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Abstract

The study was conducted on 75 Holstein cows imported from Germany to
determine the chi-square value, the breeding value, the additive and
dominance effect, and the effect of the allele of the HSP70 gene on the
variation of total milk production and fat ratio. The HSP70 gene was divided
into three bands, each with a length of 922, 935 and 932 bp. Molecular
analysis of the gene shows the presence of 12-point mutations distributed in
three primers (T825C, GB856A, G937A, A1135G, G1185C, G1753A,
C1867T, A2017G, C2548T, G2572T, G2688C and T2734C). Mutation
T825C changed the amino acid Ata to Lie, and mutation G856A changed the
amino acid Aca. to Thr. The result showed that the chi-square value was
significant in the mutations (C1867T, A2017G and G2688C) reached (4.25,
3.90 and 4.16). The higher milk production in the CT genotype of the
C1867T mutation was 5442.7 kg/season, the higher breeding value,
dominance deviation, additive and dominance variance (652.3, 1460, 726856
and 235183) respectively for total milk production. The higher ratio of fat in
the CT genotype of the C2548T mutation was (5.04%), and the higher
breeding value, dominance deviation, additive and dominance variance

(1.30, 1.70, 0.576 and 0.0793), respectively for the ratio of fat.
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Introduction

Stress heat is one of the well-defined
phenomena that weigh heavily and negatively
on the shoulders of agricultural animals in
general and milk cows in particular, which
results from an abnormal temperature rise, as
this rise is one of the main determinants. of
productive and physiological performance
(Bohmanova et al., 2007), The HSP70 heat
shock protein gene is the most critical
mechanism for stress tolerance in the body, and
the genetic diversity of the HSP70 gene is
related to the ability of animals to withstand
heat stress conditions (Bhat et al., 2016). The
HSP70 gene is located on chromosome 23 in
cows, as well as, the length of the gene is

88

(3126) bp and contains only one exon with a
length of (1926) bp. The HSP70 gene analyses
and terminates cellular proteins that have been
greatly affected by stress and that cannot be
repaired (Mayer and Bukau, 2006). The
HSP70.1 protein is encoded by the HSP70.1
gene, also known as HSP70AlA, which is
located at position 1323 in the bovine genome
(NCBI, 2017). Raza et al. (2021) found that the
HSP70 gene is located on chromosome 23 of
cows, zebu cows, and goats. It is nonnucleus
and contains one exon, and that HSP70 encodes
641 amino acids. In goats, the HSP70 protein
contains seven variable amino acid residues. In
sheep and cows, only one amino acid was
detected, and HSP70 contains 1926 nitrogenous
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bases. Younis (2020) showed that the gene
expression pattern of HSP70 and HSP90 can be
used as a reference point in breeding in order to
identify, manipulate, and crossbreed, to improve
genetic potential. The intensive selection
increases milk production but deterioration in
the thermal tolerance of the animal due to the
presence of an inverse relationship between
them, so the milk cows became more sensitive
to heat stress (Miglior et al., 1995). Estimating
breeding value using genetic markers will
increase the genetic yield as a result of reducing
the generation ranges, increasing genetic
accuracy, and lower cost (Al-Zaidi, 2022). The
study genetic variation and genotypes that play
a role in raising heat tolerance in cows and thus
obtaining animals that can withstand high
temperatures better (Sejian and Scientist, 2017),
The opportunity to select animals with a good
ability to withstand stressful temperatures, by
using genes that are related to raising heat
tolerance, and thus heat-tolerant animals are
selected in high-production breeds that must
retain and inherit this high productivity ability
when exposed to conditions of heat stress (Das
et al. 2016).

This study aims to identify the mutations of

Materials and Methods
Ethics Approval

The Scientific Ethical Committee of the
Department of Animal Production, College of
Agriculture, University of Diyala, approved this
study. All applicable national and international
guidelines for the care and use of animals were
followed.

Design of Experiment

This study was conducted at the Taj Al-
Nahrain cow station in  Al-Qadisiyah
Governorate, Al-Diwaniyah District, The cows
used in the experiment were 75 Holstein cows
imported from Germany. Molecular genetic
analyzes. were conducted in the Biotechnology
Laboratory of the Department of Animal
Production, College of Agricultural Engineering
Sciences, University of Baghdad. Blood was
drawn from the udder vein, the blood was
collected in anticoagulant tubes, and the
samples were frozen at a temperature of -20. to
extract (DNA) FAVORGEN Taiwanese and
conducting electrophoresis and PCR analysis of
the Heat shock gene HSP70 Taiwanese, The
gene was designed into three pieces by the

the HSP70 gene in a sample of the genetic Scientific Advancement Company, Baghdad
material of Holstein cows, extract the Table 1.
distribution ratios of phenotypes, allelic
frequencies and genetic markers, and link them
with total milk production and fat percentage.
Table 1. Show the cutting primers used in the study
First piece is 922 bp Start Stop Lengthbp | Tm GC%
Forward 433 452 19 60 52.6
GCCTGGAGAGAGCTGATAA.
Reverse 1335 1355 20 61 50
CCTTCTTGTGCTTCCTCTTG
Second piece is 935 bp
Forward 1181 1201 20 60 45
ACGTGCTCATCTTTGATCTG.
Reverse 2096 2116 20 60 45
GTTGGTGATGGTGATCTTGT
Tthird piece is 932 bp
Forward 1672 1692 20 60 45
GACCTCAACAAGAGCATCAA
Reverse 2582 2604 22 60 40.9
CTGACACATCACAGGAGTAAAT.

&9
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GATTGGTCCCAGAAAGCCAGGGGGCAGGACTTGAGGCGAAACCCCTGGAATATTCCCGACCTGGCAGCC
CCACTGAACTCGGTCATTGGCTGACGAGGGAAAAGGCGGGGCTTGATGAAGAATTATAAACACAGAGCC
GCCTGAGGAGAAACAGCA| AACTTGCGGCTTAGTCCGTGAGAACAGCTTCC
GCAGACCCGCTATCTCCAAGGACCGCCCCGAGGGGCACCAGAGCTTCACGTCGTTGATCCTGTGGGCCG
TTTTCAGGTTTGAAGCTTATCTCGGAGCCGAAAAGGCAGGGCACCGGCATGGCGAAAAACATGGCTATC
GGCATCGACCTGGGCACCACCTACTCCTGCGTAGGGGTGTTCCAGCACGGCAAGGTGGAGATCATCGCC
AACGACCAGGGCAACCGCACCACCCCCAGCTACGTGGCCTTCACCGATACCGAGCGGCTCATCGGGGAT
GCGGCCAAGAACCAGGTGGCGCTGAACCCGCAGAACACGGTGTTCGACGCGAAGCGGCTGATCGGCCGC
AAGTTCGGAGACCCGGTGGTGCAGTCGGACATGAAGCACTGGCCTTTCCGCGTCATCAACGACGGAGAC
AAGCCTAAGGTGCAGGTGAGCTACAAAGGGGAGACCAAGGCGTTCTACCCGGAGGAGATCTCGTCGATG
GTGCTGACCAAGATGAAGGAGATCGCCGAGGCGTACCTGGGCCACCCGGTGACCAACGCGGTGATCACC
GTGCCGGCCTACTTCAACGACTCGCAGCGGCAGGCCACCAAGGACGCGGGGGTGATCGCGGGGCTGAAC
GTGCTGAGGATCATCAACGAGCCCACGGCCGCCGCCATCGCCTACGGCCTGGACAGGACGGGCAAGGGG
GAGCGCAACGTGCTCATCTTTGATCTGGGAGGGGGCACGTTCGACGTGTCCATCCTGACGATCGACGAC
GGCATCTTCGAGGTGAAGGCCACGGCCGGGGACACGCACCTGGGCGGGGAGGACTTCGACAACAGGCTG
GTGAACCACTTCGTGGAGGAGTT CATCAGCCAGAACAAGCGGGCCGTG
AGGCGGCTGCGCACCGCATGCGAGCGGGCCAAGAGAACCTTGTCGTCCAGCACCCAGGCCAGCCTGGAG
ATCGACTCCCTGTTCGAGGGCATCGACTTCTACACGTCCATCACCAGGGCGCGGTTCGAGGAGCTGTGC
TCCGACCTGTTCCGGAGCACCCTGGAGCCCGTGGAGAAGGCGCTACGCGACGCCAAGCTGGACAAGGCG
CAGATCCACGACCTGGTCCTGGTGGGGGGCTCCACCCGCATCCCCAAGGTGCAGAAGCTGCTGCAGGAC
TTCTTCAACGGGCGCGACCTCAACAAGAGCATCAACCCCGACGAGGCGGTGGCGTACGGGGCGGCGGTG
CAGGCGGCCATCCTGATGGGGGACAAGTCGGAGAACGTGCAGGACCTGCTGTTGCTGGACGTGGCTCCC
CTGTCGCTGGGACTGGAGACGGCCGGAGGCGTGATGACCGCCCTGATCAAGCGCAACTCCACCATCCCC
ACGAAGCAGACGCAGATCTTCACCACCTACTCGGACAACCAGCCGGGCGTGCTGATCCAGGTGTACGAG
GGCGAGAGGGCCATGACGCGGGACAACAACCTGCTGGGGCGCTTCGAGCTGAGCGGCATCCCGCCGGCC
CCGCGGGGGGTGCCCCAGATCGAGGTGACCTTCGACATCGACGCCAATGGCATCCTGAACGTCACGGCC
ACGGACAAGAGCACGGGCAAGGCCAACAAGATCACCATCACCAACGACAAGGGCCGGCTGAGCAAGGAG
GAGATCGAGCGCATGGTGCAGGAGGCGGAAAAGTACAAGGCGGAGGACGAGGTCCAGCGCGAGAGGGTG
TCTGCCAAGAACGCGCTGGAGTCGTACGCCTTCAACATGAAGAGCGCCGTGGAGGATGAGGGGCTGAAG
GGCAAGATCAGCGAGGCGGACAAGAAGAAGGTGCTGGACAAGTGCCAGGAGGTGATTTCCTGGCTGGAC
GCCAACACCTTGGCGGAGAAGGACGAGTTTGAGCACAAGAGGAAGGAGCTGGAGCAGGTGTGTAACCCC
ATCATCAGCAGACTGTACCAGGGGGCGGGCGGCCCCGGGGCTGGCGGCTTTGGGGCTCAGGGCCCTAAA
GGGGGCTCTGGGTCTGGCCCCACCATTGAGGAGGTGGATTAGGGGCCTTACTTTTTGTCTGTCTGTAGT
AGACCTATGGACTTTGGTCTTGCCCTGTATTTACTCCTGTGATGTGTCAGTTTGTTCTATGATAAGGTT
GTAACCTCTAACTAGCTTGTTTTTGTTATTTCTGTATGTTATAATGAGTGTGTTCACCAGAATGTTTGC
ATTTTCACGCAAGTTGGTAATAAGGATGGCTTTCCGTGGGTTTTTTTTTGTTTGTTTCAAGTGAGTCAA
CACTGCCACCCTGTGTCCTGTGTTTTGCTTTGTAAACACACCAAAAGTCATAGAATTAAACATTTGTAT

Figure 1. Distribution of primers designed to study heat shock gene HSP70 in Holstein cows

After that, the studied segment of the
HSP70 gene was detected using the polymerase
chain reaction (PCR) table 2 technology, and
after the completion of the reaction, the product
of the polymerase reaction was carried over to
ensure the presence of PCR products, using the
same method of preparing the agarose gel in the
transfer of the DNA, as the DNA known
molecular. weight (DNA Ladder Marker

Promega USA (100-1500) bp is loaded. 1500 bp
nitrogenous bases in the first hole of the gel
template, then load the PCR output by 5
microliters into the hole of the gel template at
(70 volts for 90 minutes) so that the bands are
viewed.by a UV Light Transilluminator and
these packages are photographed .with a special
camera. The bands are stained with ethidium
bromide orange.

Table 2. Reaction conditions for the three studied fragments of the HSP70 gene using PCR technology,

according to temperature and number of cycles

Stages Temperature Time Number of cycles
Initial Denaturation 95 5 min 5
Denaturation 95 30 sec
Annealing 65 30 sec 30
Extension 72 2 min
Final Extension 72 10 min 1
Hold 4 - -

90



Diyala Agricultural Sciences Journal, 2024, Vol. (16) No 1: 88-105

e T R e S —

Figure 2. Electrophoresis of the three pieces of the HSP70 gene

After electrophoresis, a 20-microliter PCR
product was sent to Macrogen, Korea. After
obtaining the results by e-mail, Genious
Software was used to analyze. the results on the
global  website of the Gen bank
https://www.ncbi.nlm.nih.gov/. The nucleotide
sequence file was used to determine the
presence or absence of the mutation and the
profile of the curves to determine the
polymorphism of the mutations of the HSP70
gene.

To calculate the allelic frequency according to
the Hardy-Weinberg rule (Falconer and
Mackay, 1996).

First allele frequencies:

2 x No. of Homozygous + No. of
heterozygous

PA= 2x total number of samples

p+tq=1

So the second allele

gB=1-PA

PA=Allele frequency A gB=Allele frequency B

The chi-square test (Ch-square - x2) was
used to compare the percentages of the
distribution of genotypes for each mutation also
used to compare the rates of the distribution of
alleles.

The laws for each computed value were applied
(Falconer. and Mackay, 1996) as follows:

1. Mean effect of A allele: g[a+d(q-p)] = aA=
al

98

Mean Effect of B Allele: a2=aB=-p [a+d(q-
P

The replacement mean is the difference
between the two values. a = al-02

. The breeding values were as follows:
al, AB=al+o2, BB= 202 AA=2
Dominance deviations:

AA= -2g2d, AB= 2pqd, AA= -2p«d

The different contrasts were. extracted as
follows:

o2, VD= 4p2pd?, VG=VA+VD VA=2pq

p and q: frequency of alleles A and B,
respectively, a: genotype value for genotype
AA.

d: genotype value for genotype Aa.

additive

VG genetic variance, VA
variance, VD = dominance variance

Results and Discussion

In the current study, the largest part of the
heat shock gene HSP70 (2171bp) was covered
by dividing the gene into three bands (922, 932
and 935 bp) with 12 point mutations, as shown
in Figure 3. These genetic mutations are caused
by mutations Point, which is often attributed to
adaptation to different environmental conditions
from the original.home of the Holstein breed.
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Consensus
Identity

REY 1, HSPATA - 282254 (reversed) .

HSPA1A gene
HSPATA mRNA

source Bos taurus
HSPATA (DS

FID 2. primary_assembly:ARS-UCD... |
; 85?2 y

A3, 15385876507 ' -

FiD4, 15382492082 - ]

FID 5, 5135145204

FI 6. 15110903970

FID7, 15109475441 o=

RV, rs457995349 |

REV9, rs110374561 :

FEY10. rs110470368

RV 11, rs383027605

FID 12, 15209779684

FID 13, 15110397047

FID 14, 5384294013

FID15. 1541257358

Figure 3. Location of point mutations of the HSP70 gene in Holstein cows

Table 3 Through searching on the Internet
and scientific research, it was found that the
mutations that were studied in this research on
the HSP70 gene in Holstein cows are all
registered with an identification number in the
NCBI gene bank and in (ensemble), the T825C
mutation changed the amino acid Ata. to the
amino acid .Lie and the G856A mutation
changed the amino acid Aca. to the amino acid
Thr. The G2688C mutation changed the amino
acid Gly. to the stop codon, while the other
mutations are all silent and did not change the
amino acid. The number of cows in the first
piece was 59, in the second 69, and the third 53.
Significant chi-square value (P<0.05) in the
mutations (C1867T, A2017G and G2688C)
reached (4.25, 3.90 and 4.16), respectively. As
for the rest of the mutations, there was no
significant change.in the chi-square value. This
result is close to the study of Oner et al. (2017)
on the HSP70 gene in Holstein-Friesian cows in
Turkey and agrees with the findings of
Kerekoppa et al. (2015); and Said and Bayu
(2018).

The difference in the distribution of
genotypes for mutations occurring in the studied
Holstein cows is due to several factors,
including the difference in sample size, the
difference in the breed, and its suitability for
environmental conditions.  Hardy-Weinberg
disequilibrium due to selection, genetic drift,
and small sample size.

The results of Table 4 showed that the total
milk production varied between the genotypes
of each mutation due to the exposure of cows to
heat stress, where the temperature in the
summer reached 50 degrees Celsius, as the
highest production was in the C1867T mutation
of the CT hybrid genotype (5442.7) kg season™
and less milk production in the mutation G937A
for the recessive genotype AA (1869) kg
season™. The results of the current study were
consistent with Deb et al. (2013) in their study
of the HSP70 gene in traits of total milk
production in cows Low production compared
to researcher Efimova et al.(2020) when he
studied Holstein cows. The hybrid genotype GC
of the G2688C mutation recorded the highest
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breeding value of 652.3, while the dominance
deviation was the highest value of 1460 in the
recessive genotype TT of the C2548T mutation.
We note that the additive variance had the
highest value in the G937A mutation, which
amounted to 726856, so it is possible to select
the GA hybrid genotype for the high breeding
value resulting from the additive variance. This
variance is important in genetic improvement
because it is transmitted from one generation to
the next (Jiang et al., 2017) and the highest
dominance variance amounted to 235183. In the
mutation, C2548T, it is possible to benefit from
the genetic mutations revealed in this study in
improving the breeding programs of Holstein
cows in Irag and making faster genetic progress
in order to increase milk production.Holstein
cows in lraq and making faster

Table 5 Shows that the ratio of fat in milk
ranged from 1.47 to 5.07%, which is within the
normal rates for the ratio of fat. The highest
breeding value amounted to 1.30 in the hybrid
genotype GC of the mutation G2688C, and the
highest dominance deviation reached 1.70 in the
recessive genotype TT of the mutation C2548T
This result is consistent with Mariana et a
(2020). As for the additive variance, its highest
value was 0.576 in the C2548T mutation.
Estimating breeding value wusing genetic
mutations will increase the genetic yield as a
result of reducing the generation ranges,
increasing genetic accuracy and lower cost, and
the accuracy of use.

100

Genetic mutations in estimating breeding
value and improving animal performance under
field conditions. From the results of Tables 2
and 3, it is shown that the molecular side of the
research is linked with quantitative calculations
of variance, thus reaching the best selection
efficiency. This is the real gain for this type of
scientific research aimed at genetic and
productivity improvement. Accordingly,
quantitative estimates are calculated for some
genetic mutations that significantly affected
traits of total milk production.
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Table 3. The number and percentages of genotypes and allelic frequency of the HSP70 gene

Primer | Mutation site Reference Amino acids | Genotype | NO. | Percentage | Observed | Expected Chi-square Allelic
sequence (rs) value frequency
TT 3 5.10 0.051 0.220 T=0.47
T825C 385826597 Ata/Lle TC 50 84.74 0.847 0.498 0.369 C;0.53
CC 6 10.16 0.101 0.280 '
GG 1 1.70 0.017 0.002 G=0.05
G856A 382492082 Aca/Thr GA 4 6.77 0.067 0.095 0.120 A;0.95
AA 54 91.52 0.915 0.902 '
P1 GG 15 2542 0.254 0.384 G=0.62
G937A 135145204 Val/Val GA 43 72.88 0.728 0.471 0.295 A=0.38
AA 1 1.70 0.017 0.144 '
AG 36 61.01 0.610 0.420 A=0.30
A1135G 109475441 Lys/Lys GG 3 3393 0.389 0,530 0.120 G=0.70
GG 48 81.35 0.813 0.828 G=0.91
(1185C 110374561 Gly/Gly GC 11 18.64 0186 0163 0.0034 C=0.09
GG 43 62.31 0.623 0.608 G=0.78
G1753A 110470368 Leu/Leu GA 22 31.90 0.319 0.343 0.007 A=O.22
AA 4 5.79 0.057 0.048 '
P2 CcC 65 94.20 0.942 0.940 C=0.97
C1867T 383027605 Asp/Asp cT 4 530 0.058 0.058 4.250 T=0.03
AA 64 92.75 0.927 0.921 A=0.96
A2017G 382780148 Gly/Gly AG 5 795 0.072 0.076 3.908 G=0.04
CcC 39 73.85 0.738 0.562 C=0.75
C2548T 209779684 Ser/Ser CT 1 1.80 0.018 0.375 0.934 T:0.25
TT 13 24.50 0.245 0.062 '
GG 26 49.05 0.490 0.396 G=0.63
G2572T 110397047 Ala/Ala GT 14 26.41 0.264 0.466 0.196 T=0.37
P3 TT 13 24.50 0.245 0.136
GG 51 96.22 0.962 0.960 G=0.98
G2688C 384294013 Gly/.... GC 5 377 0.037 0.039 4.166 C=0.02
TT 27 50.99 0.509 0.396 T=0.63
T2734C 41257358 Asp/Asp TC 13 24.50 0.245 0.466 0.223 C=0.37
CC 13 24.50 0.245 0.136 '

101
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Primer | Mutation | Genotyp NO Total milk | Breeding | Dominance | Additive | Dominanc | Genetic Average Average allele
site e " | production | value deviation variance | e deviation | variation | effect allele exchange
TT 3 4499 152.16 -153.9 _ _
T825C TC 50 4064 143.55 -136.9 10267 18606.8 28873.8 -(E;Z;E;CA),E; (1;—:_886611
cC 6 4178.7 134.94 -121.4 ' '
GG 1 3060 -1182 -146.1 ~ ~
G856A GA 4 35294 -622 -7.69 36753 59.18 36812.18 G:—_gfll i_:5566(§)
AA 54 4159.9 -62.2 -0.405 '
P1 GG 15 4677.4 944 194.4 _ _
G937A GA 43 3948 547.6 318 726856 100776 827632 AG\:_7457 26 AG:__%%%AA
AA 1 1869 151.2 837 ' '
AG 36 4372.3 -16 112.14 A=-11.2 A=-6.4
ALLSSG GG 23 3834 9.6 261.6 11296 12575 23871 G=-4.8 G=6.4
GG 48 4117.3 15.2 -0.76 G=7.6 G=-69.3
G1185C GC 1 40253 84.5 27.69 1169 58.52 1228.52 C=76.9 C=69.3
GG 43 4175.7 -139.4 -37.63 _ _
G1753A GA 22 4320.5 -316.9 -134.5 34487 17938 52425 fz__';%?z A(i ___117777'55
AA 4 5248.5 -494.4 -476.6 ' '
P2 CcC 65 4212.8 -71.6 1.10 A=-35.8 A=11214
C1867T CT 4 5442.7 -1193 35.8 82833 6682 89315 G=-1157.2 G=-1121.4
AA 64 4231.6 2.32 1.16 A=1.16 A=-26.6
A2017G AG 5 4956 289 27.87 64.5 7766 Bal.l G=27.8 G=26.6
cC 39 4128 -326 161 _ ~
C2548T CT 1 5430 -632 487 159.4 235183 2353424 %;-Alfgg C.:I._:;ZZE?
TT 13 4133.6 -978 1460
GG 26 4005.2 -120.4 103.3 _ _
G2572T GT 14 4449 -162.7 177.15 12234 31107 43341 'S:_-_l%ozzk% 1(_5:_2%3;3
P3 TT 13 4133.6 -205.1 300.9 ' '
GG 51 4179 26.8 -0.266 G=134 G=-625.5
(52688C GC 2 3514 652.3 -23.05 16664 170.32 16834.3 C=638.9 C=625.5
TT 27 3908.4 -224.2 101.7 _ _
T2734C TC 13 4491.4 -302.9 169.6 42801 30126 72927 g;ﬁ)ézla 2;322??
CcC 13 4326.5 -381.6 296.2 ' '
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Table 5. Breeding values, dominance deviation, and mean alleles for the genotypes of the HSP70 gene for Ratio fat

Primer Mutation Genotvoe | NO Ratio fat Breeding | Dominance | Additive | Dominance | Genetic Average | Average allele
site yp ' value deviation variance deviation | variation | effect allele exchange
T 3 4.17 0.20 0.101 _ _
T825C TC 50 3.79 0.188 0.141 0.01778 0.0080 0.0257 E;gég C':I':—(())%1122
CcC 6 3.77 0.176 0.169 ' '
GG 1 4.27 1.248 0.776 _ _
G856A GA 4 4.70 0.656 0.0408 0.0410 0.0016 0.0426 i;gggg 2:_%55%?2
AA 54 3.73 0.064 0.043 ' '
P1 GG 15 4 -0.122 -0.170 _ _
G937A GA 43 3.72 -0.163 -0.282 0.01248 0.0793 0.0917 i;_ggg; AG;%%ill
AA 1 4.63 -0.204 -0.078 ' '
AG 36 3.61 0.124 -0.0798 A=0.086 A=0.049
AL135G GG 23 4 0.0744 -0.0342 0.00642 0.00636 0.01278 G=0.037 G=-0.049
GG 48 3.87 0.05 -0.0024 G=0.0025 G=-0.232
GLI8C 5¢ 1 3.56 0.282 20.024 0.0131 0.00061 1 00137 1 357 C=0.232
GG 43 2.60 0.106 -0.0211 _ _
G1753A GA 22 2.26 0.242 -0.075 0.0202 0.00560 0.0258 ,2;8223 (,36\_:-(?113?6?
AA 4 2.36 0.378 -0.267 ' '
P2 CcC 65 2.48 -0.0011 0.000018 A=-0.00058 A=0.013
C1867T cT 1 350 0013 0.00048 0.000021 0.0000003 | 0.0000213 G=-00188 G=-0013
AA 64 2.56 0.082 -0.0018 A=0.041 A=-0.963
A0LIG )¢ 5 1.47 1.047 20.039 0.0843 0.00159° | 0.08589 | 51 006 G=0.965
cc 39 3.07 -0.62 0.188 _ _
C2548T CT 1 5.07 -1.24 0.57 0.576 0.3177 0.893 (sz:g'gé TC_‘_%'%ZZ
1T 13 4.04 -1.86 1.70 e s
GG 26 3.03 -0.354 -0.095 _ _
G2572T GT 14 3.26 -0.479 -0.163 0.1072 0.0262 0.1334 (.?;gégg ('Er_:-(())1177§
P3 TT 13 4.19 -0.604 -0.277 ' '
GG 51 3.42 0.052 -0.00053 G=0.026 G=1.25
(52688C GC 2 2.08 1.30 -0.026 0.0672 0.00068 0.0678 C=1.28 C=-1.25
TT 27 3.15 -0.228 -0.097 _ _
T2734C TC 13 3.20 -0.309 -0.167 0.0447 0.0277 0.0724 -(r:;-c()):ngg g;%%%ll
CcC 13 3.98 -0.39 -0.285 ' '
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Cconclusions

We conclude that Holstein cows
imported from Germany, which were
studied, were subjected to heat stress in Iraq,
which led to a decrease in milk production
and the emergence of a number of genetic
mutations when studying the HSP70 gene,
as it is considered the most important gene
expressing heat stress, We conclude that the
C187T mutation has high additive variation
for milk production The C2548T mutation
has a high additive variation in fat
percentage, and this variation is important in
genetic improvement because it is
transmitted from one generation to another.
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