCI as hypotonic solution at room temperature and transferred to centrifuge tubes where
they were left for 1.5- 2 hours, after which they were centrifuged for 10 minutes at 2500
rpm.

Transmission Electron Microscope Methods

Technical Procedure: The samples were centrifuged then the pellets were
immediately processed according to Glauert (1974). The pellets were immediately fixed
in 2.5% glutaraldehyde in PBS for 30 minutes at room temperature (RT), washed three
times in PBS and post fixed in 1% osmium tetroxide (OsO,) in PBS for 30 minutes at
4°C. This was followed by dehydration in ascending grades of ethyl alcohol, substitution
in epon/ethanol mixture (1:1) for one hour, infiltration in 3 overnight baths of epon at RT
and finally embedded in epon capsules which were polymerized at 37°C for 12 hours and
at 60°C for 2 days. Ultrathin sections were collected on copper grids then the grids with
sections were stained by 4, 6-diamidino-2-phenylindole (DAPI), used as a useful stain for
15 minutes to visualize nuclear DNA in fixed cells, then washed three times in DW and
finally examined by (EM 208S Philips,Netherlands). Electron Microscope at Electron
Microscopy Unite of Theodor Bilharz Research Institute (TBRI).

Scanning electron microscope

Technical Procedure: The sample were fixed in equal volumes of glutaraldehyde
4% and Cacodylate 0.2 % for 2 hours, it was then washed in equal volumes of Sucrose
0.4 % and Cacodylate 0.2 % for 2 hours. Post fixed in equal volumes of osmic acid 2%
and Cacodylate 0.3 % for 1 hour, washed with distilled water, finally dehydrated in
ascending grades of ethyl alcohol for 5 min each (30%, 50%, 70% and 90%) then
absolute alcohol 100% for 10 min for 3 times (Glauert, 1974), and finally examined by
Environmental SEM (ESEM) which is the development of a normal high-vacuum SEM
(Inspect S; FEIl,Holland) at Electron Microscopy Unite of Theodor Bilharz Research
Institute (TBRI).
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Statistical analysis

The results were presented as the means + SE, statistical analyses were performed
using JMP ver. 12.0 (SAS Institute Inc., Cary, NC, USA). The number of chromosome
was reported complications corresponding percentage (%) for nominal variables.

RESULTS

Transmission Electron Microscope Examination

TEM allows the accurate study of four meiotic phases: interphase, prophase,
metaphase and anaphase. In interphase the chromosomes appear more condensed and coil
(Fig. 1-A) and the chromosome in prophase are connected by chromatin threads in (Fig.
1-B), Fig. (1-C) showed chromosomes in metaphase as bundled at the centrometric
regions. In anaphase the chromosomes spread and appear as a curved shape (Fig.1-D).

B

Fig. 1. Electron micrograph of Biomphalaria alexandrina snails showing the
chromosomes stained with DAPI in the four mieotic phase. A: Showed chromosomes in
interphase they appear condensed with dark polar oriented heterochromatic regions. B:
Showed chromosomes in prophase the chromosome become more smooth but some are
still connected by chromatin threads. C: Showed chromosomes in metaphase
chromosomes still bundled at the centrometric regions but free at telemetric with varies
length. D: Showed chromosomes in anaphase chromosomes speared and appear curved
with construction at the centromere between short and long arm.
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Scanning Electron Microscope Examination

The current results showed a haploid number of chromosomes n=18 arranged in a
descending manner according to the total length that between 12-2um (Table 1 and Fig 2,
3 (A-E). There are four types of chromosomes in B. alexandrina: Five chromosomes are
metacentric with ranging between 12-10.5 um, four submetacentric with ranging between
8.2 - 6.2 um, three acrocentric with ranging between 5.5- 4.2 um and the last 6 telocentric
with ranging between 4.1 - 2 um.

Table 1. Measurements and classification of chromosomes (n=18) of Biomphalaria
alexandrina snails.

Chromosome Classification Long Short Total Relative length ~ Arm ratio
number arm(um) arm(um)  length(um) (%)
Meant SE Mean+SE  Mean + SE Mean + SE Mean £ SE
1 Metacentric 6.1+0.14 5.9£0.14 12+0.19 9.97+0.09 1.03+0.007
2 Metacentric 6.4+0.07 5.5+£0.06 11.92£0.18 9.88+0.06 1.16+0.009
3 Metacentric 6.3£0.15 5.5+0.07 11.8+£0.16 9.80+0.05 1.15+0.008
4 Metacentric 6.5+0.26 5.3x0.07 11.8+£0.16 9.80+0.05 1.23+0.008
5 Metacentric 5.0£0.05 5.5+£0.06 10.5x0.12 8.72+0.15 0.91+0.041
6 Submetacentric  5.0+0.05 3.2+0.05 8.2+£0.10 6.81+0.13 1.56+0.022
7 Submetacentric  5.2+0.16 3.0£0.04 8.2+0.11 6.81+0.13 1.73+0.014
8 Submetacentric  4.0+£0.05 2.2+0.03 6.2+0.07 5.15+0.12 1.82+0.011
9 Submetacentric  4.2+0.04 2+0.03 6.2+0.08 5.15+0.12 2.10+0.011
10 Acrocentric 4.0£0.04 1.5+0.07 5.5+0.11 4.57+0.06 2.67+0.012
11 Acrocentric 4.0£0.04 1.3+£0.06 5.3x0.13 4.40+£0.04 3.08+£0.14
12 Acrocentric 3.0£0.01 1.2+0.04 4.2+£0.05 3.49+0.16 2.500.07
13 Telocentric 4.1+0.05 0 4.1+0.05 3.41+£0.15
14 Telocentric 3.2+0.03 0 3.2+0.14 2.66+0.08
15 Telocentric 3.4+£0.04 0 3.4+£0.13 2.82+0.01 ---
16 Telocentric 3.4+£0.05 0 3.4+£0.13 2.82+0.01 ---
17 Telocentric 2.5£0.03 0 2.5£0.05 2.08+£0.01
18 Telocentric 2+0.002 0 2.0+£0.04 1.66£0.01 ---
—4=Total length  =—@=Longarm Shortarm

Fig. 2. Classification of haploid chromosomes (n=18) of Biomphalaria alexandrina.
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Fig. 3. Scanning Electron micrograph of Biomphalaria alexandrina chromosomes
showing variation in length. A: Length varies from 12 to 10.5 um (metacentric). B:
Length varies from 8.2 to 6.2um (submetacentric). C: Length varies from 5.5 to 4.2 um
(acrocentric). D: Length varies from 4.1 to 2 um (telocentric). E: The chromosomes start
as metacentric in the 1% chromosome then the centromer shifts to the terminal end
gradually with the decrease in the length of the chromosomes until the eighteen
chromosomes.

DISCUSSION

The present work is the first chromosomal study of B. alexandrina snails done by
using transmission and environmental scanning electron microscope. EM enables
imaging of cells and tissues with high-resolution analysis (Wanner et al., 2000). The
processing of cells for conventional high vacuum SEM leads to the loss of morphological
features that are retained when using ESEM which can be used to look at chromosomes
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in their entirety; ESEM has the advantage that wet specimens can be examined in their
native form without being dehydrated and not require conductive coating. It is especially
useful for biological specimens and other specimens containing water (McKinlay et al.,
2004).

The freshwater snails of the genus B. alexandrina are the most common snail
prevailing in developing countries and play a potential role in transmission of S. mansoni
(Toor et al., 2018). The present work deal with the chromosomal study of B.alexandrina
snails by using electron microscope techniques which include (TEM) and (ESEM)
microscopy. These techniques provide higher resolution than that of light and
fluorescence microscopy. In addition uranyl acetate (UO,(CH3COOQ),) and (OsQ,) used
are heavy metal stains that are widely used in studying biological samples with electron
microscopy are known to scatter electrons well and adsorb to biological matter easily
(Hayat, 2000 and Verma, 2001).

High resolution scanning electron microscope has proven to be an appropriate tool
for investigating chromatin ultrastructure of human, Drosophila and plant chromosomes
(Allen et al., 1988; Sumner, 1991 and Wanner et al., 1991), but light and fluorescence
microscopy both have limited resolution thus, they provide little information. The
advantage of light microscopy has a little damage on the chromosomes while the
advantage of fluorescence microscopy has a high sensitivity and specificity (Rost, 1992).

The present results revealed that the diploid chromosomes number of B.
alexandrina is 36. These results are in agreement with Ibrahim et al. (2018) and the
results of several studies approving the karyotypes of the fresh-water snails and support
the present work. From which, Raghunathan, (1976) who studied karyotype in B.
glabrata found that diploid chromosome number is 2N=36. Also, Goldman et al. (1980
&1983) and Brown et al. (1996) studied the karyotype of Bulinus trancatus and B.
tropicus (Planorbidae) and they found that diploid chromosome number is 2N=36.
Bakry and El Garhy, (2011) detected the karyotypes of B. alexandrina and Bulinus
truncats, the two species have the same diploid chromosome number 2n = 36. The
current results are also in agreement with Abdel-Haleem (2013), who reported that the
diploid number 2N in B. alexandrina and B. glabrata were 36. Also, Park and Yong,
(2014) found that the diploid chromosome number is the same number in B.tengophila.

TEM examination allows studying of chromosomes stained with DAPI. The
stained cells were examined by electron microscopy. We could detect .the 4 different
phases Interphase, prophase, metaphase and anaphase. The result of Zoller et al. (2004)
found remarkable differences during chromosome condensation in mitosis and meiosis in
different phase by SEM. In addition to Tohamy and Mohamed (2006) and Ibrahim et
al. (2018) who found that the first meiotic division begins with a long prophase which is
subdivided into four stages, leptotene, zygotene, pachytene, and diplotene by light
microscopy.

In the present study we measured the lengths of chromosomes by ESEM. The
measurement of the eighteen chromosomes were arranged between 12pum and 2pm while
Abdel-Haleem (2013) who detected the length of eighteen chromosomes by LM in B.
glabrata and B. alexandrina between 4.50um (1% chromosome) & 1.35um (18"
chromosome) and 4.22pm (1 * chromosome) & 0.9um (18" chromosome) respectively.
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In addition Park and Yong (2014) detected the length of eighteen chromosomes ranging
between 6.4 um (1 * chromosome) and 2.4pum (18" chromosome) by LM in B.tengophila.

The present results showed four types of chromosomes in B. alexandrina 5
metacentric, 4 submetacentric, 3 acrocentric and 6 telocentric. As we see the
chromosomes start as metacentric in the 1% chromosome then the centromer shifts to the
terminal end gradually with the decrease in the length of the chromosomes until the
eighteen chromosomes. The results of Raghunathan (1976) who detected that
chromosome pairs are classified into 4 groups; 10 pairs metacentric, 4 pairs
submetacentric, 2 pairs acrocentric and 2 pairs telocentric chromosomes in B. glabrata.
In addition to Tohamy and Mohamed (2006) found that the mitotic chromosomes of
Bithynia snails were six metacentric pairs, four submetacentric, three subtelocentric and
three telocentric chromosomes. Bakry and El Garhy (2011) classified the chromosome
according of centromere position in B. alexandrina to 8 metacentric pairs, 8
submetacentric pairs and 2 subtelocentric pairs of chromosomes while, the karyotype of
B. truncatus is organized in four groups and consists of 10 metacentric pairs, 4
submetacentric pairs, 2 telocentric pairs and 2 subtelocentric pairs of chromosomes.
Abdel-Haleem (2013) who found four types of chromosomes in B. glabrata and B.
alexandrina; 10 metacentric, 4 submetacentric, 2 acrocentric and 2 telocentric in each
one. Also, Park and Yong (2014) detected that 18 chromosome pairs were classified into
3 groups; 7 pairs metacentric, 8 pairs submetacentric and 3 pairs subtelocentric
chromosomes in B.tengophila.

These results on chromosomal study open the door to the initiation of further
experiments in this field of research, using ESEM in variations amongst different snails,
plays a crucial role in taxonomy.

CONCLUSION

The present work is the first chromosomal study of B. alexandrina snails by using
Transmission and Scanning Electron Microscope and clarified the four meiotic divisions
and four types of chromosomes: 5 pairs of metacentric, 4 pairs of submetacentric, 3 pairs
of acrocentric and 6 pairs of telocentric with wide variation in length (12- 2um). So high
resolution ESEM has proven to useful tool for chromosomal study.Chromosomal pattern
that may be useful for breaking the host parasite relationship.
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