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ABSTRACT
Avticle information This study combines three of the most common bird species in
Article history: both Iraq and the rest of the globe. This type of study demonstrates
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the degree of genetic convergence between these species. Blood
samples from chicken, Guinea fowl, and quail were used in this
study. The Four hundred and fifty birds are divided into 150 birds
per species. Blood from a bird was sampled. The DNA samples'

gier{iv:,og:g.od, Primer, Similarity, purities varied from 1.8 to 1.9. the (22) Gen Script USA primers
Species. are used. Overall, all of the primers produced (340) bands, 95 of

which were polymorphic, with the maximum number of bands
DOl: belonging to the OPA-20 and the lowest number of bands to the

http://10.33899/mja.2023.142638.1265 OPA-13. OPA-12 had the highest percentage (50.0), though.
Primer OPA-20 has the widest molecular weight range (100- 1500
bp). Guinea fowl have a greatest number of bands overall (131),
while quail reported the highest polymorphic bands overall (12)

Correspondence Email: and polymorphism percentage (11.8). The maximum genetic

Hurea.Abdulrazaq@su.edu.krd similarity is found between chicken and quail (0.608), it is obvious
that the genetic differences between the three groups are greatest
between the Guinea fowl, quail and smallest between the quail and
the chicken.

College of Agriculture and Forestry, University of Mosul.
This is an open access article under the CC BY 4.0 license (https://magrj.mosuljournals.com/ ).

INTRODUCTION

Domestic poultry is the most significant breed of poultry in Irag. The process
of domesticating poultry was initially begun by gathering eggs from wild species to
hatch and raise young birds, but later kept the birds permanently in captivity. All
domesticated bird species that generate products with a monetary value, such as meat,
eggs, and excrement, in captivity are collectively referred to as poultry. The term
"poultry"” is used to describe a variety of bird species, including chicken, guinea,
quail. Birds, together with eggs, are the second most popular meat source consumed
worldwide because they contain high-quality protein and little fat, providing food that
is nourishing (Fadhil et al., 2016). In various nations, guinea bird species have
undergone genetic enhancement to increase the productivity of their meat output.
Guinea fowl are an important but underappreciated species of poultry due to their
high nutritional value and delicious flavour. There are currently no structured
breeding programs or reproduction controllers for guinea birds, which are often kept
in backyard systems in Irag. Gaining a greater understanding of guinea bird lines
could boost their appeal. Quail farming has recently gained popularity for the
production of both meat and eggs. Quail eggs are the ideal source of wholesome, A
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delicious food for human nutrition because it provides us with a large amount of high-
quality nutrients, and it is also a great source of antioxidants, minerals, and vitamins
and Quail are used in various studies for their ease of handling (Tunsaringkarn et al.,
2013; Abdul-Majeed, and Al-Krad, 2023; Ameen et al., 2023).

The genetic variation in various avian species has been studied globally to
determine the degree of relatedness or to pinpoint the genes in charge of intriguing
features. The specific variations in the nucleotide sequences within genes are
molecular in nature. Checking links between species and breeds is connected to
genetic identity. The molecular advancement has opened up new opportunities due to
the genetic enhancement of poultry. With the use of DNA markers (RAPD, RFLP,
VNTR, CRI, SSR-PCR), entire genomes or polymorphic DNA segments can be
analyzed. RAPD (Randomly Amplified Polymorphic DNA) is a quick and easy
method for detecting relatedness and locating the genes responsible for an avian
advantage characteristic. In the study of similarity or variation the RAPD - PCR has
been used repeatedly in chickens populations (Abdulrazag, et al., 2023,
Dehghanzadeh, et, al., 2009, Smith, et, al., 1996, Sharma, et, al.,2001, Ali, et, al.,
2003, Sharma and Singh, 2002, Semenova, et al., 2002), ducks (Dolmatova, et al.,
20004, b), turkey (Smith, et, al., 1996), animal (Abdulrazagq, et, al., 2019).guinea birds
(Daham and Sharma, 2007; Nahashon et al., 2010; Sharma et al., 1998) Qualil
(Abdulrazaq, et, al., 2020) Phytoplasmas were detected by PCR and Nested-PCR
(Alsawaf and Ali, 2022). The study is to know the genetic comparison of three widely
distributed bird species and to knowing genetic affinity between them depends on the
DNA.

MATERIALS AND METHODS
Ethics approval
The present study was approved by the Animal Research Ethics Committee
(AREC) of College of Science (No. 4625 on 2023). In accordance with the ethical
procedures and protocols of the College of Science, Salahuddin University - Erbil,
Iraq.

Experimental procedure

Quiail, chicken, and Guinea fowl blood samples were used in this study. 150
birds per species make up the 450 birds in total. A sample of 3 ml of bird blood was
collected from the wing just above the elbow joint and put in tubes containing an
Ethylenediaminetetraacetic acid, (EDTA) solution. The technique outlined in
(Sharma et al., 2016) then used to extract DNA. The DNA content and relative purity
were measured using the Nano Drop® spectrometer; the purity of the DNA samples
ranged from 1.8 to 1.9 (ug/ml). For RAPD-PCR use, the samples were diluted to 30
ng/pl. Using 22 primers from Gen Script USA for the RAPD produced results for the
identification of genomic DNA complementary sequences Table (1). A thermal
cycler with a T gradient was used to amplify the DNA analysis. Double-stranded
DNA underwent first denaturation at 95 °C for five minutes. The next 40 cycles
involved holding the temperature at 95°C for 1 minute, 42°C for 1 minute, and 72°C
for 2 minutes. Five minutes at 75°C were used to form the complimentary strands.
The PCR reaction includes the following elements: Each: (dATP, dCTP, dGTP, and
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dTTP) (400 M), DNA (30 ng), primer (10 M), 1x GoTaq® Green Master Mix PCR
buffer, and 1x, MgCI2 (3 mM). The total volume of the reaction was 25 pl. The Gene
Ruler TM (100-1500 bp) DNA ladder marker at 100 bp. Each sample had 2 ul of
Blue / Orange loading day mixed with 10 pl of the product. The functioning of the
100V power supply was finished. It took about 90 minutes to complete the
electrophoresis. The PCR results were examined by electrophoresis on 2% agarose
gel in 1X TBE buffer with ethidium bromide staining (Promega, USA). After the
design had been enlarged by UV light, it was photographed. The enhanced pattern
was seen and captured on a UV transluminator. The statistical analysis of Data
recording RAPD patterns was recorded (0) due to (1) or absence. The polymorphism
of each primer was determined using the formula polymorphism = (Np / Nt) 100,
where NP = # polymorphic forms of random primer. The total number of sample
primer domains is referred to as Nt (Bowditch, et al., 1993). The numerical data were
analyzed with statistics. The method of (Nei and Li.,1979) was used to determine
similarity values in all available pair-wise comparisons of individuals between
groups. The similarity matrix was submitted to cluster analysis using the unweighted
pair group for arithmetic mean (UPGMA\) cluster analysis technique, which resulted
in the dendrogram. A dendrogram of genetic distance was produced using PAST
version 1.34. (Rother, et al., 2021) The closest neighbor technique was used in its
creation.

RESULTS AND DISCUSSION

The current study evaluated the genetic relatedness of quail, chicken, and
Guinea fowl using the RAPD-PCR method. 22 randomly selected genotypes from the
samples were examined. The PCR reaction using the 12 chosen primers had an impact
on all three species Table (1). The electrophoresis-acquired bands were used to
calculate the number of bands shared by species birds groupings Figure (1). This
study is that it combines three species of birds that are most widespread in Iraq and
the world, which are used as an important food source for humans. In addition to
using it as rich sources of oils used as a treatment or to increase the percentage of
immunity in the body after eating a rich meal, for example, Omega 3-6-9. Where this
type of studies shows the extent of the genetic convergence between these species,
because it is a local species and studying it is considered an authentic work. Under
the same reaction conditions, RAPD profiles using a set of 12 primers Table (1)
showed consistent, strong, and well-defined bands. For various primers, the degree
of polymorphism produced from the target genome in terms of polymorphic band
pattern varied Figure (1). A successful use of molecular DNA markers for the
discriminating of genetic resources that are economically significant, such as poultry
and other farm animals, requires an investigation of genetic variation and relatedness
across or within species, populations, and individuals. The RAPD PCR is used in the
Deef et al. (2022) study to examine if the Egyptian Hoopoe, known as Upupa epops
major, is a separate species from the European Hoopoe, known as Upupa epops
epops, and to discover the relationships among them. In this study, we compared the
use of RAPD-PCR genetic markers to PCR in order to ascertain the genetic
relationship between species and the genetic similarity of chicken, quail, and guinea
fowl.
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OPA-03 OPA-12 OPA-20 OPA-13

0PQ-01 OPA-04

OPQ-10 OPQ-12 OPQ-15 OPA-06 OPA-14 OPA-19

Figure (1): The electrophoretic pattern of genomic DNA amplification in (G) Guinea
fowl, (Q) Quail and (CH) Chicken using OPA-03, OPA-12, OPA-20, OPA-13, OPQ-
01, OPA-04, OPQ-10, OPQ-12, OPQ-15, OPA-06, OPA-14, OPA-19 primers

Table (1): The sequence of the primers and their % of GC content

Primer name Sequence 5’ to 3 % GC content
OPA-03 AGTCAGCCAC 60%
OPA-12 TCGGCGATAG 60%
OPA-20 GTTGCGATCC 60%
OPA-13 CAGCACCCAC 70%
OPQ-01 GGGACGATGG 70%
OPA-04 AATCGGGCTG 60%
OPQ-10 GGCTAACCGA 60%
OPQ-12 TCTCCGCAAC 60%
OPQ-15 GGACGCTTCA 60%
OPA-06 GGTCCCTGAC 70%
OPA-14 TCTGTGCTGG 60%
OPA-19 CAAACGTCGG 60%

According to the findings in Table (2), the OPA-20 Primer produced the most
bands (42 bands) out of all the species utilized, while the OPA-04 Primer produced
the fewest bands (14 bands). Together, all of the Primers produced (340) bands in all,
95 of which were polymorphic, with the highest 13 and lowest 2 bands belonging to
the OPA-20 and OPA-13, respectively. The primer OPA-13 showed the largest mono
and monomorphic band when compared to the other primers utilized in this
investigation. The primer OPA-13 had the lowest percentage of polymorphisms
(4.88), while OPA-12 had the highest percentage (50.0). The molecular weight range
of Primer OPA-20 is the greatest (100- 1500 bp), whereas the range of Primer OPA-
04 is the shortest (400- 1500 bp).
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Table (2): The name of primers (P N), Total number of band (T N B), Polymorphic
band (P B), Mono band (M B), Monomorphic band (Mm B), % of polymorphism (%
P) and size (bp)

PN TNB|[PB [MB| MmB | %P Size (bp)
OPA-03 27 | 5 | 7 22 | 1852 | 200 - 1500
OPA-12 22 | 11 | 2 11 | 50.00 | 300 - 1500
OPA20 | 42 | 13 | 7 29 | 30.95 | 100 -1500
OPA-13 41 | 2 | 13 39 4.88 | 200-1500
OPQ-01 34 | 6 | 9 28 | 17.65 | 200 -1500
OPA-04 14 | 6 | 2 8 42.86 | 400 - 1500
OPQ-10 30 | 10 | 5 20 | 3333 | 200 - 1500
OPQ-12 20 | 9 | 2 11 | 4500 | 200 - 1500
OPQ-15 29 | 6 | 6 23 | 20.69 | 200 - 1500
OPA-06 21 | 8 | 3 13 | 38.10 | 150- 1500
OPA-14 29 | 8 | 7 21 | 2759 | 150 - 1500
OPA-19 31 | 11| 5 20 | 3548 | 150 - 1500

SUM 340 | 95 | 68 | 245 | 30.42 | 100-1500

For three local species, Guinea fowl, Quail, and chicken, there were no such
publications on genetic diversity using molecular markers. In all, 340 (TNP) bands
were produced, of which 95 were P B, 68 M B, and 245 Mm B. It exceeds because
(Abdulrazagq, et al., 2020) investigated a total of 80 unique fragments (bands), 29 of
which were polymorphic. The difference is bigger than if it were within the same
species because of the comparison between species. Each Primer has between 14 and
42 bands that were amplified. The highest number of polymorphic bands (13), as well
as the highest percentage of polymorphisms (50%), were found in each primer, which
Is more than what was indicated by Abdulrazaq (2022) referred to in order to evaluate
the genetic relationship between groups of chickens and comprehend the magnitude
of genetic differences between local chicken groups. The molecular weight ranges
from 100 to 1500 bp at its maximum. According to Fadhil et al. (2016), the stated
size disparity has a size range of 325 to 1325 bp.

In Table (3) displays the total number of bands, the percentage of
polymorphism, and three different genotypes of local species birds (guinea fowl,
quail, and chicken). Guinea fowl have the largest total number of bands (131), while
quail reported the highest total number of polymorphic bands (12) and percentage of
polymorphism (11.8). The genetic variability in a breeder flock of native fowl
chickens was assessed using the RAPD approach (Rahimi et al., 2005). In more
closely related strains, fewer polymorphisms may be visible with the RAPD
approach, but polymorphisms are likely to occur at moderate frequencies amongst
distantly related lines (Levin et al., 1994). Using RAPD markers, Guldehen (2002)
found an average of 9.2 polymorphic bands per primer between chicken meat and
layer pure lines. Five breeds of chicken chosen for early body weight and/or
egg production were examined for polymorphism using RAPD markers
(Sharma et al., 2001). About 25% of the 96 amplified fragments showed
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polymorphism. The presence of genetic variants, which are indicated by the
number of alleles at a locus and their frequency of distribution in a population,
is frequently the cause of polymorphism in a given population. According to
Gupta et al. (2008), heterozygosity refers to the likelihood that two alleles
chosen at random from a population may be differentiated using the relevant
marker. In terms of the Nei's genetic diversity, Shannon's information index,
coefficient of population differentiation, and total genotype diversity among
and within populations, a useful quantitative assessment of marker utility and
the polymorphism discovered may therefore be provided (Zhao et al., 2006).

Table (3): Detail of Total number of band (TNB), Polymorphic band (PB), and % of
polymorphism (%P) through three different local species birds genotypes: (Guinea
fowl, Quail and Chicken)

Local species TNB PB % P
Guinea fowl 131 10 7.6
Quail 102 12 11.8
chicken 107 11 10.3
sum 340 33 9.7

The genetic similarity between different species is shown in Table (4). The
maximum genetic similarity is found between chicken and quail (0.608), while the
lowest genetic similarity is found between quail and Guinea fowl (0.513). The
dendrogram in Figure (2) shows three groups of birds: Guinea fowl, quail, and
chicken. It is obvious that the genetic difference between the three groups is greatest
between the Guinea fowl and quail and smallest between the quail and the chicken.

The level of polymorphism between three species with diverse phenotypes
was found in the current investigation. In comparison to the Guinea fowl phenotype,
the polymorphic bands in the Quail were more frequent and had a higher percentage
of polymorphism (%11.8). The genotype with the highest genetic similarity across
three different local species of birds is 0.608 in the present stude. The findings of
Mollah et al. (2009), who indicated increased genetic similarity (82.45 to 90.03%) at
genome level in indigenous chicken populations of Bangladesh, were supported by
the genetic similarity index data. In the current study, the total loci acquired with the
(12) RAPD markers were compared using the UPGMA method, and the dendrogram
based on similarity coefficients was built as a result. The three species formed a single
large group. The major group's quail and chicken species, which were initially
grouped together and then with guinea fowl, had the closest genetic distance to one
another.

Table (4): Genetic Similarity estimated among three different local species birds
genotypes: (Guinea fowl, Quail and Chicken)

Local species gu?ea Quail | Chicken
Guinea fowl 1 0.513 | 0.556
Quail 0.513 1 0.608
Chicken 0.556 0.608 |1
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Quail 2

= chicken ]

Guinea fowl 1

Figure (2): Dendrogram of genetic distance based on RAPD data of three different
local species birds genotypes: (Guinea fowl, Quail and Chicken).

CONCLUSIONS

The results were showed, the use of RAPD-PCR to identify the genetic
connections between species and the genetic similarity of chicken, quail, and guinea
fowl to identify the genetic similarity. Based on the findings of this study, we can
draw the conclusion that molecular RAPD markers are a helpful and effective tool
for detecting polymorphism and have shown to be highly effective in differentiating
between species. What's more, the study of the bands reveals several species-specific
bands. Therefore, distinct bands could be cloned and sequenced in order to develop
novel diagnostic primers more successful in genetic discriminating among examined
species. The development of species-specific markers may also be required to look
for quantitative trait loci within bird species that differ in their capacities for
production. Therefore, additional research is needed to provide more information
about the population structures.

ACKNOWLEDGMENT
Praise be to God for the completion of this original scientific research.

CONFLICT OF INTEREST
The authors state that there are no conflicts of interest with the publication of
this work.

QL) samia (g g3 Ganall A alaiuly laal) glady Slaw (Ll zlad ¢ Ayl ABlal
ool 5 el Jo S — 3 gidal) adiiadll
2 onal e i £ b 31 llae Sl dy )

Pl [ JuJl [ cdl 70l dadlas [ dge) 30 duig)) asle A0S [ 4 gl 55 i) sl
2 3 [ Aledd) [ lalud) Aeals [ dael 530 Autigh psle RIS [ A gall 55 ) and

45



Mesopotamia Journal of Agriculture, Vol. 51, No. 4, 2023 (39-49)

AaMAl)

435S Bl Lallell By Ghall e US 8 Lesad psalall plesl ST e 3D Audyall 238 pans
Oe g lie aladial @ gl el c Gl Ul dags Auball e gail 138 g LGl B
o e 30 5 psy USI e 150 Y 450 Lo Al jedall Crend . leadly Lig jgadag = Lol
Gen Ll ggydes Ol alasiul 5 .1.9 ) 1.8 (e asill Laeall ilue ol Canglyi o jgaball (1
bl ae (JICEY) Basia i€ lgia 95 ¢l (340) Cliold) aues cail cale < .Script USA
Sl OPA-12 ¢l .OPA-13 1 cililaill ;e 23e Jily OPA-20 ) i il il (g sae
~100) Sl sl GUas aasl e Primer OPA-20 (ssiay -(50.0) JIKEY) saseial disie dansi
Oe 2 el Glacdl Jaws Wi ((131) ale J<a cilblasll (e 200 ST Lie # s el . (bp 1500
il e gl L (11.8) JIKaY) aaedl Aigiall daailly (12) ale J<a JIKEY) 5aaeie clilianll
ST ) Gle gand) c snl) CDEAY) o maalsll e ¢(0.608) Gladls zlaall G Sy i
Lzl plesd) Gm sraly Glawdly L zlas o
Bl bl bl caall ¢ pgalall tdaliaall cHLISI)

REFERENCES

Abdul-Majeed, A. F., & Al-Krad, H. A. (2023). Influence of ginger as an antioxidant
on the physiological performance of male quail stressed by hydrogen
peroxide. Mesopotamia Journal of Agriculture, 51(1).
https://doi.org/10.33899/MAGRJ.2023.139269.1224

Abdulrazaq, H. S. (2022). RAPD marker to screening genetic diversity of local
chicken. Mesopotamia  Journal of  Agriculture, 50(4), 45-53.
https://doi.org/10.33899/magrj.2022.135086.1190

Abdulrazaq, H. S. (2023). Genetic relationship between generations of chickens using
RAPD-PCR. Zanco Journal of Pure and Applied Sciences, 35(1), 103-108.
https://www.iasj.net/iasj/download/0f5c35ee76029d4d

Abdulrazag, H. S., & Suliaman, N. M. A. (2016). Genetic relationship and similarity
of some chicken strains. Zanco Journal of Pure and Applied Sciences, 28(5),
78-83.
https://www.researchgate.net/publication/312233901 Genetic_Relationship
and_Similarity of Some_Chicken_Strains

Abdulrazaq, H. S., Mahmud, S. D., Abdulrahman, J. N., & Sardare, S. Y. (2020).
Productive performance, some hematological traits and genetic relationship
in different local quail affected by dieting the rapeseed (canola) seeds
powder. Mesopotamia Journal of Agriculture, 48(2), 33-49.
https://magrj.mosuljournals.com/article 164629.htmi

Abdulrazag, H. S., Saeed, C. H., & Qader, N. H. (2019). Genetic diversity
among horse Lines in Erbil Region using RAPD markers. ZANCO
Journal of Pure and Applied Sciences, 31(3), 39-44.
https://www.iasj.net/iasj/download/0fdfOccb00e31a02

46


https://doi.org/10.33899/MAGRJ.2023.139269.1224
https://doi.org/10.33899/magrj.2022.135086.1190
https://www.researchgate.net/publication/312233901_Genetic_Relationship_and_Similarity_of_Some_Chicken_Strains
https://www.researchgate.net/publication/312233901_Genetic_Relationship_and_Similarity_of_Some_Chicken_Strains
https://magrj.mosuljournals.com/article_164629.html
https://www.iasj.net/iasj/download/0fdf0ccb00e31a02

Mesopotamia Journal of Agriculture, Vol. 51, No. 4, 2023 (39-49)

Ali, B. A., Ahmed, M. M. M., & Aly, O. M. (2003). Relationship between genetic
similarity and some productive traits in local chicken strains. African Journal
of Biotechnology, 2(2), 46-47. https://doi.org/10.5897/AJB2003.000-1008.

Ali, B. A, Huang, T. H, Qin, D. N., & Xie, Q. D. (2005). The use of
random amplified polymorphic DNA (RAPD) technology in poultry
and hares research. Genetic Resources and Biotechnology, 1, 98.
https://scialert.net/abstract/?doi=ijps.2005.804.811

Alsawaf, L. K., & Ali, H. H. (2022). Used Nasted-PCR Detection Of Phytoplasma
Causing Big Bud Disease On Tomato In Irag. Mesopotamia Journal of
Agriculture, 50(4), 10-18.
https://doi.org/10.33899/MAGRJ.2022.134252.1179

Ameen, M. H., Wahhab, M. A., Muhammad, S. S., & Salih, S. A. (2023). Impact of
mixed dietary vitamin e-selenium powder on reproductive
hormones'concentration of males and females in japanese quail bird (coturnix
coturnix  japonica). Mesopotamia  Journal  of  Agriculture, 51(3).
https://doi.org/10.0.132.107/magrj.2023.139953.1233

Bowditch, B. M., Albright, D. G., Williams, J. G., & Braun, M. J. (1993). [21] Use
of randomly amplified polymorphic DNA markers in comparative genome
studies. In Methods in enzymology, 224, 294-309. Academic Press.
https://doi.org/10.1016/0076-6879(93)24022-M

Deef, L. E. M., EI-Nabi, S. E. H., & Bayomi, A. |. (2022). First genetically
differentiation between upupa epops major and upupa epops epops (family:
upupidae). Brazilian  Archives of Biology and Technology, 64.
https://doi.org/10.1590/1678-4324-2021210298

Dehghanzadeh, H., Mirhoseini, S. Z., Romanov, M. N., & Ghorbani, A. (2009).
Evaluation of genetic variability and distances among five Iranian native
chicken populations using RAPD markers. Pakistan Journal of Biological
Sciences: Pakistan Journal of Biological Sciences, 12(11), 866-871.
https://doi.org/10.3923/pjbs.2009.866.871

Fadhil, A. B., Aziz, A. M., & Al-Tamer, M. H. (2016). Biodiesel production from
Silybum marianum L. seed oil with high FFA content using sulfonated
carbon  catalyst for  esterification and base catalyst for
transesterification. Energy Conversion and Management, 108, 255-265.
http://dx.doi.org/10.1016/j.enconman.2015.11.013

Gupta, S., Srivastava, M., Mishra, G. P., Naik, P. K., Chauhan, R. S., Tiwari, S. K.,
... & Singh, R. (2008). Analogy of ISSR and RAPD markers for comparative
analysis of genetic diversity among different Jatropha curcas
genotypes. African journal of biotechnology, 7(23).
https://www.ajol.info/index.php/ajb/article/view/59558

IVGIN, R., & Bilgen, G. (2002). Estimation of genetic distance in meat and layer
pure lines using randomly amplified polymorphic DNA. Turkish Journal of

Veterinary & Animal Sciences, 26(5), 1117-1120.
https://journals.tubitak.gov.tr/veterinary/vol26/iss5/21
Levin, 1., Crittenden, L. B., & Dodgson, J. B. (1994). Mapping dna

polymorphisms using-pcr primes derived from the sequence of an

47


https://doi.org/10.5897/AJB2003.000-1008
https://scialert.net/abstract/?doi=ijps.2005.804.811
https://doi.org/10.33899/MAGRJ.2022.134252.1179
http://10.0.132.107/magrj.2023.139953.1233
http://10.0.132.107/magrj.2023.139953.1233
https://doi.org/10.1016/0076-6879(93)24022-M
https://doi.org/10.1590/1678-4324-2021210298
https://doi.org/10.3923/pjbs.2009.866.871
http://dx.doi.org/10.1016/j.enconman.2015.11.013
https://www.ajol.info/index.php/ajb/article/view/59558
https://journals.tubitak.gov.tr/veterinary/vol26/iss5/21?utm_source=journals.tubitak.gov.tr%2Fveterinary%2Fvol26%2Fiss5%2F21&utm_medium=PDF&utm_campaign=PDFCoverPages

Mesopotamia Journal of Agriculture, Vol. 51, No. 4, 2023 (39-49)

avian crl element. Journal of Heredity, 85(2), 73-78.
https://doi.org/10.1093/oxfordjournals.jhered.a111426

Mollah, M. B. R., Islam, F. B., Islam, M. S., Ali, M. A., & Alam, M. S. (2009).
Analysis of genetic diversity in Bangladeshi chicken using RAPD
markers. Biotechnology, 8(4), 462-467.
https://doi.org/10.3923/biotech.2009.462.467

Nei, M., & Li, W. H. (1979). Mathematical model for studying genetic variation in
terms of restriction endonucleases. Proceedings of the National Academy of
Sciences, 76(10), 5269-5273. https://doi.org/10.1073%2Fpnas.76.10.5269

Rahimi, G., Khan, A. A., Nejati, J. A, & Smailkhanian, S. (2005).
Evaluation of genetic variability in a breeder flock of native chicken
based on randomly amplified polymorphic DNA  markers.
https://www.ijbiotech.com/article_6940.html

Rother, D. C., Costa, P. P., Silva, T. D., Valdemarin, K. S., & Rodrigues, R. R. (2021).
How bamboo influences the seed bank and biotic and abiotic factors of a
Brazilian  tropical forest. Acta Botanica Brasilica, 35, 179-187.
https://doi.org/10.1590/0102-33062019abb0363.

Semenova, S. K., Moiseeva, I. G., Vasil'ev, V. A,, Filenko, A. L., Nikiforov, A. A,,
Sevast'ianova, A. A., & Ryskov, A. P. (2002). Genetic polymorphism of
Russian, European, and Asian chicken breeds as revealed with DNA and
protein markers. Genetika, 38(9), 1304-1308.
https://pubmed.ncbi.nlm.nih.gov/12391894/.

Sharma, A., Mehrotra, R., Li, J.,, & Jha, S. (2016). A programming tool for
nonparametric system prediction using Partial Informational Correlation and
Partial Weights. Environmental Modelling & Software, 83, 271-275.
https://doi.org/10.1016/j.envsoft.2016.05.021.

Sharma, D., & Dhama, K. (2007). Genetic polymorphism between guinea fowl lines
with high and low antibody response to sheep red blood cells using randomly
amplified polymorphic DNA (RAPD) markers. Indian Journal of
Comparative Microbiology, Immunology and Infectious
Diseases, 28(1and2),45-47.
https://www.researchgate.net/profile/Kuldeep-Dhama-
2/publication/230886192

Sharma, D., Appa Rao, K. B. C,, Singh, R. V., & Totey, S. M. (2001). Genetic
diversity among chicken breeds estimated through randomly amplified
polymorphic DNA. Animal Biotechnology, 12(2), 111-120.
https://doi.org/10.1081/abio-100108337.

Sharma, D., Rao, K. A., Singh, H. P., & Totey, S. M. (1998). Randomly amplified
polymorphic DNA (RAPD) for evaluating genetic relationships among
varieties of guinea fowl. Genetic analysis: biomolecular engineering, 14(4),
125-128. http://dx.doi.org/10.5513/JCEA01/13.4.1106.

Singh, R. V., & Sharma, D. (2002). Within-and between-strain genetic variability in
White Leghorn detected through RAPD markers. British Poultry
Science, 43(1), 33-37. https://doi.org/10.1080/00071660120109854.

Smiths, E. J., Jones, C. P., Bartlett, J., & Nestor, K. E. (1996). Use of randomly
amplified polymorphic DNA markers for the genetic analysis of relatedness

48


https://doi.org/10.1093/oxfordjournals.jhered.a111426
https://doi.org/10.3923/biotech.2009.462.467
https://doi.org/10.1073%2Fpnas.76.10.5269
https://www.ijbiotech.com/article_6940.html
https://doi.org/10.1590/0102-33062019abb0363
https://pubmed.ncbi.nlm.nih.gov/12391894/
https://doi.org/10.1016/j.envsoft.2016.05.021
https://www.researchgate.net/profile/Kuldeep-Dhama-2/publication/230886192
https://www.researchgate.net/profile/Kuldeep-Dhama-2/publication/230886192
https://doi.org/10.1081/abio-100108337
http://dx.doi.org/10.5513/JCEA01/13.4.1106
https://doi.org/10.1080/00071660120109854

Mesopotamia Journal of Agriculture, Vol. 51, No. 4, 2023 (39-49)

and diversity in chickens and turkeys. Poultry Science, 75(5), 579-584.
https://doi.org/10.3382/ps.0750579.

Tunsaringkarn, T., Tungjaroenchai, W., & Siriwong, W. (2013). Nutrient benefits of
quail (Coturnix coturnix japonica) eggs. International Journal of Scientific
and Research Publications, 3(5), 1-8. https://www.ijsrp.org/research-paper-
0513/ijsrp-p1729.pdf.

Zhao, W. G., Zhang, J. Q., Wang, Y. H., Chen, T. T., Yin, Y. L., Huang, Y.P., ... &
Yang, Y. H. (2006). Analysis of genetic diversity in wild populations of
mulberry from western part of Northeast China determined by ISSR
markers. Journal of Genetics and Molecular Biology, 17(4), 196-203.
https://doi.org/10.30047/JGMB.200612.0004

49


https://doi.org/10.3382/ps.0750579
https://www.ijsrp.org/research-paper-0513/ijsrp-p1729.pdf
https://www.ijsrp.org/research-paper-0513/ijsrp-p1729.pdf
https://doi.org/10.30047/JGMB.200612.0004

