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Abstract

The karyotype and constitutive heterochromatin pattern of the white stork Ciconia ciconia samples obtained
from Manzala lake, Dimiaat, Egypt was described. Somatic cells of Ciconia ciconia samples have diploid number
2n= 68 chromosomes. Out of 68 chromosomes, 11 pairs including sex chromosomes were macrochromosomes
and the remaining pairs were microchromosomes. Of the 11 macrochromosome pairs, no.1, 2, 4 and 5 were
submetacentric and pairs no. 6, 7 and 8 were described as metacentric. In addition, the autosome pair no.3 was
subtelocentric, while autosome pair no.9 was acrocentric. Also, the sex chromosome Z represents the fourth one in
size and it was classified as submetacentric while, W chromosome appeared as medium size and was acrocentric.
Furthermore, C-banding pattern (constitutive heterochromatin) revealed variation in their sizes and occurrence
between macrochromosomes. Pairs no. 7 and 8 of autosomes exhibited unusual distribution of heterochromatin,
where they appeared as entirely heterochromatic. This may be related to the origin of sex chromosomes Z and
W. However, there is no sufficient evidence illustrate the appearance of entirely heterochromatic autosomes.
Therefore, there is no available cytogenetic literature that describes the C-banding and karyotype of Ciconia Ciconia,
so the results herein are important and may assist in cytogenetic study and evolutionary pattern of Ciconiiformes.
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Resumo

O cari6tipo e o padrao constitutivo de heterocromatina das amostras de cegonha-branca Ciconia ciconia obtidas
no lago Manzala, Dimiaat, Egito, foram descritos. As células somaticas de amostras de Ciconia ciconia possuem
ntmero diploide 2n = 68 cromossomos. Dos 68 cromossomos, 11 pares incluindo cromossomos sexuais eram
Macrocromossomos e os pares restantes eram microcromossomos. Dos 11 pares de macrocromossomos, 0s n°
1, 2, 4 e 5 eram submetacéntricos, e os pares n* 6, 7 e 8 foram descritos como metacéntricos. Além disso, o
par de autossomos n° 3 era subtelocéntrico, enquanto o par de autossomos n° 9 era acrocéntrico. Além disso,
0 cromossomo sexual Z representa o quarto em tamanho e foi classificado como submetacéntrico, enquanto
o cromossomo W apareceu como de tamanho médio e acrocéntrico. Além disso, o padrdao de bandamento C
(heterocromatina constitutiva) revelou variagdo em seus tamanhos e ocorréncia entre macrocromossomos. Pares
n* 7 e 8 dos autossomos exibiram distribui¢do incomum de heterocromatina, onde apareceram como totalmente
heterocromaticos. Isso pode estar relacionado a origem dos cromossomos sexuais Z e W. No entanto, ndo ha
evidéncias suficientes para ilustrar o aparecimento de autossomos totalmente heterocromaticos. Portanto, ndo
ha literatura citogenética disponivel que descreva o bandamento C e o cariétipo de Ciconia ciconia, portanto os
resultados aqui apresentados sdo importantes e podem auxiliar no estudo citogenético e no padrao evolutivo de
Ciconiiformes.

Palavras-chave: cariétipo, Ciconia ciconia, heterocromatina constitutiva, Egito.

1. Introduction

The white stork, Ciconia ciconia belongs to the  birds is in central and southern Europe, the Middle East
Ciconiiformes, family Ciconiidae. It has white plumage  and west-central Asia during the warm summer months.
with black feather on the wings, the adults have longred  Ciconia ciconia migrates to southern Africa in winter. It
legs and pointed red beaks. The breeding season of these ~ prefers drier habitats including grasslands, cultivated
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fields, and savannahs. In summer, they prefer freshwater
habitats such as wet pastures, flood-plains, marshes, lakes
and rice-fields for breeding.

Ciconiiformes are represented by five living families
out of the seven which compose this major taxon (Sick
and Barruel, 1997; Welty and Baptista, 1988). They
include: Herons, Ibises, Spoonbills, and Storks. They are
distinguished by long legs with slightly webbed feet and
elongated toes. For feather maintenance, the middle toe of
Ciconiiformes may be well developed. Most of them have
long necks with vertebrae of 15 to 20 (Terry and Douglas,
2015). Wild populations of these birds are currently
vulnerable in several important ecosystems, mainly due
to some environmental modifications caused by human
activities (Gariboldi et al., 1998). Families of Ciconiiformes
are found in the Pantanal flood plain which extends
throughout most of the Paraguay River hydrographic basin
(Sick and Barruel, 1997) and Mycteria americana (Ciconiidae)
and Platalea ajaja (Threskiornithidae) are more abundant
species. However, the distribution of both species in
Brazil has been reduced and several local populations are
threatened with extinction or have already become extinct.

There are observable changes in the European
population of the White Stork Ciconia ciconia, followed by
arapid decrease of reproduction success and an increase
of mortality in the last five years (Daniluk et al., 2006;
Kaminski et al., 2015; Peterson and Jakubiec, 2006).
Therefore, it was found to concern Ciconia ciconia with
cytogenetic study in this work. Although, there was some
few karyotypic diversity reported for some Ciconiiformes,
such as Threskiornithidae and Ciconiidae (Belterman and
Boer, 1984, 1990; Boer and VanBrink, 1982; Boer, 1984;
Mohanty and Bhunya, 1990 and Takagi and Sasaki, 1974).
Moreover, the karyotype pattern of Threskiornithids is
derived from that of Ciconiids (Takagi and Sasaki, 1974).
The karyotypes of Brazilian species of Mycteria americana
(Ciconiidae) and Platalea ajaja (Threskiornithidae) are
described by Francisco and Galetti Junior (2000). The avian
genome should be concerned with more knowledge because
of the economic and biological importance of birds; their
successful evolution. On the other side, only a few bird
species have a sequenced genome such as chicken, turkey
(Meleagris gallopave) and the zebra finch (Taeniopygia gutta).
Sequenced genome of birds helps in knowing their origin,
evolution and phylogeny (Dalloul et al., 2010; Hillier et al.,
2004; Jarvis et al.,, 2014; Warren et al., 2010; Xu et al,,
2014 and Zhang et al., 2014). Despite of the development
of some DNA markers that help in detection of chicken
microchromosomes, avian cytogenetics has not reached its
full potential, and most bird cytogenetic data concerned
only with macrochromosome (Damas et al., 2017;
Lithgow et al., 2014; Romanov et al., 2014). On the other side,
there was insufficient data about the chromosomal studies
of Ciconiformes, especially white stork, Ciconia ciconia and
chromosome relationships between Ciconiiform families
which are still poorly understood. The objectives of this
study were to: 1) Contribute to the pool of knowledge on
the chromosome evolution of Ciconiiformes. 2) Describe the
karyotype of white stork Ciconia ciconia. 3) Making genetic
make-up for these migratory samples by heterochromatin
characterization (C-banding).
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2. Materials and Methods

2.1. Sampling and study area

White stork Ciconia ciconia samples were obtained by
local fisherman from lake Manzala, Damietta, during April
to July month, 2015 year. Manzala is the largest natural lake
of the Egyptian northern lakes along the Mediterranean
coast in Egypt and is located between longitudes 31° 45'
and 32° 22' E and latitudes 31° 00' and 31° 35' N. It is
one of the most vulnerable lakes. It is an example of the
wetland in Egypt and it was famous with water birds and
a migration route for some birds from Europe to Africa
along the Mediterranean Sea (Ayache et al., 2009).

2.2. Conventional preparation

The mitotic chromosome preparations were carried
out according to air drying method (Yosida, 1973) with
some modifications by Ata et al. (2005, 2019). About 50
metaphase plates from each sample were examined at
X100 magnification and good spreads were photographed
using an Olympus BX51 microscope with a C-4040
zoom digital camera. The karyotype was determined on
the basis of 10 well-spread metaphase cells from each
sample. Macrochromosomes were measured under the
microscope using the Soft Imaging System (SIS) analysis
program (Version3.0) edited in 1999 by Soft Imaging
System GmbH, Germany, and classified according to the
system of nomenclature proposed by Levan et al. (1964).

2.3. C-banding technique

C-bands were obtained according to the standard protocol
of Sumner (1972) with major modifications as described
by Ata et al. (2005, 2019) and Shahin et al. (2014). At least
10 metaphase spreads of each bird were photographed and
analyzed using Olympus BX51 microscope with a C-4040
zoom digital camera. The C-band sizes and distribution on
the macrochromosomes of Ciconia ciconia samples were
described and the number of heterochromatin blocks per
micro-chromosomes in the examined cells was recorded.
The ideogram was constructed using Microsoft Excel 2010
program according to karyological measurements on white
stork Ciconia ciconia samples.

3. Results

3.1. Karyotype

Results of the examined mitotic spreads of Ciconia
ciconia samples obtained from Manzala lake, Damietta
revealed that the diploid number of chromosomes was
2n=68. The chromosome set consists of 11 pairs, including
sex chromosomes are macrochromosomes, while the
remaining pairs are microchromosomes. Of the 10
autosomes macrochromosome pairs, pairs no.1, 2, 4 and
5 were submetacentric with total length ranging from
2.31 £ 0.16 pm to 6.78 * 0.46 pm; pairs no. 6, 7,8 and 10
were classified as metacentric with total length ranged from
111+ 0.14 um to 1.86 £ 0.18 pm as in Table 1 and Figure 1.In
addition, the autosome pair no.3 was subtelocentric with
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Table 1. Measurements and nomenclature of macrochromosomes of white stork Ciconia Ciconia.

Chromosome pair No. Short arm (p) Long arm (q) Total length (T) Arm ratio q/p (Llev‘:;?z?callat;l;; 4)
1 2.54 £0.64 4.24+0.18 6.78 £ 0.46 1.78 £0.59 Sm
2 1.66+0.34 348 +0.21 514 £0.48 214+ 0.40 Sm
3 0.96 £0.19 2.91+0.62 3.87+0.48 319+131 St
4 0.95 +£0.12 1.85 +0.49 2.79 £ 045 1.89 +0.89 Sm
5 0.83 £0.27 1.48+0.128 231%0.16 1.99 +0.93 Sm
6 0.77 +0.13 1.09 + 0.07 1.86 +0.18 143 +0.21 M
7 0.74 +0.01 0.91 +0.06 1.66 + 0.04 1.20+0.10 M
8 0.67 £0.03 0.79 +0.06 1.47 £ 0.046 117 £0.13 M
9 - 1.21£0.16 1.21+£0.16 - T
10 0.46 £0.13 0.64+0.011 111 £0.14 1.46 +0.39 M
z 1.09+0.16 2.01+£0.71 3.10+0.65 1.89+0.89 Sm

w - 110+0.12 110£0.12 - T
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Figure 1. Image of metaphase cell chromosomes (a) and karyotype (b) of male white stork Ciconia ciconia collected from Manzala lake,

Dimette. Note the female ZW chromosomes are added in (b), numbers refer to macrochromosomes.

total length 3.87 + 0.48 pm, while autosome pair no.9 was
acrocentric and its size was 1.21 £ 0.16 pm. Moreover, the
sex chromosome Z represents the fourth one in size and
it was classified as submetacentric while, W chromosome
appeared as medium size and was acrocentric.
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3.2. Constitutive heterochromatin description (C-banding)

The results of C-banding revealed variation in their
sizes and occurrence between macrochromosomes as in
Figure 2. In the present study, chromosome pair no.1 and
2 have small to medium sized telomeric C-band while
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Figure 2. Image of C-band metaphase spread (a) of the male white stork Ciconia ciconia, and an Ideogram (b) of macro-chromosomes
illustrates the position and size of C-heterochromatin in it. Note arrows indicate to pairs no.7 and 8 (entirely heterochromatic) and W

chromosome is added to the Ideogram (b).

chromosome pair no.3 has large centromeric C-band in
addition to faint telomeric distal C-band. However, the
acrocentric chromosome pair no.9 has large block of C-band.
Moreover, the remained biarmed autosomes have varied
size centromeric C-band except autosome pairs no.7 and 8
appeared completely entirely heterochromatic. In the other
hand, the sex chromosome Z has medium sized centromeric
C-band in addition to telomeric (distal) part. In addition
to the description of C-banding on macrochromosomes,
constitutive heterochromatin dots were counted in each
metaphase set in all the examined samples of Ciconia ciconia.
The results revealed that the mean number of C-band
blocks on microchromosomes per cell was (25.33 + 2.1).

4. Discussion

There was no previous data on the karyotype and
C-banding pattern of white stork Ciconia Ciconia, so the
data presented herein are important. Therefore, it helps in
animal reproduction program and takes part in the pool
of knowledge on chromosome evolution of Ciconiiformes.
In the present study, chromosomal results of white stork
Ciconia Ciconia collected from Manzala lake, Damietta
revealed that the diploid number of chromosomes was
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2n= 68. According to the parallel studies on Ciconiidae,
Francisco and Galetti Junior (2000) reported that Mycteria
americana had a diploid number 2n=72, which was
karyotypically similar to the previously described Mycteria
cinerea (Belterman and Boer, 1990). In addition, (Belterman
and Boer, 1990) Mycteria cinerea (2n=72) may represent
the ancestral karyotype of Ciconiids. The results in the
present study were in consistent with the previously
reported by Belterman and Boer (1984); Belterman and
Boer (1990); Boer and Van Brink (1982) and Takagi and
Sasaki (1974) in which there was decreasing in the number
of microchromosomes among these species. The reduction
in some genome of birds may be an adaptive characteristic
due to natural selection. Moreover, some authors observed
that the excellent flayer birds have small genome than the
largest one which is present in unflying birds (Hughes
and Hughes, 1995; Hughes, 1999). However, this opinion
was doubted, because there was no sufficient evidence
showing which came first, the ability to fly, or the decrease
in genome size (Gregory, 2002; Waltari and Edwards,
2002). The decreasing in number of microchromosomes
may be a common chromosome evolutionary strategy in
some bird groups (Francisco and Galetti Junior, 2000).
Besides, the reduction in number of micochromosomes
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may be due to chromosomal fusion (Nanda et. al., 2007).
Moreover, the appearance of biarmed chromosomes may
be due to occurrence of reciprocal translocation.

In the present study, results of karyotype revealed that
of 68 chromosomes, 11 pairs, including sex chromosomes
are macrochromosomes, while the remaining pairs are
microchromosomes. Of the 10 autosomes macrochromosome,
pairs no.1, 2, 4 and 5 were submetacentric that was in
disagreement with Francisco and Galetti Junior (2000) in
Mycteria americana (Ciconidae). On contrary, results here in
was in agreement with Francisco and Galetti Junior (2000)
in Mycteria americana (Ciconidae) in which chromosome
pair no.3 was subteloceentric; pair no.9; W chromosome
was telocentric and Z chromosome was submetacentric. The
maintenance of a similar karyotype in Mycteria americana
suggests a conservative chromosome evolutionary pattern
within this genus. On the other side, the autosomes pairs
no. 6, 7, 8 and 10 were metacentric.

Regarding the description of constitutive heterochromatin
(C-banding) of the white stork Ciconia ciconia, there is
no previously available literatures which describe the
C-banding of Ciconia ciconia. In the present study, Pattern
of constitutive heterochromatin of the white stork Ciconia
ciconia represented by occurrence of variable sized
centromeric C- bands in all macrochromosomes except
autosome pairs nos.1 and 2 that have faint heterochromatin
on the telomeric region. Chromosome pair no.3 has large
centromeric C-band in addition to faint telomeric distal
C-band. However, the acrocentric chromosome pair no.9 has
large block of C-band while the remained biarmed pairs no.
4, 5, 6 and 10 autosomes have varied sizes of centromeric
C-band. Moreover, the submetacentric Z chromosome
has a small sized centromeric C-band in addition to
faint distal portion. From the above-mentioned results,
the obvious variation of C-banding distribution in white
stork chromosomes may be attributed to the variation of
euchromatin with chromosome size and arrangement of
constitutive heterochromatin as reported by previous studies
on avian taxa (Ata et al., 2005, 2017, 2019; Shahin et al.,
2014; Yosida, 1973). On the other hand, chromosome pairs
no. 7 and 8 appeared entirely heterochromatic as well as W
sex chromosome. This unusual distribution of constitutive
hetrochromatin on somatic chromosomes was previously
reported by some studies on aves as in ducks (Ata et al,,
2019), passerine bird Erithacus savecicus (Bhunya and Sultana,
1982). However, there is no sufficient evidence illustrate this
phenomenon. On the other hand, Bergero and Charlesworth,
2009; Mank, 2013 reported that appearance of entirely
heterochromatic autosome may be related to the origin of
Z and W sex chromosomes which, they thought that sex
chromosomes might arise from the somatic chromosomes
throughout recombination and/or chromosomal exchanges
during evolutionary processes. Additionally, the C-banding
heterochromatin dots of microchromosomes in the present
study were small. This could be attributed to either
transformation of heterochromatin into euchromatin and
vice versa (Ata et al., 2019; King, 1991; Shahin et al., 2014)
or to involvement of structural chromosomal aberrations
during karyotype evolution (White, 1973).
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5. Conclusion

The diploid chromosome number of white storks
Ciconia Ciconia collected from Manzala lake, Damietta was
2n= 68 chromosomes. 11 pairs, including sex chromosomes
are macrochromosomes, while the remaining pairs are
microchromosomes. C-banding description of the white
stork Ciconia ciconia showed variable sized centromeric
C- bands in all macrochromosomes except autosome
pairs nos.1 and 2 that have faint heterochromatin on the
telomeric region. In addition, autosomes pairs no. 7 and 8
appeared entirely heterochromatic.
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