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Extended Abstract
Background: FEZL is one of the candidate genes related to performance, quality traits of milk,
and resistance to mastitis disease in dairy cows. Mastitis is one of the common diseases in the
dairy cattle population, which imposes a lot of economic losses on the farmer. Studies on genetic
variation in the FEZL gene locus and their relationship with the milk somatic cell count (SCC)
showed a significant relationship between genetic variants in the mentioned locus and the SCC,
which is indicative of mastitis. Moreover, conflicting results have been reported about the
mentioned gene variants' effects on milk's quantitative and qualitative traits. Therefore, this
research aims to investigate the amount of different deletion, addition, and mutation
polymorphisms in the FEZL locus, to identify important variants related to milk composition, and
to investigate the difference between pure breeds and their crossbreds in Sistani and Holstein
COWS.
Methods: This research was conducted on 20 pure breeds of Sistani and Holstein cows (10 cows
from each group) and their crossbreds of Sistani and Holstein (7 heads) from the Research Center
for Sistani Cattle and Native Herds of the Sistan region. Blood was randomly selected and taken
from the jugular vein. Quantitative and qualitative traits of milk were measured from morning
and evening milking within three months. Total DNA from blood samples was extracted by the
salt-optimized method. Then, the extracted DNA was electrophoresed on a 0.5% agarose gel, and
samples of good quality were used for the PCR amplification reaction. A 229 bp fragment from
the FEZL gene locus was amplified using a specific primer pair with temperature cycling in a
thermocycler. Sequencing was done with Chromas software in FASTA format, followed by
removing low-quality sequences. In the next step, the production areas of a smgle thread were
removed from the back-and-forth sequence, and cantig production was done using CAP3
software. Alignment of 27 samples was performed with MEGA software in pairs and multiples.
Four samples were removed due to unfavorable alignment, and 23 samples were saved for further
analysis. The polymorphic regions caused by mutations, deletions, and additions, as well as
haplotyping, were analyzed with MEGAG6 and DNASPS5 software. Finally, the effect of each
marker on milk quality traits was estimated using the single marker model and the GLM procedure
of SAS9 software. The type 1 error in multiple tests was reduced using the Benferroni test at the
5% probability level. Finally, the means of the groups were compared with the Tukey-Kramer
method at the probability level of 5%.
Results: A total of 86 polymorphic regions were identified in exon 1 of the FEZL gene among
pure and crossbred populations. In all samples, the percentages of transitional and transversional
substitutions were 32.56% and 67.44%, respectively. The percentages of transitional and
transversional substitutions were estimated at 50.6 and 49.4% in the Holstein breed, 28.08 and
71.92% in the Sistani breed, and 33.55 and 66.45% in crossbreds. By comparison, the lowest and
the highest percentages of transitional substitution were observed in Sistani and Holstein breeds,
respectively, but Holstein and Sistani breeds showed the lowest and the highest percentages of
transversional substitution, respectively. The highest and the lowest coefficients of transition
substitution ratio to transversional, which is an indicator of evolution during the past periods,
belonged to Holstein (0.75) and Sistani (0.30) breeds, respectively. In all populations, thymine
and Cytosine were respectively the most and least frequent bases in the nucleotide sequence of
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the exon 1 region of the FEZL gene. The highest diversity within breeds belonged to Holstein and
Sistani crossbreds (0.15), and the lowest diversity was recorded for the Sistani breed (0.044).
Among different breeds, the highest degree of divergence was between crossbreds with Holstein
(0.126) and the lowest between Sistani and crossbreds (0.012). Of the 77 polymorphic loci
(SNPs), 33 cases were two-variant, 9 cases were three-variant, and two were four-variant. In the
milk composition, the Sistani and Holstein breeds contained the lowest and the highest
percentages of fat, protein, lactose, and fat-free dry matter, respectively, while middle percentages
were found in the crossbreds. The effect of breeds was significant on all milk traits, except for
protein percentage (P < 0.01). Among the identified markers, the marker at the position of 97 bp
of the exon 1 of the FEZL gene had the highest effect on the fat, lactose, protein, and milk dry
matter percentage traits (P <0.01).

Conclusion: Despite the existence of different polymorphisms in the exon 1 of the FEZL gene
and the amount of genetic diversity existing between and within the Holstein and Sistani breeds,
it can be considered a useful marker in the breeding of native livestock, and the combinability
strength of variants in crossbreds can be used to improve the economic traits of milk. Furthermore,
polymorphism in the mentioned area was still used as an indicator to improve somatic cell counts
in milk as an indicator of mastitis control in dairy cows, which was not possible to measure in
this research and is recommended in future studies.
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Figure 1. Electrophoresis of 0.5% of DNA extracted by the optimized salt method (A) and electrophoresis of 1% of

amplification products of the 229 bp region of the FEZL gene locus (B) in different samples of Holstein, Sistani, and
their crossbreds
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KMO005-F-F- CCACAGCCTGGTTGATAACATGCGGTTGATGACCTTGCCCGCGGCAGCGCGAGGGTACCA
consensus CCACAGCCTGGTTGATAACATGCGGTTGATGACCTTGCCCGCGGCAGCGCGAGGGTACCA
KMO005-F-F- GGCCCAGTTGGCTTGCAGCACACGCCACAGTTGGTTTGCACAACCGTGGCGCCGCACACC
consensus GGCCCAGTTGGCTTGCAGCACACGCCACAGTTGGTTTGCACAACCGTGGCGCCGCACACC
KMO005-F-F- GGGCCCCCCCACCACCGCCTCCACCTCCTCCTCCGCCGCCGCCGCGCCGCCCGCCCGAGG
consensus GGGCCCCCCCACCACCGCCTCCACCTCCTCCTCCGCCGCCGCCGCGCCGCCCGCCCGAGG
KMO005-F-F- GTTCCACAGCCTGGTTGATGACCTGCGGCTTGATGACCCTGCCCGCGGGCAGCGCCGACG
KMO005-F-R+ GGCAGCGCCGACG
consensus GTTCCACAGCCTGGTTGATGACCTGCGGCTTGATGACCCTGCCCGCGGGCAGCGCCGACG
KMO005-F-F- GTACCAGGCCCAGCTCGGCCTTGCAGCACACGCCACAGTTGGTTTTGCACAAGCCGCTGG
KMO005-F-R+
GTACCAGGCCCAGCTCGGCCTTGCAGCACACGCCACAGTTGGTTTTGCACAAGCCGCTGG
consensus GTACCAGGCCCAGCTCGGCCTTGCAGCACACGCCACAGTTGGTTTTGCACAAGCCGCTGG
KMO005-F-F- CGCCGCACACCGGGGCCCCCCCACCGCCGCCTCCACCTCCTCCTCCGCCGCCGCCGCTGC
KMO005-F-R+ CGCCGCACACCGGGGCCCCCCCACCGCCGCCTCCACCTCCTCCTCCGCCGCCGCCGCTGC
consensus CGCCGCACACCGGGGCCCCCCCACCGCCGCCTCCACCTCCTCCTCCGCCGCCGCCGCTGC
.KMO005-F-F- CGCCCGCCCG
KMO005-F-R+
CGCCCGCCCGGAGGCTGCTTTTCCAGAGCTCAGAGTAACTGAGCAGCGTCTTGGAAACAG
consensus CGCCCGCCCGGAGGCTGCTTTTCCAGAGCTCAGAGTAACTGAGCAGCGTCTTGGAAACAG
KMO005-F-R+

CCTCGGGCGGGCGGCAGCGGCGGCGGCGGAGGAGGAGGTGGAGGCGGCGGTGGGGGGGCC

consensus
CCTCGGGCGGGCGGCAGCGGCGGCGGCGGAGGAGGAGGTGGAGGCGGCGGTGGGGGGGCC

KMO005-F-R+
CGGTGTGCGGCGCCAGCGGCTTGTGCAAACACTGTGGGGTGTGCTGCAAGGCCAGCTGGG
consensus CGGTGTGCGGCGCCAGCGGCTTGTGCAAACACTGTGGGGTGTGCTGCAAGGCCAGCTGGG
KMO005-F-R+
CCTGGTACGTCGCCTGCCCGCGGGAGGGTCATCAAGCCGCAGGTCATCACCAGGTGTGGA
consensus CCTGGTACGTCGCCTGCCCGCGGGAGGGTCATCAAGCCGCAGGTCATCACCAGGTGTGGA

Figure 2. Contig generation from the forward and reverse sequences of each sample with CAP3 software for the
FEZL gene in Sistani, Holstein, and their crossbreds
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Figure 3. Pairwise and multiple alignment results with the Clustal W method of MEGA software for the FEZL gene
in Holstein, Sistani, and their crossbreds
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Figure 4. Polymorphic regions in the sequence of the FEZL gene in Sistani and Holstein cows and their crossbreds
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Table 1. The substitution matrix of the FEZL gene locus nucleotide sequences among all samples by the maximum

likelihood method

G C T A
9.26 12.48 4.44 - A
11.83 14.32 - 4.97 T
11.83 - 5.09 4.97 c

- 12.48 4.44 3.89 G
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Each entry is the probability of substitution (r) from one base (row) to another (column). Substitution pattern and rates were estimated under the
Tamura-Nei (1993) model. Rates of different transitional substitutions are shown in boeld, and those of transversionsal substitutions are shown in
italics.
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Table 2. The substitution matrix of nucleotide sequences of the FEZL gene locus among Holstein cows by
the maximum likelihood method

G C T A
15.36 9.30 3.06 - A
9.05 22.31 - 3.30 T
9.05 - 7.33 3.30 C
- 9.30 3.06 5.60 G
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Each entry is the probability of substitution (r) from one base (row) to another (column). Substitution pattern and rates were estimated under the
Tamura-Nei (1993) model. Rates of different transitional substitutions are shown in bold, and those of transversionsal substitutions are shown in
italics.
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Table 3. The substitution matrix of nucleotide sequences of the FEZL gene locus among Sistani cows by the maximum

likelihood method
G [¢ T A
8.85 13.98 4.61 - A
12.38 11.78 - 5.00 T
12.38 - 3.88 5.00 C
- 13.98 4.61 3.57 G
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Each entry is the probability of substitution (r) from one base (row) to another (column). Substitution pattern and rates were estimated under the

Tamura-Nei (1993) model. Rates of different transitional substitutions are shown in bold, and those of transversionsal substitutions are shown in
italics.
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Table 4. The substitution matrix of nucleotide sequences of the FEZL gene locus among crossbred cows by
the maximum likelihood method

G C T A
11.10 12.56 4.45 - A
11.72 13.43 - 4.49 T
11.72 - 4.76 4.49 C
- 12.56 4.45 4.26 G
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Each entry is the probability of substitution (r) from one base (row) to another (column). Substitution patterns and rates were estimated under the
Tamura-Nei (1993) model. Rates of different transitional substitutions are shown in bold, and those of transversionsal substitutions are shown in
italics.
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Table 5. The percentages of transitional and transversional substitution types among Holstein, Sistani, and crossbred
populations in the FEZL gene

J““L‘“ il ) uju"‘“ el ey (Population) czes
Transversional substitution % Transitional substitution % -
(Holstein) ;ybuile
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66.45 33.55 (Crossbred) &Sl
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Table 6. Percentage frequencies of nucleotide sequences of the FEZL gene locus within and between purebred and
crossbred cows by the maximum likelihood method

G C T A (Population) coze>
36.64 37.63 12.37 1336 (Holstein) cyile sy
344 38.87 12.81 13.89 (Sistani) 3t cloglS
35.27 37.8 13.41 13.53 (Crossbred) sl
35.08 37.01 13.16 14.75 (Total population) cuzes JS
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Table 7. Transitional and transversional substitution coefficients at the FEZL gene locus in Holstein, Sistani, and their

crossbred populations

(1) bl Josl 0 o

Ratio of transition to transversional substitution

(Population) cuze>
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0.3
0.37
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(Total) Js
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Figure 5. The results of the phylogeny analysis of the nucleotide sequences of the FEZL gene locus in Holstein,
Sistani, and their crossbreds by the neighbor joining (NJ) method
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Table 8. Estimation of the average evolutionary divergence on the sequence pairs of the FEZL gene locus between and
within the Holstein, Sistani, and their crossbreds (the numbers in the parentheses show the standard errors)

(Crossbreds) sl (Sistani) sl (Holstein) :ybuils (Population) cuze>
0.019 0.018 0.104 (0.018) (Holstein) yluile
0.012 0.044(0.008) 0.12 (Sistani) (o

0.15 (0.023) 0.096 0.126 (crossbreds) lsdisesl

Gl b b sl mad e i 1) bcuses g dlE oy 55 (ol )STs ke Hlad 5l 2,15 slael g Lol 19,0 jb cin cams 3 2,51y (1Siko Jlab g9 dlacl
pbol (Tamura & Nei, 1993) -1y50l Jao 5l ookl b by Julog g 4500 sl o 03l (LS 09,5y ;0 dllid chacas plod )0 (655 1nSke 5l ol yo )
The numbers on the diameter show the average divergence in base pairs within breeds, and those outside the diameter show the average divergence

between breeds and populations. The number of base substitutions per site is shown by averaging across all sequence pairs in each group. Analyses
were performed using the Tamura-Nei model (Tamura & Nei, 1993).
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Table 9. Average genetic diversity or evolution between different populations of Holstein, Sistani, and their crossbreds
at the FEZL gene locus

3,5kl sllas B3 8y (56 ke

Standard error Mean of genetic diversity
0.01 0.1 (Mean diversity of within populations) bCuzes (yo §,85 SSbe
0.01 0.1 (Mean diversity of total populations) cuzes> JS' 585 ke
0.03 0.01 (Coefficient of evolution diversity)  JLolS5 5le5 ¢y
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Seq KMO01-HI A A G T C A G G C C A A CCUCCOCTOZCSGS GTCTCSGTCGSGTTCOCTT G
Seq_KMO002-H2 B B B B B B B B B B
Seq_KMO003-H3
Seq_KMO004-H4
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Seq_KMO07-H7
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Seq_km0012-52 B B
Seq_KMO0013-S3 B B B B B B B B B B B B B B B B B B B B B B
Seq_KM0014-54 NN N -]
Seq_KMO0015-85 B B
Seq_KMO0016-S6 . C
Seq_KMO0017-87 B B B B B B B
Seq_KMO0018-58 B B B . A C A
Seq_KMO0019-59 NN .
Seq_KM0020-310 T B B . T T ACT . A AT A AT C . T[T B B B B B B
Seq_KM021-HS1 B B B B B B B . B B B B B B B B B B B .G . . A . T G G G A G C
Seq KM0022-HS2 B B B B B B B B B - G B B B B B B B B B
Seq KM0023-HS3
Seq_KMO0026-HS6
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Figure 6. Unique two-variant regions of FEZL gene locus sequences in different populations of Holstein, Sistani, and
their crossbreds.
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Figure 7. Two non-unique variant regions of FEZL gene locus sequences in different populations of Holstein, Sistani,
and their crossbreds.
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Figure 8. Three-variant regions of FEZL gene locus sequelr)lce; in different populations of Holstein, Sistani, and their
crossbreds.
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Figure 9. Four-variant regions of FEZL gene locus sequel%)cesd in different populations of Holstein, Sistani, and their
crossbreds
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Table 10. Analysis of deletion and addition regions of the FEZL gene locus in different populations of Holstein, Sistani,

and their crossbreds
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Table 11. Analysis of polymorphic regions of FEZL gene locus sequences in pairwise comparisons of different
populations of Holstein, Sistani, and their crossbreds.
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Table 12. Descriptive properties of milk compounds in Holstein, Sistani, and their crossbreds

(Holstein) ;ybuils
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Co\?;"ggit?grtl of géz‘i/rilsg(r)i Maximum Minimum Mean Sample Milk Components
51 1.66 6.03 0.87 3.26 10 (Fat %) (gy> Loy
57 1.43 6.11 1.19 25 10 (Protein %) (g S
46 1.41 6.33 1.4 3.05 10 (Lactose %) j5:5Y oy
22 1.24 6.5 3.29 55 10 (Dry matter %) (g, o9t Sis 03lo 2oy
(Sistani) sl
255 135 7.38 313 5.8 10 (Fat %) o> oy
14.78 0.47 3.78 2.4 3.16 10 (Protein %) 1Sy duoyd
15.78 0.69 5.25 32 437 10 (Lactose %) j55Y 1oy
16.31 131 9.77 631 8.01 10 (Dry matter %) sy cips <Sets o3ko o>
(Crossbreds) sl
16.42 0.46 3.46 237 2.8 7 (Fat %) oy o>
11.89 0.22 2.18 1.74 1.85 7 (Protein %) uSsy duoyd
14.22 0.34 2.89 2.2 2.39 7 (Lactose %) ;55 oy
11.33 0.56 5.78 4.64 494 7 (Dry matter %) 3 st St o3ke 105
(Total population) cuses JS
40.49 1.66 7.38 121 41 27 (Fat %) s oy
38.8 1.04 6.1 1.19 2.68 27 (Protein %) (ufSgy 4oy
35.89 1.26 6.3 1.4 3.51 27 (Lactose %) j55Y oy
27.82 1.82 9.77 3.29 6.54 27 (Dry matter %) sy cip <Sul o3ko o>

Table 13. The results of analysis of variance for the effects of breed on milk composition in Holstein, Sistani, and their

crossbred cows.
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##Means are significant at the level of < 0.01, and ns means no significant difference (P > 0.01)
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Figure 10. Evaluation of the effects of polymorphic regions on the milk fat percentage trait in Holstein, Sistani, and
their crossbred cows
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Figure 11. Estimation of the effects of polymorphic regions on the milk protein percentage trait in Holstein, Sistani,
and their crossbred cows
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