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The karyotype and C-banding pattern of domestic Greylag geese Anser anser anser
populations collected from five localities in E1 Minia, Egypt, that have either whitish grey or
white feather color patterns were described. All populations have a diploid number of 2n=80
chromosomes. Of the 80 chromosomes, 10 pairs, including ZW chromosomes, were
macrochromosomes and the remaining 30 pairs were microchromosomes. Slight variation in
the size of macrochromosomes was observed amongst populations. However, obvious
variation of C-banding distribution was found and attributed to variation of euchromatin
content and its correlation with chromosome size and arrangement of constitutive
heterochromatin. Nevertheless, significant variation in the mean number of
C-heterochromatin blocks in microchromosomes was attributed to either transformation of
heterochromatin into euchromatin and vice versa or to involvement of structural
chromosomal aberrations during karyotype evolution. The present results show that A. anser
populations common in Egypt could be distinguished from those of A. anser and 4. cygnoides
occurring elsewhere in Europe and Asia via variability in chromosome morphology of pairs

nos. 2, 3 and 4.
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The geese of the genus Anser Linnaeus 1758 in-
clude all the grey and sometimes the white geese.
This genus belongs to the subfamily Anserinae
comprising the true geese and swan (LIVEZEY
1986; CARBONERAS 1992) and contains ten living
species, which span nearly the whole range of true
goose shapes and sizes. Only two of these ten spe-
cies have been domesticated (CRAWFORD 1990)
and one of them is Anser anser which is a Euro-
pean species and is represented by many breeds
(WOICIK & SMALEC 2007). One of these breeds is
common in Egypt and is called Greylag goose Anser
anser anser. These geese measure about 70-89 cm
long and the feather color ranges from brownish
grey or whitish grey, with pale-edged feather in the
upper parts, to totally pure white or grey. The tail is
grey with a white tip and the tail coverts are white.
The breast and abdomen are brownish grey, with
a few small gray spots. The beak, legs and feet
color ranges from orange to pinkish. The sexes are

very similar in appearance but the male is usually
larger than the female (EEAA 1997).

Birds are considered one of the least karyotypi-
cally examined animal groups due to their karyo-
type specificity, i.e. small chromosomes, a large
diploid chromosome number and the separation of
chromosomes into macro- and microchromosomes
(CHRISTIDIS 1989; RODIONOV 1997; STEVENS
1997; SHETTY et al. 1999; WOJCIK & SMALEC
2007). The classical avian karyotype, although it is
highly conserved among very divergent lineages
of birds from ratites to passerines, has an ex-
tremely variable diploid number ranging from 40
to 142 chromosomes (CHRISTIDIS 1990; GRIFFIN
et al. 2007). The large sized chromosomes range
from four to eight microns in length and constitute
only a few chromosome pairs. The remaining pairs
are described as microchromosomes and are usu-
ally smaller than two microns in length and in
many cases they appear as points (CHRISTIDIS
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1989; SHETTY et al. 1999). Microchromosomes in
comparison with macrochromosomes are charac-
terised by a higher content of guanine-cytosine
pairs (G-C). In addition, half of the identifiable
genes are situated on microchromosomes (FILLON
et al. 1998; GREGORY 2002). Moreover, bird mi-
crochromosomes are characterized by a three-fold
higher crossing-over frequency than the macro-
chromosomes and thus the possibility of their correct
segregation during meiotic division is considera-
bly increased (RODIONOV 1996).

Cytogenetic research on birds is stimulated by
scarce knowledge about waterfowl genomes (VIG-
NAL et al. 1999). With the development of chro-
mosome banding techniques in the 1970s, it
became possible to identify precisely the ho-
mological pairs as well as to identify and analyze
chromosomal aberrations (WOJCIK & SMALEC
2007). Chromosome banding patterns were per-
formed for man and many farm animal species
(ISCNDA 1989; ISCN 1995; ANSARI ef al. 1999;
ISCNDB 2000). However, in poultry the banding
pattern, which includes the nine largest pairs of chro-
mosomes, was obtained only for Gallus domesticus
(LADJALI-MOHAMMEDI ef al. 1999).

Conventional banding techniques do not always
enable differentiation of bird chromosomes even
in relation to the centromere location (BITGOOD &
SHOFFNER 1990). One of the most frequently ap-
plied chromosome banding techniques is the RBG
banding method. Another popular chromosome
banding method is the CBG banding method
(WOICIK & SMALEC 2007, 2008). Constitutive
heterochromatin, constituting about 20 % of the
genome, is a structural part of C-bands and has
been proven to differentiate between very similar
karyotypes (SHAHIN & ATA 2004). A pair of ho-
mologous chromosomes may be heteromorphic
when one member has more heterochromatin ma-
terial than the other, i.e. an addition or deletion
making the homologues unequal (SHAHIN & ATA
2004). C-heterochromatin is placed in the centro-
meric, telomeric and interstitial parts of chromo-
somes (BURKHOLDER & DUCZEK 1982; SHAHIN
& ATA 2004). Moreover sex chromosomes W, Z
and B-chromosomes of animals can be entirely or
mostly made up of heterochromatin (SWITONSKI
1998). In birds, C-banding is primarily considered
a diagnostic technique for the detection of the W
chromosomes (WANG & SHOFFNER 1974). The
C-banding staining technique indicated that W is
rich in constitutive heterochromatin, which in oth-
erwise only found in high densities at the centro-
meres of microchromosomes and at one end of the
Z chromosome (ELLEGREN e? al. 2007; SCHMID et al.
2005).

Most morphological karyotype and banding pat-
tern studies of various goose species were carried

out on individuals occurring outside Egypt (HAM-
MAR 1966; BHATNAGAR 1968; BECAK et al. 1975;
SHOFFNER ef al. 1979; BELTERMAN & DE BOER
1984; SILVERSIDES et al. 1988; CHRISTIDIS 1989;
CRAWFORD 1990; HIDAS 1993; APITZ et al. 1995,
RABSZTYN et al. 1998; ANDRASZEK et al. 2007,
2010; WOICIK & SMALEC 2007, 2008, 2011,
2012), however, up to date no further studies in-
volved geese common from Egypt.

Hence, the present study was undertaken to carry
out a detailed survey of the Greylag goose 4. a. an-
ser populations having either whitish grey or pure
white feather color patterns in El Minia (Upper
Egypt), with the major aims of: 1) testing whether
there are different karyotype forms based upon the
existing feather color pattern variation in these
populations; 2) identifying and characterizing the
karyotype of these predictable forms; 3) assessing
karyotype evolution among these forms using the
C-banding technique; and 4) comparing the pres-
ent results with those available on other geese spe-
cies occurring elsewhere.

Material and Methods

Adult male and female individuals of the domes-
tic Greylag goose Anser anser anser Linnaeus
1758 populations having whitish grey and pure
white feather color patterns were collected from
local markets and houses of five localities (ten
samples each) in El Minia province (Upper
Egypt). The collecting sites and the corresponding
sample sizes, sex and feather color patterns are in-
dicated in Table 1 and Fig. 1. The geese samples
were killed and femurs were dissected. Subse-
quently, the following techniques were under-
taken.

Conventional preparation

Mitotic chromosome spreads from the femoral
bone marrow cells were prepared by the air drying
technique using the method of YOSIDA (1973) and
ATA et al. (2005), with some modifications. The
bone marrow cells were treated in vitro with
0.025% colchicine solution made in EDTA for 15
min at room temperature. About 100 metaphase
plates from both males and females of each popu-
lation were examined at x100 magnification and
good spreads (about 50) from both sexes of each
population were scored and photographed using
an Olympus BX51 microscope with a C-4040
zoom digital camera. The karyotype was deter-
mined on the basis of 50 well-spread metaphase
cells from each population. Macrochromosomes
were measured under the microscope using the
Soft Imaging System (SIS) analysis program (Ver-
sion 3.0) edited in 1999 by Soft Imaging System
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Table 1
The collecting sites and the corresponding sample number based on feather color and sex
variation
Number of collected samples based on feather color
Total number
Location Whitish grey White of collected
samples
Male Female Male Female
Samalot 5 5 - - 10
Bani Mazar 4 4 1 1 10
Mallawy 3 3 2 2 10
El Minia 4 4 1 1 10
Abu Qurgas 4 4 1 1 10
N\ GmbH, Germany, and classified according to the
\ N system of nomenclature proposed by LEVAN et al.
) T (1964).
\
\ 5 C-banding technique
\ 26°40 , ,
~ C-bands were obtained by using the standard
J protocol of SUMMNER (1972) with major modifi-
4 cations as described by SHAHIN and ATA (2004)
/ and ATA et al. (2005). About 100 metaphase plates
|\ from both males and females of each population
\ were examined and photographed using an Olym-
,' pus BX 51 microscope with a C-4040 zoom digital
‘l ., | camera. The C-banding size and distribution on
\= . 2820  the macrochromosomes of both males and females
'\ of the five localities were described. In addition,
\ the number of C-bands in the microchromosomes
‘\ was counted for both sexes of each population of
N the five localities and their mean numbers were
4 statistically analyzed by using MSTATC program
\ version 2.10 (GOMEZ & GOMEZ 1984).
. 28°00|
5.0 bu Qurqas Results
)
N Karyotype
\\\ As arule, the karyotype of the domestic Greylag
v @ Q Ma"awy goose A. a. anser populations collected from the
i 5 five localities and that have either whitish grey or
‘\ 27°40| white feather colors was practically similar in mor-
——River Nile \\ phology and consists of a diploid number of 2n= 80
------- Ibrahimia Canal . chromosomes. The chromosome complement con-
——-Bahr Yusef Canal sists of 10 pairs, including the sex Z and W chro-
8, mosomes, which were classified as macrochromo-
8 somes, while the remaining 30 pairs were identified

Fig. 1. The localities from which domestic Greylag goose
opulations were collected from the five localities in El
inia province (Upper Egypt).

as microchromosomes (Table 2). Ofthe 10 pairs of
macrochromosomes, pair no.1 was submetacen-
tric, pairs nos. 2 and 4 were metacentrics, pair no. 3



A. A. B. SHAHIN et al.

52

w STOFVI'T 66 TF6 91 w1 6007911 | ¥6'1F8TIY w | 9I'0FPCTT | 90°¢F88 Py | W | €0'0FSO'T | 98°0FS98y | W | 0I'0F60°T | LOTFO'LY M
ws ST OFI6’] LEEFLTSE ws | 6T°0FER[ | TR SFESHE ws | 1€0F08°T | ¥I'PFS09E | WS | €TOFIBT | 8I'EFLL'SE | WS | TTOFCY] | BEEFLEBE yA
] 000 0001 1 000 0001 1 000 0001 1 000 0001 1 000 0°00T 6
} 000 0001 } 00°0 0°001 } 00°0 0°001 } 00°0 0°001 } 000 0°001 8
} 000 0°00T } 00°0 0°00T } 00°0 0°00T } 000 0°00T } 000 0°001 L
] 000 0001 1 000 0001 L 000 0001 1 000 0001 1 000 0°00T 9
} 000 0001 } 000 0001 } 000 0°00T1 } 00°0 0°001 } 000 0°001 S
w P1'0FETT 6L TFS6'vY wOI0FSIT | TETFLI 9P w | STOFCET | 16'6FSL'Sy | W | [I'0F0TT | STTFCY'SY | W | 0TOFLTT| 89 EFCCTYY %
18 [T TFvL Y 1THF8T' 81 I | 6S0FIEY | SOTFOO'6T 18 WWIF6TY | 66'VF86°61 I8 | 9S°0FCTY | LT'TFIL'6T I YTTFOY' Y| PLEFOT 61 €
w €C0F99°1 0T €T81°8€ W I ZIoFrs' 1| €8 IFIS6¢ W yCOFISTT | €OPFLIOP | W | STOFOS'T | TP TFCTOy | W | [TOFLST | YTEFSI'6E 4
ws STOFSL'T 07" CTF9°S€ ws | STOFIL'T | IV TFLTLE ws | IE0F68T | €8'¢FISHE | WS | TI'OFYL'T | €V 1F69°9¢ | WS |\ $T0F69'T | 68 IF8I'LE !
odA1, | onerwry |9 xopuy ‘nud) | odA 1 | oner wiry |9 xopuy 'nud) | odA] | onerwry (9 Xopu ‘nud)| odA] | onerwry 04 xopu] ‘nud) 9dA[, | oner wiy |9, XopuJ "juo))
‘ON 2Wos
-owoay))
sebinQ) nqy Ame[eN RIUIA [ Ieze\ lueq joewes

[4SICLAD

(91U29019.) OLIIUI0[)=) ‘OLIIUII0[IGNS=]S ‘OLIIUIILIIWGNS=US ‘OLIUIILJOW= ‘OLIOWONUI= "Jud)) ((JS) UOIBIAOP PIEPUR)S F SUBIW SE PIJUIS
-01d oI1e BJEp puR W Ul UJAIS OIB SJUSWAINSEIN "SONI[EI0] dALJ wolJ paurwexd suonendod 95033 Fe[Ao1n) uoomidq suosLedwod [ewosowoIy))




Karyotype and C-banding of Anser anser

Table 3

Distribution of C-blocks into different size categories among macrochromosomes of the
Greylag geese populations examined from the five localities. E=entirely heterochromatic,

L=large, M= medium, S=small, Sf=small faint, -=no C-blocks

53

) Macrochromosome number
Location

1 2 3 4 5 6 7 9 V4
Samalot M M M M St L L M M
Bani Mazar — S S S St S M M S
Mallawy S S M S St L L M M
El Minia S S S S St M M L M
Abu Qurgas S S M M St M M L M

was subtelocentric, while pairs nos. 5, 6,7, 8, and 9
were acrocentrics. The sex chromosome Z ap-
peared submetacentric, however, the W chromo-
some was a medium sized metacentric. For details
on the arm ratios and centromeric index values of
the chromosome complement in all populations,
see Table 2.

C-banding comparison

As arule, all of the goose populations examined
in this study have a relatively small amount of con-
stitutive heterochromatin and their C-banding pat-
tern was characterized by the presence of a centro-
meric C-band in a variable number of chromo-
somes of each of these populations. In addition, it
is noteworthy to mention here that no variation in
the constitutive heterochromatin content was ob-
served amongst geese populations of the five lo-
calities that have different feather color patterns.
Although the positions of C-bands was frequently
similar in the same chromosomes of all popula-
tions, obvious variation in the size and occurrence
of C-bands was observed between the populations
of the five localities (Table 3; Figs 2 & 3).

Macrochromosomes

The C-banding size and occurrence in ten pairs
of macrochromosomes were fairly different
amongst populations (Table 3; Figs 2 & 3). Chro-
mosome pair no.l has a small to medium sized
centromeric C-band in addition to a telomeric (dis-
tal) C-band that appeared in its long arm (q) in the
populations of Samalot, Mallawy and Abu Qurqas
(Fig. 2), however, it appeared entirely devoid of
heterochromatin in Bani Mazar population (Fig. 3).
Similarly, pairs nos. 2, 3 and 4 have a small to me-
dium sized centromeric C-band in all populations.
However, pair no. 5 has a small sized lightly

stained centromeric C-band, while pairs nos. 6, 7,
8 and 9 have a small or medium sized to large
darkly stained centromeric band in all populations.
In addition, the Z chromosome has a small to me-
dium sized darkly stained centromeric C-band,
however, the W chromosome appeared to entirely
consist of a large darkly stained C-heterochromatin
block in all populations (Figs 2 & 3).

Microchromosomes

Of the 30 pairs of microchromosomes, only two
pairs appeared to entirely consist of heterochroma-
tin in all geese populations, while variable sized
C-band blocks were recognized in the remaining
pairs (Figs 2a & 3a). In addition, although signifi-
cant variation in the mean number of C-hetero-
chromatin blocks was observed between the geese
populations examined (P>0.05), no significant
variation was scored between the males and fe-
males of all populations, except Abu Qurgas popu-
lation where the mean value was significant. For
details on the mean number of C-blocks in males
and females of all populations, see Table 4).

Discussion

Chromosome examination of the domestic
Greylag geese 4. a. anser populations collected
from five localities in E1 Minia province with ei-
ther whitish grey or white feather color revealed
similar karyotypes consisting of 2n= 80 chromo-
somes. This means that the karyotype of 4. anser is
conserved in these geographically isolated and
distinctively colored populations and their karyo-
type evolution occurs slowly. A conclusion that
coincides with the assumption of CHRISTIDS
(1990), STEVENS (1997), RODIONOV (1997) and
SHETTY et al. (1999) that the avian karyotype is
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Fig. 2. Ima%e of C-bands of meta&)\?ase cell chromosomes
collected from Samalot locality. Note the female ZZ chromosomes are a
q arms of pair no. 1 and numbers refer to macrochromosomes.
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Fig. 3. Picture of C-bands of metaphase cell chromosomes (a) and karyotype (b) of a female Greﬁ/lag goose Anser anser anser

collected from Bani Mazar locality showing that the pair no. 1 is entirely devoid of heteroc

chromosomes are added in (b) and numbers refer to macrochromosomes.

romatin. Note the male ZW
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Table 4

The mean number and standard deviation (+SD) of C-band blocks on the microchromo-
somes of the Greylag geese populations examined from the five localities. Means having the
same letters vertically are not significant at P<0.05 according to DUNCAN’s (1955) multiple

range tests

Sex
Location Overall mean
Male Female
Samalot 45.68"+0.1 46.64*£1.9 46.16%£1.3
Bani Mazar 39.07°£1.9 37.65°+1.8 38.36°+1.8
El Minia 38.605+2.1 38.40°%+3.9 38.50%+2.8
Mallawy 45.10°+9.2 43.66"+1.0 44.38"+5.9
Abu Qurgas 44.04*+4.3 39.84%43.8 41.94*%+4 3
Least Significant Difference (LSD) 3.611 4.662

highly conserved in many species and its evolution
occurs rather slowly.

Of the 80 chromosomes, ten pairs including the
Z and W chromosomes were identified as macro-
chromosomes, while the remaining 30 pairs were
microchromosomes. According to results of paral-
lel studies on 4. anser, WOICIK and SMALEC
(2007) described only 14 pairs (13 pairs of auto-
somes and ZW chromosomes) out of the 40 pairs
of chromosomes. However, in addition to the
ZW chromosomes, ANDRASZEK et al. (2007) rec-
ognized only eight pairs, compared to only five
pairs by ANDRASZEK ef al. (2010) and SILVER-
SIDES et al. (1988). In addition, the karyotype mor-
phology was frequently similar in all populations.
Of the ten pairs of macrochromosomes, pair no. 1
was submetacentric in all populations. This find-
ing is consistent with that found in both 4. anser
and 4. cygnoides (SILVERSIDES et al. 1988; HIDAS
1993, 1999; APITZ et al. 1995; ANDRASZEK et al.
2007; WOJCIK & SMALEC 2007, 2008). Pair no. 2
was metacentric; however, on the contrary, it is iden-
tified by the previous authors as submetacentric.
Similarly, pair no. 3 was recognized herein as sub-
telocentric, while it is acrocentric in ANDRASZEK
et al. (2007) and WOICIK and SMALEC (2007,
2008). Nevertheless, pair no. 4 was metacentric;
this is in agreement with the description of BEL-
TERMAN and DE BOER (1984) and WOJCIK and
SMALEC (2008) but it contradicts the findings of
SILVERSIDES et al. (1988), HIDAS (1993, 1999),
APITZ et al. (1995), ANDRASZEK et al. (2007) and
WOICIK and SMALEC (2007) who described it as
submetacentric.

Frequent accounts have mentioned the differ-
ences in size and morphology of the fourth chro-

mosome in birds. CHOWDCHARY and RAUDSEPP
(2000) pointed out that the fourth chromosome has
been considered the greatest enigma in the evolu-
tion of birds. BURT et al. (1999) mentioned that
these differences are due to the structural chromo-
somal aberrations that occurred during bird evolu-
tion. Amongst goose populations, however, this
morphological variation in the structure of the
fourth pair of autosomes is attributed to the peri-
centric inversions that have occurred during
karyotype evolution (SHOFFNER et al. 1979; SIL-
VERSIDES et al. 1988; APITZ et al. 1995; RABSZ-
TYN et al. 1998). Similarly, the morphological
variation in pairs nos. 2 and 3 between the present
species and A. anser and A. cygnoides domesti-
cated elsewhere could be explained also in view of
pericentric inversions during karyotype evolution.

Moreover, the autosome pairs nos. 5 to 9 were
classified as acrocentrics in the present study, a re-
sult that is in agreement with that reported by
ANDRASZEK et al. (2007) and WOICIK and SMALEC
(2007, 2008). Furthermore, the Z chromosome
was submetacentric in all populations. This agrees
with the findings of GOLDSCHMIDT et al. (2000),
ANDRASZEK et al. (2007) and WOJICIK and SMALEC
(2007,2008). Conversely, the W chromosome was
metacentric in all populations examined; this re-
sult is consistent with the data presented by
GOLDSCHMIDT et al. (2000), however, it contradicts
SILVERSIDES et al. (1988), APITZ et al. (1995) and
WOICIK and SMALEC (2007, 2008) who assigned
it as submetacentric. This difference in chromo-
some nomenclature may be due to some intrachro-
mosomal rearrangements such as addition or
deletion of chromosomal segments caused by peri-
centric inversion (GRIFFIN et al. 2007; SHIBUSAWA
et al. 2004; NANDA et al. 2008).
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All of the Greylag geese populations examined
have a common pattern of constitutive heterochro-
matin represented by the occurrence of a variable
sized centromeric C-band in all chromosomes ex-
cept the Bani Mazar population in which pair no. 1
appeared entirely devoid of heterochromatin. Ab-
sence of heterochromatin blocks in 4. anser chro-
mosomes has also been described by WOICIK and
SMALEC (2007) in pair no. 4. In addition, a telo-
meric (distal) C-band was detected only on the
long arm (q) of this pair in the populations of Sa-
malot, Mallawy and Abu Qurqas. Occurrence of
telomeric C-band either on the long arms or on
both arms of some chromosomes of Anser species
has also been recorded by HAMMAR (1966),
MAYR et al. (1990), APITZ et al. (1995) and WOJCIK
and SMALEC (2007, 2008) as a result of the pres-
ence of guanine-cytosine regions (CMA-2 posi-
tive). However, the lack of these telomeric C-bands
in the distal parts of chromosomes is attributed to
short digestion times of the chromosomes with
barium hydroxide (WOJCIK & SMALEC 2007).

Many explanations have been put forward to ac-
count for variation in C-bands between the indi-
vidual homologue pair chromosomes or among
chromosomes of the same karyotype or even
among karyotypes of closely related species. For
example, it has been attributed by many authors to
transformation of heterochromatin into euchroma-
tin or vice versa (KING 1980, 1991; KING & JOHN
1980; CABRERO et al. 1985; CUEVAS & FORMAS
2003; SHAHIN & ATA 2004) or to deletion or du-
plication of heterochromatic segments among
karyotypes of related species (WHITE 1973;
CABRERO et al. 1985). In the present study, it is
evident that the heterogeneity of C-banding distri-
bution in morphologically similar chromosomes
could be attributed to variation of euchromatin
content and its correlation with chromosome size
and arrangement of constitutive heterochromatin.

Moreover, chromosome pair no. 4 has a small to
medium sized centromeric C-band in the 4. a. an-
ser populations examined. CBG banding tech-
niques explained to a certain extent the differences
in the morphology, size and heterochromatin con-
tent of the fourth chromosome in the karyotype of
A. anser and A. cygnoides (APITZ et al. 1995;
ANDRASZEK et al. 2007; WOICIK & SMALEC 2007,
2008). In A. anser the fourth chromosome ap-
peared totally devoid of constitutive heterochro-
matin (ANDRASZEK et al. 2007; WOICIK & SMALEC
2007). However, on the contrary, it has centro-
meric C-bands in the interstitial part of the p arm
and in the subcentromeric region in A. cygnoides
(APITZ et al. 1995; WOICIK & SMALEC 2008). Ad-
ditionally, the previous authors attributed the dif-
ference of the fourth chromosome morphology
between metacentric and submetacentric to the ge-

netic heterozygosity that resulted from cross
breeding between wild European A4. anmser and
Asian A. cygnoides. Therefore, chromosome pair
no.4 could be used as a marker to distinguish be-
tween the Greylag geese A. a. anser domesticated
in Egypt and other species of Anser occurring else-
where in Europe and Asia.

Furthermore, the present results revealed that the
Z chromosome has a small to medium sized darkly
stained centromeric C-band in the populations
examined. Nevertheless, WOICIK and SMALEC
(2007) detected a centromeric band only on the
short arm (p) of the Z chromosome of 4. anser in
addition to the interstitial blocks that amounted to
41% of its total length, while ATA et al. (2005)
scored a terminal large C-band block on only one
arm of the Z chromosome in three galliform spe-
cies (turkey, quail and chicken). This change in the
position of heterochromatin content could be ex-
plained in terms of ancestral pericentric inversion
and deletion of the centromeric heterochromatin.

On the other hand, the W chromosome was me-
tacentric and entirely heterochromatic in all popu-
lations. However, WOJCIK and SMALEC (2007)
mentioned that the heterochromatin blocks are
found on the interstitial parts of the submetacentric
W chromosome and measure about 75% of its total
length. Nonetheless, ATA et al. (2005) found that
the W chromosome is submetacentric in chicken
and turkey and subacrocentric in quail and is entirely
heterochromatic in the three galliform species.

Regarding the C-banding pattern of microchro-
mosomes, it was shown that the mean number of
C-heterochromatin blocks were significantly dif-
ferent between the geese populations examined
(Table 4). However, no significant variation was
found between the males and females of all popu-
lations, except the Abu Qurgas population where
the mean value was significant. This difference
could be attributed to either transformation of het-
erochromatin into euchromatin and vice versa
(KING 1991) or to involvement of structural chro-
mosomal aberrations during karyotype evolution
(WHITE 1973). In addition, it was found that the
mean number of C-heterochromatin blocks in both
sexes of the Samalot population was significantly
higher than in other populations (Table 4). This in-
crease in the constitutive heterochromatin content
could be explained in terms of multiple chromoso-
mal aberrations that might have occurred during
evolution (BURT ef al. 1999).

In conclusion, the present cytological data indi-
cated that the domestic Greylag geese A4. a. anser
populations collected from the five localities in
El Minia province with feather colors either whit-
ish grey or pure white have the same karyotype of
2n= 80 chromosomes. However, slight variation in
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the size of macrochromosomes was observed
amongst populations. In addition, all of the popu-
lations examined have a common pattern of consti-
tutive heterochromatin represented by the occur-
rence of a variable sized centromeric C-band in all
chromosomes except the Bani Mazar population
in which pair no. 1 appeared entirely devoid of het-
erochromatin. This variation of C-banding distri-
bution in morphologically similar chromosomes
could be attributed to variation of euchromatin
content and its correlation with chromosome size
and arrangement of constitutive heterochromatin.
Moreover, significant variation in the mean
number of C-heterochromatin blocks in micro-
chromosomes could be attributed to either trans-
formation of heterochromatin into euchromatin
and vice versa or to involvement of structural chro-
mosomal aberrations during karyotype evolution.
However, the significantly higher increase in the
mean number of C-heterochromatin blocks in mi-
crochromosomes of males and females of the Sa-
malot population than other populations could be
explained in terms of multiple chromosomal aber-
rations that might have occurred during evolution.
Additionally, the Greylag goose 4. a. anser com-
mon in Egypt could be distinguished from those of
A. anser and A. cygnoides occurring in Europe and
Asia via variability in the morphology of chromo-
some pairs nos. 2, 3 and 4.
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