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ARTICLE INFO ABSTRACT

The genotype frequencies of single nucleotide polymorphisms (SNPs) of the growth hormone1 (GH)
locus (rs:4193484), the Insulin-Like Growth Factor Gene (IGF1)(rs:109763947) and association
between genotypes and meat quality traits were studied in two subtypes of Baggara cattle (65 Nyalawi
and 65 Mesairi bulls) raised under dry land farming in Western Sudan. All Nyalawi and Mesairi bulls
were homozygous for the 2141C wildtype allele of GH1 gene. The heterozygote (CT) IGF1 genotype
(13% and 14%) and homozygote CC (86 and 85%) frequencies were almost similar in the two
genotypes. The mutant homozygotes (TT) existed only in the Mesairi subtype (2%). Difference
between Nyalawi and Mesairi subtypes in live weight (459.6 vs 446.1 kg), hot carcass (234.3 vs 208.5
kg) weight, dressing percentage (50.9 vs. 47.3%), meat quality traits, fat percentage, moisture, and ash
content were significant (P<0.05). No associations between IGF1 genotypes and weights and meat
quality traits were found. No differences between IGF1 genotypes in meat chemical composition
(P>0.05) except for fat content (P<0.05). Breed x IGF1 genotypes interactions were not significant
(P>0.05). Further research in other regions of the sequence of these genes and other candidate genes
affecting meat quality traits is called for in all subtypes of Sudanese Baggara cattle.

Copyright © 2021, Romaz et al. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

INTRODUCTION
Livestock, especially cattle, play a very important role in the
economic life of most of the population in Sudan and are mainly kept
under dryland pastoral and agropastoral production systems (R. T.
Wilson, 2018). Baggara cattle belongs to Northern Sudan zebu cattle
and represents about 33% of the national herd of the Sudan (H. H. H.
Bashir and I. E. M. Elzubier, 2013). Baggara cattle contributes more
than 67.2% of local meat consumption and considerable share to the
export trade of meat and livestock (R. T. Wilson, 2018). The
homeland of Baggara cattle is the savannah belt of Central Sudan
lying about latitudes 10°-16°N (I. M. Hashim and B. Fadlalla, 1989),
raised by agropastoral (transhumant) tribes in the plains of Sudan's
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Darfur and Kordofan states (H. H. H. Bashir and I. E. M. Elzubier,
2013). Cattle migrate seasonally on defined migration routes to
overcome limitations of grazing and water scarcity, and as such
subjected to shortage of feed in the dry season each year. This results
in delays of sexual development and maturity and lower growth rates
(A. A. Ayantunde et al, 2005) to reach a marketable slaughter weight.
Genetics accounts for 5-30% of the total phenotypic variance in beef
quality traits, depending on the trait (R. D. Warner et al,
2010).Tenderness is considered the most important meat quality trait;
however, other traits such as color, marbling, cut size, amount of
intramuscular and subcutaneous fat and palatability are also valued by
consumers (J. M. Malheiros et al, 2020).The effect of genetics on
meat tenderness is clearly observed when meat of Bos taurus is
compared with meat of Bos indicus, the latter type presents tougher
meat (M. C. Bressan et al, 2011).Insulin-like Growth Factor I (IGF1),
being moderately heritable, is known to play an important role in
various aspects of muscle growth and development (M. E. Davis and
R. C. M. Simmen, 2010).
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IGF1 effects on the hypertrophy of muscle cells might lead to
increased muscle fiber diameter and decrease tenderness (H. K.
Herring et al, 2009). This has led to the suggestion that IGF-I might
be used as an indirect selection criterion for improving carcass
characteristics of beef cattle (B. J. Wood et al, 2004) and for
predicting growth and meat quality traits in animal genetic
improvement schemes (M. B. B. Machado et al, 2003; P. C. Andrade
et al, 2008).The objectives of this study were to estimate the genotype
frequencies of single nucleotide polymorphisms (SNPs) of the growth
hormone1 (GH) locus, the Insulin-Like Growth Factor Gene (IGF1)
and to test the association between genotypes and meat quality traits
of two subtypes of Baggara cattle (Nyalawi and Mesairi).

MATERIALS AND METHODS

Ethics Approval: All experimental protocols used are approved by
the University of Khartoum and in accordance with the University of
Khartoum Laboratory Authority guidelines.The guidelines and
regulations set out by the Sudan Veterinary Council were strictly
followed during animal handling and sampling.

Experimental Animals: One hundred and thirty Baggara bulls of two
subtypes (Nyalawi and Mesairi) 4-5 years of age were used. The
animals were originally raised under dryland farming conditions in
western Sudan (Kordofan and Darfur regions), brought to Khartoum
and finished on a traditional feedlot for three months. Blood samples
were, then, collected from each bull, and slaughtered thereafter in a
commercial abattoir. Live weights (kg), hot carcass weights and
dressing percentages were determined. Under aseptic conditions and
within one-hour post-slaughtering, 130 meat samples were cut from
the Longissmus dorsi thoracis muscles and kept in an icebox and
transferred to a freezer (-20°C) in the meat laboratory, Department of
Meat Production, Faculty of Animal Production, University of
Khartoum pending meat quality determination.

Blood samples and Extraction of Genomic DNA: Blood samples for
DNA genotyping were collected from the jugular vein of each
Baggara bull in test tubes containing EDTA and stored in a
refrigerator (4°C) pending analysis. DNA was isolated using salting-
out method (S. A. Miller et al, 1988). The DNA concentration was
measured using Nano-Drop (ND) 1000 Spectrophotometer, (Nano-
Drop Technologies, Inc)

Genotypic characterization of GH1 gene and IGF1: Sections of the
growth hormone (GH1) and IGF1 loci were analysed covering the
sequence containing the missense mutation 2141C>G in exon 5 of
GH1 gene and the mutation C/T at position -472 in the 5-noncoding
region of the IGF1 gene relative to the start of transcription site. The
PCR-RFLP methods were carried out to detect the gene
polymorphisms according to the methods of J. Yao et al (1996) and
W. Ge et al. (2001) and were digested with Alue1 and SnaB1
restriction endonucleases, respectively.

Meat quality and chemical composition traits: Traits analyzed were
meat tenderness attributes which were cooking loss (P. B. Pathare and
A. P. Roskilly, 2016), water holding capacity (WHC) (J. M. Lorenzo
et al, 2015), Myofibril Fragmentation Index (MFI) (R. D. Culler et al,
1978) and the proximate chemical composition (protein, moisture, fat,
and ash) (AOAC, 2016).

Statistical analysis: Statistical analysis was carried out using least-
squares procedures (W. R. Harvey, 1977). Chi square (χ2) was used to
test for association between genotypes and levels of traits. The
expected genotype frequencies were calculated using the Hardy-
Weinberg law (O. Mayo, 2008).

RESULTS AND DISCUSSION

Genotypic Characterization: Genotyping the SNP 2141C>G
(Leu/Val substitution in exon 5) showed that all Nyalawi and Mesairi
bulls were homozygous for the 2141C allele (Leu variant).

Previously, M. A. Alsiddig et al. (2010) mentioned that the
genotyping results (using PCR-RFLP) for Nyalawi and Mesairi cattle
in exon 5 showed similarity between the subtypes although they were
phenotypically different. J. Jakaria and R. R. Noor (2011) also did not
find the mutation in position 2141 bp in Bali cattle. The results of
PCR-RFLP of the IGF1genotypes of Baggara cattle subtypes showed
the existence of the SNP C>T (Table 1). Genotype frequencies were
86% (CC) and 14% (CT) in Nyalawi subtype compared to 85%
(CC),13% (CT) and 2% (TT) in Mesairi. Using Chi-square (χ2) test,
both Nyalawi and Mesairi subtypes were found to be in Hardy-
Weinberg equilibrium (χ2 =0.407and 1.085, respectively) at this locus
(Table 1). However, the frequencies of the mutant homozygotes (TT)
were very low and existed only in the Mesairi subtype while the
heterozygote (CT) genotype existed in the two subtypes. The
presence of the C and T alleles in Nyalawi and Mesairi subtypes of
Baggara cattle were comparable with the results reported by W. Ge et
al. (2001) in Angus cattle, who showed that these two alleles are
present with allelic frequencies 0.36 and 0.64. Similarly, E.
Siadkowska et al (2006) found that C and T alleles are present in
Polish Holstein-Friesian cattle with frequencies of 0.52 and 0.48,
respectively. However, C allele frequencies were higher and T alleles
frequencies were very low in Baggara cattle strains (Table 1)
compared with frequencies reported for these two alleles in Angus
(W. Ge et al, 2001) and Polish Holstein-Friesian (E. Siadkowska et
al, 2006) cattle.

Phenotypic Characterization: Nyalawi and Mesairi subtypes
of Baggara cattle seemed to be different in most of the
phenotypic traits investigated, with Nyalawi subtype being
superior (Tables 2 and 3). Nyalawi subtype had higher
liveweight (P<0.05) and higher (P<0.01) hot carcass weight
and dressing percentage in comparison to Mesairi subtype
(Table 2). M. A. Alsiddig et al. (2010) found that the Nyalawi
subtype was heavier (P<0.01) and of larger frame size than the
Mesairi one. They stated that Baggara cattle have variable
size; it can reach large size and heavy weight that ranged
between 400 and 600 kg, with Nyalawi ecotype being heavier
and of large body conformation at all age growth stages
compared with other subtypes. They attributed these
differences to nutritional factors. However, differences in
weight traits among the three genotypes were not significant
(P>0.05), with CT genotype recording comparatively heavier
liveweights and higher hot carcass weight (Table 2). On the
contrary, M. Szewczuk et al (2013) observed that the CC
genotype was associated with higher ADG (+ 52 g; P ≤ 0.05)
in comparison with individuals with the TT genotype. Least-
squares means for Nyalawi and Mesairi subtypes of Baggara
cattle and their IGF1 genotypes meat quality traits (Table 3)
reflected breed differences. Meat from Nyalawi subtype was of
better-quality attributes in comparison with Mesairi subtype.
Nyalawi subtype meat had higher (P<0.01) MFI, lower
(P<0.01) WHC and lower (P<0.01) cooking losses compared
with Mesairi subtype. This indicated that meat from Nyalawi
subtype is more tender than that from Mesairi one. The lower
cooking loss of Nyalawi is a reflection of the lower and better
water holding capacity (H. A. Elbukhary et al, 2020). D. M.
Fergusson (2004) stated that the variation in beef tenderness
may be attributed to the genotype of the animal and carcass
composition. No differences (P>0.05) were found among the
three genotypes (Table 3), but bulls of CT genotype of both
subtypes had comparatively (P>0.05) higher live weight at
slaughter, hot carcass weight, fat percentage, WHC and
cooking loss compared to the homozygous CC and TT
genotypes. It worth mentioning that the genotype CC scored
slightly the highest mean MFI in Nyalawi, while in Mesairi
comparatively highest mean MFI was recorded by genotype
TT.
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Table 1. Genotypic and allelic frequencies, χ2 test values for IGF1 genotypes of Baggara cattle

Baggara subtype (N) Genotype N. GF Allele AF ꭓ2/HWE He

Nyalawi (65) CC 56 0.86 C 0.93 0.407ns 0.145
CT 9 0.14 T 0.07
TT --

Mesairi (65) CC 56 0.85 C 0.92 1.085ns 0.146
CT 7 0.13 T 0.08
TT 2 0.02

*GF: Genotype Frequency, AF: Allelic Frequency, χ2/HWE: Hardy-Weinberg equilibrium χ2 value, Hardy–Weinberg equilibrium (P>0.05),
He: Gene heterozygosity. ns = not significant (P>0.05)

Table 2. Least-squares means for Nyalawi and Mesairi subtypes of Baggara cattle and their IGF1 genotypes weights (kg), hot carcass
weight, dressing percentage, and Chi-Square test (χ2) for association between IGF1 genotypes and all traits

Factor N Liveweight (kg) Hot carcass weight (kg) Dressing %

Overall mean 130 452.9 221.4 49.1
Overall SE± 2.64 1.66 0.17
Breed:
Nyalawi 65 459.6 234.3 50.9
Mesairi 65 446.3 208.5 47.3
SE± 3.74* 2.35** 0.25**
Genotype:
CC 112 450.7 220.2 49.2
TT 2 425.0 196.0 46.0
CT 16 463.1 227.0 48.9
SE± 22.77ns 14.32ns 1.51ns
Breed x Genotype Interaction:
SE± 26.77ns 16.83ns 1.77ns
Association with IGF1
χ2 (df=2) 3.307ns 3.423ns 0.963ns

ns = not significant (P>0.05), * = significant (P<0.05), ** = highly significant (P<0.01)

Table 3. Least-squares means for Nyalawi and Mesairi subtypes of Baggara cattle, their IGF1 genotypes meat quality traits, and
Chi-Square test (χ2) for association between IGF1 genotypes and all traits

Factor N MFI (%) WHC (%) Cooking loss (%)

Overall mean 130 28.9 2.95 38.0
Overall SE± 0.34 0.05 0.30
Breed:
Nyalawi 65 31.4 2.6 36.5
Mesairi 65 26.5 3.3 39.6
SE± 0.47** 0.08** 0.38**
Genotype:
CC 112 28.8 2.9 38.0
TT 2 30.0 3.0 34.7
CT 16 29.4 2.9 34.4
SE± 2.90ns 0.47ns 2.32ns
Breed x Genotype Interaction:
SE± 3.41ns 0.55ns 2.72ns
Association with IGF1:
χ2 (df=2) 0.745ns 1.297ns 1.966ns

ns = not significant (P>0.05), * = significant (P<0.05), ** = highly significant (P<0.01)

Table 4. Least-squares means for Nyalawi and Mesairi subtypes of Baggara cattle and their IGF1 genotypes meat chemical
composition (%DM-basis)

Factor N Moisture (%) Protein (%) Fat % Ash (%)

Overall mean 130 74.1 20.5 1.8 1.0
Overall SE± 0.37 0.17 0.05 0.01
Breed:
Nyalawi 65 73.4 20.4 2.0 1.0
Mesairi 65 74.9 20.5 1.6 1.1
SE± 0.17* 0.35ns 0.09** 0.02*
Genotype:
CC 112 74.6 20.2 1.8 1.0
TT 2 75.0 20.0 2.0 1.0
CT 16 74.1 20.5 2.1 1.0
SE± 0.75ns 1.43ns 0.36ns 0.10ns
Breed x Genotype Interaction:
SE± 0.89ns 1.77ns 0.44ns 0.12ns

ns = not significant (P>0.05), * = significant (P<0.05), ** = highly significant (P<0.01)
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However, no subtype x genotype interaction (P>0.0%) was
detected on weight and meat quality parameters. No
statistically significant (P>0.05) association was found
between the IGF1/SnaBI polymorphisms and growth traits
(Table 2) or meat quality traits (Table 3). X. F. De la Rosa
Reyna et al (2010) studying Polymorphisms in IGF-1 gene and
its effect on growth traits in Mexican beef cattle found that the
SNP IGF1/SnaBI had shown inconsistencies in validation tests
to probe its association with growth traits. Nyalawi meat had
higher fat (P<0.01), lower (P<0.05) water and ash, and slightly
lower (P>0.05) protein contents compared to meat samples
from Mesairi subtype (Table 4). However, meat composition
found in this study (Table 4) were comparable to those
reported by H. A. Elbukhary et al (2020) when comparing
meat quality and palatability from Western Sudan Baggara
Heifers finished on different dietary energy levels. In contrast,
I. M. Sharaf Eldin et al. (2013) found that bull’s meat had
higher moisture and significantly higher protein and ash and
had significantly lower fat content compared with heifer’s
meat.

CONCLUSION

Different factors may affect the association of SNPs with
traits. The phenotypic data in our study showed that the
Baggara breed subtypes Nyalawi and Mesairi are different.
Although these sub-types are phenotypically different, the
genotypic characterization based on genes under study showed
high genetic similarity in SNP at position 2141C>G of the
GH1 gene and a significant difference between the two
subtypes in SNP C>T of the IGF1 gene. There were non-
significant (P>0.05) associations between genotypes and the
traits under study. The effect of the mutations in exon five of
GH1 and 5- flanking region of IGF1 should be investigated in
all subtypes of Sudanese Baggara cattle while also evaluating
their interactions with other functional SNPs. More effort in
this field is necessary to improve beef quality in Sudanese
cattle.

Authors’ Contributions

RMAO laboratory work, genotyping, data analysis and wrote
the draft manuscript. MAM molecular genetics analyses.
LMAM analyzed the data. IAN meat analysis. MT
coordination, data analysis and correction and review of the
draft manuscript. FME-L design of the study and reviewed the
final draft. YK design and review of the draft manuscript.
ADAB samples collection and laboratory work. KIZJ data
analysis, genotyping process, revising the manuscript. M-KAA
supervised, designed, corrected the draft manuscript. All
authors read and approved the final manuscript.

Acknowledgments

Research funds were provided by the University of Khartoum,
Sudan (2018-/2019 Research Budget). The technical support
of the Department of Genetics and Animal Breeding, Faculty
of Animal Production, University of Khartoum is also
acknowledged. Special thanks are extended to the staff of the
Centre of Excellence, Genetics and Molecular Biology
laboratory at the Department of Zoology, Faculty of Science
University of Khartoum, Sudan and we are also grateful to the
staff of the Animal Biotechnology Laboratory, Department of

Animal Production, University of Science and Technology,
Jordan

Competing Interests: The authors declare that they have no
competing interests.

REFERENCES

Ayantunde, A. A. S. Fernandez-Rivera, and G. McGrabb, G.
eds., 2005, Coping with feed scarcity in smallholder
livestock systems in developing countries. Animal Science
Group, Wageningen UR, Wageningen, The Netherlands,
University of Reading, UK, ETH Swiss Federal Institute of
Technology, Zurich, Switzerland and ILRI International
Livestock Research Institute, Nairobi, Kenya, 306 pp.

AOAC 2016. Official Methods of Analysis 20th edition.
Association of Official Analytical Chemists AOAC.
AOAC International Suite 300 2275 Research Blvd
Rockville, Maryland 20850–3250, USA.

Wood, B. J. J.A. Archer, and J. H. J. van der Werf, 2004,
Response to selection in beef cattle using IGF-1 as a
selection criterion for residual feed intake under different
Australian breeding objectives, Livestock Production
Science, Vol. 91, pp. 69-81.

Fergusson, D. M. 2004, Objective on-line assessment of
marbling: A brief review, Australian Journal of
Experimental Agriculture, Vol. 44, pp. 681-685.

Ge, E. M. E. Davis, H. C. Hines, K. M. Irvin,and R. C. M.
Simmen, 2001, Associations of a genetic marker with
blood serum insulin-like growth factor-1 concentration and
growth traits in Angus cattle, Journal of Animal Science,
Vol. 79, pp. 1757-1762.

Siadkowska, E. L. Zwierzchowski, J.Oprzadek, and N.
Strzalkowska, 2006, Effect ofpolymorphism in IGF-1 gene
on production traits in Polish Holstein-Friesian cattle.
Animal Science Papers and Reports, Vol. 24,No. 3, pp.
225-237

Elbukhary, H. A. I. M. Sharaf Eldin, S. A. Babiker, O.
A.Elkhidir, and A. O. Idris, 2020, Meat Quality and
Palatability from Western Sudan Baggara Heifers Finished
on Different Dietary Energy Levels. Agricultural and
Biological Sciences Journal, Vol. 6, No. 1, pp.16-21.

Herring, H. K. R. G. Cassens, G. G. Suess, V. G. Brungardt,
and E. J. Briskey, 2009, Tenderness and associated
characteristics of stretched and contracted bovine muscles,
Journal of Food Science, Vol. 32, pp. 317-323.

Bashir, H. H. H. and I. E. M. Elzubier, 2013, Socio-economic,
husbandry and constraints of Baggara cattle under
extensive and semi-extensive systems in South Kordofan
State, Sudan, World Veterinary Journal, Vol. 3, pp. 11-16.

Hashim, I. M. and B. Fadlalla, 1989, Observations on cattle
live weight changes and faecal indices in Sudan, Journal of
Range Management, Vol. 42, pp.163-5.

Sharaf Eldin, I. M.  S. A. Babiker, O. A. Elkhidir, H. A. A.
Elbukhary,2013, Characteristics of beef from intensively
fed western Baggara bulls and heifers: quality attributes
and chemical composition, Iraqi Journal of Veterinary
Sciences,Vol. 27, pp. 45–48.

Jakaria, J. and R. R. Noor, 2011, Analysis on AluI growth
hormone GH Alu-I gene in Bali cattle. Journal of
Indonesian Tropical Animal Agriculture, Vol. 36, pp. 78-
82.

11760 Romaz et al. Molecular genetics and phenotypic characterization of some beef quality traits in sudanese baggara cattle



Lorenzo, J. M. A.Cittadini, P. E.Munekata, andR. Domínguez,
2015, Physicochemical properties of foal meat as affected
by cooking methods, Meat Science, Vol.108, pp. 50–54.

Malheiros, J. M. C. E. Enriquez-Valenciab, J. A. d. V.Silvac,
R. A.Curic, H. N. de Oliveiraa, L. G. de Albuquerquea,
andL. A. L. Chardulo, 2020, Carcass and meat quality of
Nellore cattle Bos taurus indicus belonging to the breeding
programs, Livestock Science, Vol. 242, pp. 104277.

Yao, J. S. F. Aggrey, D. Zadworny, J. Flan Hayes, and U.
Kiihnlein, 1996, Sequence variations in the bovine growth
hormone gene characterized by single-strand conformation
polymorphism SSCP analysis and their association with
milk production traits in Holstein, Genetics, Vol. 144, pp.
1809-1816.

Alsiddig, M. A. S. A. Babiker, M. Y. Galal, and A. M.
Mohammed, 2010, Phenotypic characterization of Sudan
Zebu cattle Baggara Type, Research Journal of Animal and
Veterinary Science,Vol. 5, pp. 48-52.

Machado, M. B. B. M. M. Alencar, A. P. Pereira, and H. N.
Oliveira, 2003, QTL affecting body weight in a candidate
region of cattle chromosome 5. Journal of Genetics and
Molecular Biology, Vol. 26, pp. 259-265.

Bressan, M. C. E. C. Rodrigues, L. V.Rossato, F. M. Ramos,
and L. T. da Gama, 2011, Physicochemical properties of
meat from Bos taurus and Bos indicus. Revista Brasileira
de Zootecnia, Vol. 40, No. 6, pp. 1250-1259.

Davis, M. E. and R. C. M. Simmen, 2010, Estimates of
inbreeding depression for serum insulin-like growth factor
I concentrations, body weights, and body weight gains in
Angus beef cattle divergently selected for serum insulin-
like growth factor I concentration, Journal of Animal
Science, Vol. 88, pp. 552-561.

Szewczuk, M. M. Bajurna, S. Zych, and W. Kruszyński, 2013,
Association of insulin-like growth factor I gene
polymorphisms IGF1/TasI and IGF1/SnaBI with the
growth and subsequent milk yield of Polish Holstein-
Friesian heifers, Czech Journal of Animal Science, Vol.
58,No.9, pp. 404-411.

Mayo, O. 2008, A Century of Hardy-Weinberg Equilibrium,
Twin Research and Human Genetics, Vol. 11, No. 3, pp.
249-256.

Pathare, P. B. and A. P. Roskilly, 2016, Quality and Energy
Evaluation in Meat Cooking. Food Engineering Review,
Vol. 8, pp. 435-447

Andrade, P. C. D. A. Grossi, C. C. Paz, and M. M. Alencar,
2008, Association of an insulin-like growth factor 1 gene
microsatellite with phenotypic variation and estimated
breeding values of growth traits in Canchim cattle, Animal
Genetics, Vol. 39, pp. 480-485.

Culler, R. D. F. C. P. JR, G. C. Smith, and H. R. Cross, 1978.
Relationship of myofibril fragmentation index to certain
chemical, physical and sensory characteristics of bovine
longissimus muscle, Journal of Food Science, Vol. 43, No.
4, pp. 117-1180.

Warner, R. D. P. L. Greenwood, D. W.Pethick, and D. M.
Ferguson, 2010, Genetic and environmental effects on
meat quality. A Review, Meat Science,Vol. 86, pp. 171-
183.

Wilson, R. T. 2018, Livestock in the Republic of the Sudan:
Policies, production, problems, and possibilities,Animal
Husbandry, Dairy and Veterinary Science, Vol. 2, No. 3,
pp. 1-12.

Miller, S. A. D. D. Dykes, and H. F. Polesky, 1988, A simple
salting out procedure for extracting DNA from human
nucleated cells, Nucleic Acids Research, Vol. 16, pp. 1215.

Harvey, W. R. 1977, User's guide for LSML'76; Least squares
and maximum likelihood computer program, Ohio State
University, Columbus, OH.

De la Rosa Reyna, X. E. H. M. Montoya, V. V. Castrellón, A.
M. S. Rincón, M. P. Bracamonte, and W. A. Vera, 2010,
Polymorphisms in the IGF1 gene and their effect on
growth traits in Mexican beef cattle, Genetics and
Molecular Research, Vol. 9, No. 2, pp. 875-883.

11761 Asian Journal of Science and Technology, Vol. 12, Issue, 07, pp.11757-11761, July, 2021

*******


