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I he geese of the genus Anser Lin-
naeus 1758 belongs to the subfami-

ly Anserinae including true geese and
swan (Livezey, 1986; Carboneras, 1992).
Currently, 10 species of Anser are recog-
nized, which span nearly the whole range
of true goose shapes and sizes
(Carboneras, 1992). Two only of these
species have been domesticated (Craw-
ford, 1990) and one of them is Anser
anser which is a European species and is
represented by many breeds (Wojcik and
Smalec, 2007). Greylag goose Anser
anser anser is common breed in Egypt.
According to the publication of the Egyp-
tian Environmental Affairs Agency
(EEAA, 1997), these geese are character-
ized by having brownish grey or whitish
grey or totally pure white feather. The tail
is grey with a white tip and the tail cov-
erts are white. The beak, legs and feet
color ranges from orange to pinkish.
There is high similarity in appearance of
the two sexes.

Taxonomic studies of avian spe-
cies typically dealt with analysis of mor-
phology, plumage, behavior and cytologi-
cal approaches (Johnsgard, 1961,
Livezey, 1986; Ata et al., 2005; 2007 and
2017). Nevertheless, molecular analyses
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are recognized as being of value to avian
taxonomy, beginning with Sibley’s elec-
trophoretic evaluation of avian egg-white
proteins (Sibley, 1960). As Sibley’s avian
studies (Sibley et al., 1969; Sibley, 1970;
Sibley and Ahlquist, 1972) are focused at
the generic and familial levels, later stud-
ies largely extended to identify avian spe-
cies and their relationships. In addition,
taxonomic controversies have been clari-
fied in many taxa by using molecular
techniques that help to study the genetic
variation by using DNA markers and cre-
ate new possibilities for the selection and
genetic improvement of livestock (Salem
et al., 2005).

One of the efficient DNA molecu-
lar markers is Microsatellites markers
(SSR). They are suited to distinguish be-
tween closely related genotypes and to
characterize the genetic variations of ani-
mal species based on DNA polymorphism
(Simianer, 2006). Microsatellites; Simple
Sequence Repeats (SSR) are tandem re-
peated of DNA section. They are arranged
throughout the genome of eukaryotes and
these repeats are mono or di, tri, tetra or
penta units (Powell et al., 1996). These
markers are polymorphic, co-dominant
and highly reproducible. They have been
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extensively used in forensics, genetic
mapping, population genetics and evolu-
tionary studies (Vignal et al., 2002;
Sasazaki et al., 2004; Yoon et al., 2005).
A large number of microsatellite markers
have been mapped for various waterfowl
species (Fields and Scribner 1997; Maak
et al., 2000; Sruoga et al., 2005; Baublys
et al., 2006; Ahmadi et al., 2007; Basha et
al., 2016; Seo et al., 2015 and 2016).

Currently there are known some
microsatellite markers isolated and evalu-
ated in the wild forms of geese as Greylag
goose Anser anser (Weil3 et al., 2008),
Canada goose Branta canadensis L.
(Cathey et al., 1998), Swan goose Anser
cygnoides L. (Tu et al., 2006; Li et al.,
2007), White-fronted goose  Anser
albifrons (Fields et al., 1997), Pink-footed
Goose Anser brachyrhynchus
(Noreikiene, 2012). Moreover, microsat-
ellite markers were used to study genetic
diversity of anatidae in Chinese (Tu et al.,
2006; Liu et al., 2008), Hungarian,
Embden (Aliczki, 2007), Zatorska (An-
dres and Kapkowska, 2011; Mindek et al.,
2014) and Alaska's Emperor Goose popu-
lation (Gravley et al., 2017).

As regards, the Egyptian domes-
tic geese Anser anser population is still
poorly studied in views of molecular as-
pects that must be subjected to further
investigation to throw light on the taxon-
omy and genetic information of this genus
in Egypt. So, this study was carried out to
assess the genetic make-up of domestic
geese Anser anser populations of different

phenotype in Egypt, based on 10 mi-
crosatellite loci analysis.

MATERIALS AND METHODS

1. Sample collection and DNA prepara-
tion

Venous blood of geese samples
were taken from the Minia governorate
localities as illustrated in Fig. (1) and kept
in heparinized tubes at -20°C. DNA sam-
ples were extracted from 100 to 200 pl of
blood samples using Cornell extraction
buffer (Sambrook et al., 1989). Subse-
quently, the DNA extracts were purified
using the phenol-chloroform-isoamyl al-
cohol extraction method and precipitated
by ice cold absolute ethanol. The DNA
quantity and quality was determined using
UV/V spectrophotometer based on absor-
bency at 260 and 280 nm, respectively.
The sample size, sex and feather color
patterns are indicated in Table (1).

2. PCR condition

The microsatellite DNA analysis
was carried out using 10 SSR microsatel-
lite primers. Sequence and annealing tem-
peratures of the used primers are listed in
Table (2). The amplified PCR products
were in a final volume of 25 pl. Each
PCR reaction contains (5 pl of DNA tem-
plate, 2 pl of primer and 10 pl of master
mix tag. DNA polymerase, Sigma Scien-
tific Services Co., Egypt). The reaction
volume was completed to 25 pl with steri-
lized deionized water. PCR amplifications
were carried out in an initial denaturation
at 95°C for 5 min followed by 40 cycles
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of 30 s at 94°C, 60 s at 55-60°C, 120 s at
72°C, and a final extension at 72°C for 10
min using Biometra Uno-Thermoblock
Thermal Cycler. The amplified products
were resolved by gel electrophoresis 2%
agarose gel for one hour.

3. Statistical analysis

Gel images detected via PCR-
based methods were analyzed using Gel
Analyzer version three, 2007. Molecular
sizes of the amplified fragments, presence
(1) or absence (0) of DNA fragments,
frequencies through samples, and poly-
morphism type (either monomorphic or
polymorphic) as well as the polymor-
phism percentage for each primer were
determined.

Dice’s (1945) genetic similarity
coefficient values (S) within geese popu-
lations expressed as band sharing fre-
quency (BS) were calculated for all possi-
ble pairs or operational taxonomic units
(OUT) by using the software SPSS (ver-
sion 12.0.1, 2004) based upon coding of
the amplified bands numbers related to
their presence or absence; (1) for their
presence and (0) for absence. Hierarchical
cluster analysis was conducted with the
PAST software version 1.88 (Hammer et
al., 2009) based on Dice’s (1945) simi-
larity coefficient matrix within geese
populations.

RESULTS AND DISCUSSION

Ten SSR microsatellite primers
were screened to identify genetic varia-
tion in both males and females of two

phenotype of domestic geese (whitish
grey and white) occurring in Minia prov-
ince, Egypt. Only eight of the used ten
SSR  microsatellite primers produced
scorable amplified bands, while the other
two primers (TTUCG-1 and APH17) gen-
erated no amplicons in any of the studied
geese populations examined (Fig. 2 and
Table 3). These scorable amplified bands
displayed variable polymorphism
amongst the whitish grey and white popu-
lations (Tables 3 and 4). The total number
of amplified bands produced by the eight
primers was 29 bands with an overall
mean (3.63 + 0.89) and ranged from 1
band for both TTUCG-2 and TTUCG-4
primers to 8 bands in SFIMU-1 primer)
(Table 3). One monomorphic band sepa-
rately produced by each of the two pri-
mers TTUCG-2 and TTUCG-4 with mo-
lecular size 135 and 96 bp, respectively in
all investigated geese population (Table
4). In comparison with the results re-
vealed by Baublys et al. (2006) who used
the same primers (SFIMU-1, TTUCG-1,
TTUCG-2 and TTUCG-4) for studying
genetic variability of Lithuanian native
goose breeds, their results were contradict
with the present study. SFIMU-1 primer
was monomorphic in all investigated spe-
cies of Baublys et al. (2006) with DNA
fragment number (4). Here in, SFIMU-1
primer result was polymorphic and re-
vealed 8 amplified bands with molecular
size ranged from (67 to 743 bp) as shown
in (Tables 3 and 4). Moreover, the largest
number of DNA fragments (9 bands) was
detected in the Vistines breed geese ob-
tained with the TTUCG-4 primer with
molecular size ranged from 35 to 360 bp,
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and the smallest number (1 band with 30
bp) was obtained in Vistines geese with
the TTUCG-1 primer (Baublys et al.,
2006).

SSR amplicons produced by pri-
mers APH11, APH21 and SFIMU-1 ex-
hibited 100% polymorphism among the
studied geese samples, while those of
APH18 and CAUDO019 primers showed
66.7% polymorphism (Table 3). Moreo-
ver, the six SSR primers; APH11,
APH17, APH21, APH18, CAUDO019 and
CAUDO024 were used in parallel with
Fandy (2017). According to results of the
parallel studies (Fandy, 2017) on Egyp-
tian ducks populations, these six mi-
crosatellite (SSR) primers generated am-
plified bands in all duck breeds. The
number of amplified bands per primer
was variable among the five studied
Egyptian duck breeds. Moreover, some
studies used the six SSR primers APH11,
APH17, APH21, APH18, CAUDO019 and
CAUDO024 (Huang et al., 2005; Hui-Fang
et al., 2010; Ismoyowati and Purwantini,
2011; Weimann et al., 2016). They scored
39 diagnostic bands and 37 (94.87%) was
recognized as polymorphic and the other
2 (5.13%) was recognized as monomor-
phic bands.

Here in, the same six SSR primers
generated amplified bands in all geese
samples except APH17 primer. The am-
plified products and polymorphism per-
centage were different. APH18 SSR pri-
mer revealed 3 amplified bands (one
monomorphic with molecular size 65 bp
and two polymorphic with 91 and 218 bp)

within and among domestic geese sam-
ples (Table 3 and Fig. 2) while, it generate
one fixed band with 292 bp molecular
size among duck breeds (Fandy, 2017).

In the present study, six of the
eight SSR primers (SFIMU-1, APH11,
APH18, APH21, CAUDO019 and
CAUDO024) revealed polymorphism with-
in the tested geese samples and the poly-
morphism was not color or sex dependent.
These data were in agreement with those
reported by Ata et al. (2012) and Shahin
et al. (2014) and suggests the relatedness
of whitish grey and white domestic geese.

In order to determine the genetic
variability within the two phenotypes of
geese populations, matrix of Dice’s
(1945) similarity coefficient (S) was cal-
culated based upon band sharing frequen-
cy (BS) as shown in Table (5). The aver-
age mean of similarity was found between
whitish grey geese individuals S = (0.710
+ 0.0129) and ranged from 0.467 to
0.889. The average mean of similarity
was S = (0.702 + 0.0202) within white
geese population and ranged from 0.476
to 0.963. However, average of similarity
between females in both studied popula-
tions (whitish gray and white) was S =
(0.698 + 0.0138) while that of males was
S = (0.694 + 0.0185). As clearly observed
from matrix, there was great affinity and
relatedness of the two geese phenotypes
together and the two sexes.

The dendrogram was constructed
using the hierarchical cluster analysis
method with the average linkage between
pairs from the matrix of Dice’s (1945)
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and similarity coefficient values (S) with-
in geese individuals (Fig. 3). Within
populations, the dendrogram showed two
main clusters, the first of which clustering
of some males whitish grey individuals.
The second cluster included whitish grey
individuals with some white samples.
However, there were many sub clusters
group the white individuals together (Fig.
3). In addition to matrix, dendrogram re-
vealed the great similarity and relation-
ship between the two geese phenotypes
(whitish grey and white). These results
suggested the relatedness degree to each
other and white geese involved with the
genus Anser (Ata et al., 2012; Shahin et
al., 2014).

The relationship between the
whitish grey and white geese populations
indicated that the whitish grey and white
geese truly belong to the genus Anser.
This finding supports the hypothesis as-
sumed by Cramp (1977); Madge and Burn
(1988); Carboneras (1992) and Dudley et
al. (2006) who included the white geese
(genus Chen) within the genus Anser
comprising basically the whitish grey
geese. However, it contradicts the as-
sumption of AOU (1998) and IUCN
(2007) that treat them as separate.

In conclusion, the SSR microsat-
ellite primers APH11, APH21, APH18,
CAUDO019, CAUD024 and SFIMU-1
displayed obvious polymorphism within
the domestic geese population examined
in Egypt and thus suggest their potentiali-
ty for usage as intra- and inter-population
specific markers. There was polymor-

phism between the different phenotypes
of geese and this polymorphism is not
dependent on sex or color. Moreover, the
Egyptian strain is not pure strain and need
further cytological, molecular studies
based on pure lines to emphasize the ge-
netic make-up of this strain in Egypt.

SUMMARY

Genetic  variation within  and
among domestic whitish grey and white
Greylag geese populations collected from
Minia, Upper Egypt were examined using
ten SSR microsatellite primers. Of these
primers, only eight primers produced
scorable amplified bands, while TTUCG-
1 and APH17 primers generated no ampli-
fication products in any of studied geese
population. These scorable amplified
bands displayed variable polymorphism
amongst the whitish grey and white popu-
lations. The total number of amplified
bands produced by eight primers was 29
bands with an overall mean (3.63 + 0.89)
and ranged from one band with TTUCG-2
and TTUCG-4 primers to eight bands
with SFIMU-1 primer. Primers APH11,
APH21 and SFIMU-1 revealed 100%
polymorphism between geese popula-
tions. Cluster analysis of similarity within
populations indicated: 1) the existence of
two distinct evolutionary clusters corre-
sponding to whitish grey and white geese
groups and 2) clustering of white popula-
tions with the whitish grey population.
The average similarity among the two
geese phenotypes was nearly similar; this
suggests their relatedness to each other.
This relationship between the two geese
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phenotypes strongly supports the previous
hypothesis of including the white geese
within the genus Anser basically contain-
ing the Greylag geese. It is the first time
to use SSR markers for identification of
Egyptian domestic geese breed.

ACKNOWLEDGEMENTS

Grateful —acknowledgment and
heartfelt thanks are due to Dr.
Abdeltawab M. Ata, Professor of Genet-
ics, Faculty of Agric., Minia Univ., for his
truthful help in writing and reviewing the
paper.

REFERENCES

Ahmadi, A. K., G. Rahimi, A. Vafaei and
H. Sayyazadeh (2007). Microsatel-
lite analysis of genetic diversity in
Pekin (Anas platyrhynchos) and
Muscovy (Cairina moschata) duck
populations. International Journal
of Poultry Science, 6: 378-382.

Aliczki, K. K. (2007). Examining genetic
variability in ancient hungarian
goose population with microsatel-
lite. PhD. Diss. Debrecen: Univer-
sity of Debrecen, Center of Agric.
Sci., 150 p.

Andres, K. and E. Kapkowska (2011).
Applicability of anatid and
galliform microsatellite markers to
the genetic diversity studies of
domestic geese (Anser anser
domesticus): Short report. In BMC
Research Notes, 4: 10 p.

AOU (American Ornithologists Union)
(1998). Committee on Classifica-
tion and Nomenclature (1998):
Check-list of North American
Birds: The species of birds of
North America from the Arctic
through Panama, including the
West Indies and Hawaiian Islands.
7" Edition. American Ornithol-
ogists' Union and Allen Press,
Washington, D.C. and Lawrence,
Kansas, USA.

Ata, A. M., A. M. Nassif, A. E. Abu-
Salha and W. M. Fandy (2005).
Cytogenetic studies on three spe-
cies of domestic birds
(Galliformes: Awves), I- Chromo-
some morphology and C-banding
analysis. Minia J. of Agric. Res. &
Develop., 25: 977-1000.

Ata, A. M., A. M. Nassif, A. E. Abu-
Salha and W. M. Fandy (2007).
Cytogenetic studies on two species
of domestic birds (Galliformes,
Aves): |I-Meiotic behavior. Pro-
ceedings of 8" African Crop Sci-
ence Society Conference, p. 777-
781.

Ata, M. A., A. B. Shahin and S. A
Mohamed (2012). Genetic
diversity of local domestic geese in
(Egypt-Minia) governorate, using
RAPD-PCR and specific 5S primer
analysis. In "Minia International
Conference for Agriculture and
Irrigation in the Nile Basin
Countries”, Minia, Egypt, 1360-
1368.


https://www.researchgate.net/profile/Abdeltawab_Ata/publication/228521152_Cytogenetic_studies_on_two_species_of_domestic_birds_Galliformes_Aves_II-Meiotic_behavior/links/58892660458515701200f31b/Cytogenetic-studies-on-two-species-of-domestic-birds-Galliformes-Aves-II-Meiotic-behavior.pdf
https://www.researchgate.net/profile/Abdeltawab_Ata/publication/228521152_Cytogenetic_studies_on_two_species_of_domestic_birds_Galliformes_Aves_II-Meiotic_behavior/links/58892660458515701200f31b/Cytogenetic-studies-on-two-species-of-domestic-birds-Galliformes-Aves-II-Meiotic-behavior.pdf
https://www.researchgate.net/profile/Abdeltawab_Ata/publication/228521152_Cytogenetic_studies_on_two_species_of_domestic_birds_Galliformes_Aves_II-Meiotic_behavior/links/58892660458515701200f31b/Cytogenetic-studies-on-two-species-of-domestic-birds-Galliformes-Aves-II-Meiotic-behavior.pdf

GENETIC DIVERSITY OF TWO PHENOTYPES OF EGYPTIAN DOMESTIC GEESE 19

Ata, A. M., H. Z. Allam, A. E. Abousalha

and W. M. Fandy (2017).
Karyological studies on some
breeds of duck. Minia J. Agric.
Res. & Develop., 37: 61-81.

Basha, H. A, W. S. H. Abd EI-Naby and

H. S. Heikal (2016). Genetic
diversity and phylogenetic
relationship among three duck
breeds and geese using RAPD
markers. Adv. Anim. Vet. Sci., 4:
462-467.

Baublys, V., A. Paulauskas and A. Sruoga

(2006). Application of microsatel-
lite DNA primers for the analysis
of the genetic variability of Lithu-
anian  native goose  breeds.
Biologija N., 1: 14-17.

Carboneras, C. (1992). Family Anatidae

(Ducks, Geese and Swans), p: 536-
629. In: Del Hoyo, J., Elliott, A.,
Sargatal, J. (Eds.): In Handbook of
Birds of the World (Vol. 1: Ostrich
to Ducks). Lynx Edicions,
Barcelona.

Cathey, J. C., J. W. Bickham and J. C.

Patton (1998). Introgressive hy-
bridization and non-concordant
evolutionary history of maternal
and paternal lineages in North
American deer. Evolution, 52:
1224-1229.

Cramp, S. (1977). The birds of the

Western Palearctic. Oxford

University Press, Oxford.

Crawford, R. D. (1990). Origin and

Dice,

history of poultry species, p. 1-41.
In: Crawford, R. D. (Ed.): Poultry
Breeding and Genetics. Elsevier,
Amsterdam, Oxford, New York,
Tokyo.

L. R. (1945). Measures of the
amount of ecologic association be-
tween species. Ecology, 26: 297-
302.

Dudley, N. M., K. A. Orvis, J. E. Lebiecki

and J. M. Cortina (2006). A meta-
analytic investigation of conscien-
tiousness in the prediction of job
performance: Examining the inter-
correlations and the incremental
validity of narrow traits. Journal of
Applied Psychology, 91: 40-57.

EEAA (Egyptian Environmental Affairs

Agency) (1997). Birds known to
occur in Egypt. Publication of Na-
tional Biodiversity Unit, Cabinet
of Ministers, Department of Nature
Protection, Arab republic of Egypt.

Fandy, W. M (2017). Genetical and cyto-

logical studies on some duck
breeds in Egypt. PhD. Fac. of Ag-
riculture, Minia Univ.

Fields, R. L. and K. T. Scribner (1997).

Isolation and characterization of
novel waterfowl microsatellite lo-
Ci: Cross-species cso comparisons
and research applications. Mol.
Ecol., 6: 160-164.



20 ANWAAR S. M. ABU SHNAF AND GEHAN M. ANWAR

Fields, L., K. F. Reeve, D. Rosen, A.
Varelas, B. J. Adams, J. Belanich
and S. A. Hobbie (1997). Using
the simultaneous protocol to study
equivalence class formation: The
facilitating effects of nodal number
and size of previously established
equivalence classes. J. of the Ex-
perimental Analysis of Behavior,
67: 367-389.

GelAnalyzer, version three (2007). Gel
analyzer vrs.3 program software
for windows. www. Geocities
.com/ egygene.

Gravley, M. C.,, G. K. Sage, J. A
Schmutz and S. L. Talbat (2017).
Development of microsatellite loci
exhibiting reverse ascertainment
bias and a sexing marker for use in
Emperor Geese (Chen canagica).
Avian Biology Research, 10: 1-10.

Hammer, @, D. A. T. Harper and P. D.
Ryan (2009). PAST:
PAlaeontological Statistics, ver.
1.88. User’s manual.

Huang, Y., J. Tu, X. Cheng, B. Tang, X.
Hu, Z. Liu, J. Feng, Y. Lou, L.
Lin, K. Xu, Y. Zhao and N. Li
(2005). Characterization of 35
novel microsatellite DNA markers
from the duck (Ans platyrhynchos)
genome and cross-amplification in
the birds. Genet. Sel. Evol., 37:
455-475.

Hui-fang, L., S. Qing, Z. Jian and F. Wei
(2010). Evaluation of various in-
verse docking schemes in multiple
targets identification. Journal of
Molecular Graphics & Modeling,
29: 326-330.

Ismoyowati and D. Purwantini (2011).
Genetic variability of bali and
alabio ducks on the basis of pheno-
typic and microsatellites. Asian J.
Poult. Sci., 5: 107-115.

IUCN (International Union for Conserva-
tion of Nature) (2007). IUCN Red
List of Threatened Species. Hun-
tingdon Road, Cambridge System,
UK.

Johnsgard, P. A. (1961). The taxonomy of
the  Anatidae: a behavioral
analysis. Ibis, 103: 71-85.

Li, H. F., K. W. Chen, N. Yang and W. T.
Song (2007). Evaluation of genetic
diversity of Chinese native geese
revealed by microsatellite markers.
In World’s Poultry Science Jour-
nal, 63: 381-390.

Liu, W, Z. C. Hou, L. J. Qu, Y. H.
Huang, J. F. Yoa, N. Li and N.
Yang (2008). Population structure
and biodiversity of Chinase indig-
enous duck breeds revealed by 15
microsatellite  markers.  Asian
Australas. J. Anim. Sci., 21: 314-
319.



GENETIC DIVERSITY OF TWO PHENOTYPES OF EGYPTIAN DOMESTIC GEESE 21

Livezey, B. C. (1986). A phylogenetic

analysis of recent anseriform
genera  using  morphological
characters. Auk, 103: 737-754.

Maak, S., K. Neumann, G. Vonlengerken

and R. Gattermann (2000). First
seven microsatellites developed for
the Pekin duck (Anas
platyrhynchos). Anim. Genet., 31:
233.

Maak, S., K. Wimmers, S. Weigend and

K. Neumann (2003). Isolation and
characterization of 18 microsatel-
lites in the Peking duck (Anas
platyrhynchos) and their applica-
tion in other waterfowl species.
Mol. Ecol. Notes, 3: 224-227.

Madge, S. and H. Burn (1988). In

Wildfowl: An identification guide
to the ducks, geese and swans of
the world. Christopher Helm,
London.

Mindek, S., Silvia Mindekova, C. Hrnéar,

J. H. Weis and J. Gasparik.
(2014). Genetic diversity and
structure of Slovak domestic goose
breeds. In  Veterinarija ir
Zootechnika, 67: 81-87.

Noreikiene, K., A. G. F. Teacher, G.

Madsen and P. Gienapp (2012).
Isolation and characterization of 55
novel microsatellite markers for
the pink-footed goose (Anser
brachyrhynchus). In Conservation
Genetics Resources, 2: 423-428.

Salem, H. H., B. A. Ali, T. H. Huang and

D. N. Qin (2005). Use of randomly
amplified  polymorphic  DNA
(RAPD) markers in poultry re-
search. Int. J. Poult. Sci., 4: 804-
811.

Sambrook, J., E. F. Fritsch and T.

Maniatis (1989). Molecular clon-
ing: A Laboratory Manual Cold
Spring Harbor, New York: Cold
Spring Harbor Laboratory Press.

Sasazaki, S., K. Itoh, S. Arimitsu, T.

Imada, A. Takasuga, H. Nagaishi,
S. Takano, H. Mannen and S. Tsuji
(2004). Development of breed
identification  markers  derived
from AFLP in beef cattle. Meat
Sci., 67: 275-280.

Seo, D. W,, S. Hasina, N. R. Choi, Y. S.

Kim, S. Jin, K. N. Heo, S. D. Jin,
and J. H. Lee (2015). Investigation
of microsatellite markers for trace-
ability and individual discrimina-
tion of Korean native ducks. Kore-
an J. Poult. Sci., 42: 1-8.

Seo, D., K. M. Southard, J. W. Kim, H. J.

Lee, J. Farlow, J. U. Lee, D. B.
Litt, T. Haas, A. P. Alivisatos, J.
Cheon, et al. (2016). Cell 165,
S0092-8674 (16) 30490-1, in
press. Published online May, 12.

Shahin, A. A., A. T. Ata and S. A. Abu

Shnaf (2014). Karyotype and C-
banding pattern of the domestic
geese Anser anser populations


https://www.semanticscholar.org/author/Cyril-Hrn%C4%8D%C3%A1r/11497062
https://www.semanticscholar.org/author/Cyril-Hrn%C4%8D%C3%A1r/11497062
https://www.semanticscholar.org/author/Jozef-Ga%C5%A1par%C3%ADk/4800020
https://www.semanticscholar.org/author/Jozef-Ga%C5%A1par%C3%ADk/4800020

22 ANWAAR S. M. ABU SHNAF AND GEHAN M. ANWAR

(Aves: Anatidae) in Egypt. Folia
Biologica, 62: 49-58.

Sibley, C. G. (1960). The electrophoretic
patterns of avian egg white pro-
teins as taxonomic characters. Ibis,
102: 215- 284.

Sibley, C. G., K. W. Corbin and J. H.
Haavic (1969). The relationships
of the flamingos as indicated by
the  egg-white proteins and
hemoglobins. Condor, 71: 155-
179.

Sibley, C. G. (1970). A comparative study
of the egg-white proteins of pas-
serine birds. Peabody Museum of
Natural History Bulletin, 32: 1-
131.

Sibley, C. G. and J. E. Ahlquist (1972). A
comparative study of the egg-white
proteins of non-passerine birds.
Peabody Museum of Natural His-
tory Bulletin, 39: 1-276.

Simianer, H. (2006). In: Use of Molecular
Markers and Other Information for
Sampling Germplasm to Create an
Animal Gene Bank. RUANE, J.
and SONNINO, A. (eds.) The role
of biotechnology in exploring and
protecting agricultural genetic re-
sources. Rome: FAO, p. 81-96.

Sruoga, A., S. Bvapas, D. Butkauskas, A.
Paulauskas, E. Mozaliené and S.
Slavénaité (2005). Long-term ge-
netic investigations background for
research on wildfowl populations

in the changing environmental
conditions. Acta Zool. Lit.,, 15:
169-172.

Powell, W., G. C. Machray and J. Provan
(1996) Polymorphism revealed by
simple sequence repeats. Tren.
Plant Sci., 1: 215-222

Tu, T., Y. Chen and C. Hwang (2006).
Properties of HPC with recycled
aggregates. Cem. Concr. Res., 36:
943-950.

Vignal, A., D. Milan, M. San Cristobal
and A. Eggen (2002). A review on
SNP and other types of molecular
markers and their use in animal
genetics. Genetics Selection Evo-
lution, 34: 275-305.

Weimann, M., A. Vennemann, U. G. Sau-
er, K. Wiench, L. Ma-Hock and R.
Landsiedel (2016). An alveolar
macrophage assay for predicting
the short-term inhalation toxicity
of nanomaterials. J.
Nanobiotechnol., 14: 16.

Weil3, B. M., K. Poggemann, K. Olek, K.
Foerster and K. Hirschenhauser
(2008). Isolation and characteriza-
tion of microsatellite marker loci
in the Greylag goose (Anser
anser). Molecular Ecology Re-
sources, 8: 1411-1413.

Wodjcik, E. and E. Smalec (2007).
Description of the Anser anser
goose karyotype. Folia biologica
(Krakdw), 55: 35-40.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Poggemann%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21586061
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olek%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21586061
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirschenhauser%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21586061

GENETIC DIVERSITY OF TWO PHENOTYPES OF EGYPTIAN DOMESTIC GEESE 23

Yoon, J. H., S. J. Kang, C. H. Lee and T. lated from sea water of the Yellow
K. Oh (2005). Marinicola Sea, Korea. Int. J. Syst. Evol.
seohaensis gen. nov., sp. nov., iso- Microbiol., 55: 859-863.

Table (1): Colour and sex variation of the collecting samples of domestic geese
Anser anser populations.

Number of collected samples based on colour pattern
Whitish Whit Total number of
itish grey ne collected samples
Males Females Males Females
6 6 2 6 20

Table (2): Microsatellite SSR-primer names, sequences, melting and annealing temperatures
used for amplification in Anser anser geese populations.

No |Name Sequence (5'-3") Em ¢ng References
F: 5- CAC AAG GAA GCA TGA CCT CAG _ |58.3 Tu etal., 2006
AA-3
1 [SFIMU-L - p. s cTC ATG CCT CCT GTT AGT CATCT- 580 | °° [Baublysetal.,
3 2006
Tu et al., 2006
F: 5- CCC TGC TGG TAT ACC TGA-3' 515 *
2 |TTUCG-L 15, 5.GTG TCT ACA CAA CAG C-3' a1 | >® ?ggg lysetal.,
s |rTucea |F:5-GAGAGCGTTACTCAGCAAA-3 (536 | ;‘;uegla!s' 200
R: 5- TCA CTC TGA GCT GCT ACAACA-3  [57.1 vadhth
Tu et al., 2006

F: 5~ GGT GTA CTC TGC TGA GTG TC-3'  [54.0
4 |TTUCG4 |p S TTA GAA CTA GTG GAT CTC TC-3  |a11 | o° |Baublysetal,

2006
5 |APHIL 3 GCAGGCAGA GOA GOA AAT A ['S57 | 5 oy
6 |APHIT o CAT CCA TOACAG ACA GAAGAS” [0 | 80 |angs
T APHIS | GAATIC GGT GGT TOA TAC TOT 580 | 56 |3y
8 PR | AGAToCCoA MG TeTGTaCT P90 | 50 |angs
9 |cAUDOLY |13 CoN GAC TTT TAC TTA TG CTCa (51 | 58 laoos
10 |cAUDO24 F:5- TCG CAT TAAGCT CTG ATC T-3’ 555 55 Huang et al.,

R: 5'- ATC AAC AGA ATC CAA AAT ATG-3' 2005
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Table (3): Total number of unique bands and polymorphic bands obtained by using SSR
primers for studied geese populations.

. . Polymorphic bands |  Total .
Primers Monomorphic [ Unique - - number of Polymorphism
bands bands | Without | with (%)
Unique | Unique | bands

SFIMU-1 0 4 4 8 8 100.0
TTUCG-2 1 0 0 0 1 0.0
TTUCG-4 1 0 0 0 1 0.0
APH11 0 2 0 2 2 100.0
APH18 1 0 2 2 3 66.7
APH21 0 1 5 6 6 100.0
CAUDO019 1 2 0 2 3 66.7
CAUDO024 1 2 2 4 5 80.0
Mean + SE 0.63£0.18 |1.384+0.73|1.63+£0.46 | 3.0+£1.0|3.63£0.89 | 64.18+14.9

Table (4): A summary of monomorphic, polymorphic and unique bands molecular weight
(size) amplified by SSR microsatellite primers for the whitish grey and white
Greylag geese populations.

Molecular size
Primers ;
Monomorphic . :
bands Polymorphic bands Unique bands
TTUCG-4 0.096 (1) 0) 0)
CAUDO024 0.219 (1) 0.073,0.183 (2) 0.131,0.108 (2)
0.070, 0.050, 0.117,
APH21 (0) 0.094, 0.038 (5) 0.202 (1)
SEIMU-1 ) 0.201, 0.176, 0.076, 0.067 | 0.331, 0.454, 0.573, 0.743
(4) (4)
APH18 0.065 (1) 0.091, 0.218 (2) (0)
TTUCG-2 0.135 (1) (0) (0)
CAUDO019 0.108 (1) 0.293, 0.997 (2) 0)
APH11 (0) 0.091, 0.218 (2) (0)
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Table (5): Dice’s similarity coefficient matrix within the whitish grey and white greylag geese populations examined based on bands polymorphism
of SSR primers.

Population Population

(sample’s
no. OT)the Wgd1|Wgd2|Wed3|WgQ4|WgQ5|WegQ6|Wgd7Wed8 [Wed9|WgQ10{WgQ11[WgQ12|Wd13 | W14 [WQ15|W16|WQR17|WQ18|W219
ge

Wg 42 0.516| -

Wg d3 0.645|0.714 | -

Wg 94 0.741|0.684 | 0.737 | -

Wg 95 0.737 | 0.467 | 0.600 | 0.615 | -

Wg 26 0.769 | 0.757 | 0.703 | 0.848 | 0.640 | -

Wg 37 0.600 | 0.581|0.581 | 0.667 | 0.737 | 0.615 | -

Wg 8 0.696 | 0.588 | 0.706 | 0.800 | 0.818 | 0.759 | 0.87 -

Wg d9 0.714 | 0.769 | 0.769 | 0.857 | 0.667 | 0.882 | 0.714 | 0.839 | -

Wg £10 0.696 | 0.529 | 0.647 | 0.733 | 0.727 | 0.621 | 0.783 | 0.846 | 0.710 -

Wg @11 0.762 | 0.688 | 0.562 | 0.643 | 0.500 | 0.815 | 0.571 | 0.583 | 0.759 | 0.500 -

Wg @12 0.833 | 0.686 | 0.800 | 0.839 | 0.783 | 0.867 | 0.750 | 0.889 | 0.875 | 0.741 | 0.720 -

Wd13 0.800 | 0.516 | 0.645 | 0.741 | 0.842 | 0.769 | 0.600 | 0.783 | 0.714 | 0.609 | 0.667 | 0.833 -

wd14 0.762 | 0.562 | 0.688 | 0.643 | 0.900 | 0.667 | 0.762 | 0.833 | 0.690 | 0.833 | 0.545 | 0.800 | 0.762 -

We1s 0.706 | 0.429 | 0.429 | 0.583 | 0.625 | 0.522 | 0.824 | 0.700 | 0.560 | 0.700 | 0.667 | 0.571 | 0.588 | 0.667 -

W& 16 0.700 | 0.581 | 0.581 | 0.741 | 0.526 | 0.692 | 0.700 | 0.696 | 0.714 | 0.609 | 0.762 | 0.750 | 0.700 | 0.476 | 0.706 | -

W& 17 0.778 1 0.414 | 0.552 | 0.64 | 0.824 | 0.667 | 0.556 | 0.762 | 0.615 | 0.667 | 0.632 | 0.727 | 0.889 | 0.737 | 0.667 | 0.667 -

W& 18 0.870 | 0.647 | 0.647 | 0.733 | 0.636 | 0.897 | 0.522 | 0.692 | 0.839 | 0.615 | 0.917 | 0.815 | 0.783 | 0.667 | 0.600 | 0.696 | 0.762 -

W& 19 0.833 | 0.686 | 0.686 | 0.774 | 0.696 | 0.933 | 0.583 | 0.741 | 0.875| 0.593 | 0.880 | 0.857 | 0.833 | 0.720 | 0.571 | 0.667 | 0.727 | 0.963 | -

W20 0.750 | 0.444 | 0.444 | 0.522 | 0.667 | 0.545 | 0.750 | 0.632 | 0.500 | 0.632 | 0.706 | 0.600 | 0.625 | 0.706 | 0.923 | 0.625 | 0.714 | 0.632 | 0.600

W(g = whitish grey and W= white
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Fig. (1): The localities from which samples were collected in El Minia province (Upper
Egypt).
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Fig. (2): Electrophoretic gel patterns of SSR DNA products of SFIMU-1, APH18, APH11,
APH21, CAUDO024 and CAUDO019 primers. Lanes (1-3) whitish grey males, lanes
(4-6) whitish grey females, lanes (7-9) whitish grey males, lanes (10-12) whitish
grey females, Lanes (13-14) white males and lanes (15-20) white females.
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Fig. (3): Dendrogram constructed from the matrix of Dice's (1945)
similarity coefficient values (S) between all pair-wise indi-
vidual comparisons within populations using hierarchical
cluster analysis method with the average linkage between
groups. Numbers refer to individuals in gel as in Fig. (2).



