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Phylogenetic and evolutionary analysis of nucleotide sequence of FASN gene

Hagar Rezakhani Nejad*, Gholam Reza Dashab?” and Mehdi Vafaye Valleh?
1, 2. Former M.Sc. Student and Assistant Professor, Department of Animal Science, University of Zabol, Iran
(Received: Mar. 8, 2017 - Accepted: Jun. 10, 2017)

ABSTRACT

In the this research, 38 Holstein dairy cows (18 heads low production and 20 heads high-production) were selected
randomly and blood samples were taken their from tail vein. DNA was extracted from whole blood with phenol-
chloroform. PCR amplification of 750bp from 37 to 39 exons of FASN gene was performed using one pairs of
special primers. Sequencing of the amplified region was performed by the Sanger method. Sequence data of other
species was achieved and aligned by searching its genome database (NCBI). The nucleotide substitution rate of the
sequences and molecular evolution of the FASN were calculated by maximum likelihood and neighbor-joining
method, respectively and phylogenetic tree was constructed. Evolutionary and phylogenetic tree analysis was
performed using MEGAG6 and Dnasp5.1 software's. Bioinformatics analysis results showed that the substitution
percentage of purines was more than pyrimidine nucleotides. The numerical value of dN/dS in two groups of dairy
cow and in comparison with that of other species were 1.16 and 1.12, respectively which indicating positive selection
during evolution of this gene. Phylogenetic tree for the FASN gene in mammals shows close relationship between
Buffalo and Bison, as well as Cats and Cheetahs (%98 and %57, respectively).The results show that over the years
segregation and selection of new varieties, resulted in the development of new varieties, new proteins and also
stabilizes their performance during the evolution and advance progress toward their performance has been purified.
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Table 1. The sequences of oligo-nucleotides used for proliferation of FASN gene

Locus Forward and Backward sequences Length (bp) Melting temperature (°C)
FASN 5’-GTCTTCCGAGTCTGGTCT-3’ 750 50.3
5’-TGAGCCGTGTCAAGGTC-3" 51.2
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Table 2. Temperature program of proliferation cycles of FASN gene in Holstein cows

PCR reaction Reaction cycle Temperature (°C) (SZ(';';? d)
primary denaduration 94 600
Secondary denaduration 94 45
FASN 35 cycles Annealing 63 60
Primary extention 72 60
Final extention
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Figure 1. A: The numbers of 1 to 10 related to DNA extracted of different Holstein cows; B: The numbers of 1 to 8

related to electrophoresis of 750bp PCR products of FASN gene in the population of Holstein cows and M was 100
bp size marker.
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Table 3. The percent of haplotype and nucleotide polymorphism in FASN locus within Holstein cows

Population Nucleotide polymorphism % Haplotype polymorphism %
High production 18 98
Low production 32 1
Total population 29 99
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Table 4. The percent of transition nucleotides in the sequence of FASN gene in Holstein cows based on Maximum
likelihood method

Nucleotide A T C G
A - 7.57 9.64 11.08
T 6.22 - 9.86 7.84
C 6.22 757 - 7.84
G 8.78 7.57 9.64 -
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Figure 2. Phylogenetic tree based on NJ for high and low milk production Holstein cows in FASN gene.
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Figure 3. Phylogenetic tree based on UPGMA for high and low milk production Holstein cows in FASN gene
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0.860.06 0.963.67 1.090.10 0.86 3.21 0.68 0.02 1.423.47 0.06 0.23 0.03 3.47 1.04 0.26 3.78 0.24 0.41

0.451.08 0.432.64 0.431.02 1.343.02 1.31 1.05 0.59 2.88 1.03 1.10 1.09 2.82 0.34 1.00 2.65 1.13 1.08 1.05
197228173129 182212219115 1.421.57 1.730.922.14 1.96 1.62 1.18 1.80 1.65 1.12 2.212.51 1.58 1.31
1.340.78 1.531.55 1.47 0.77 1.411.02 0.820.78 1.351.01 0.76 0.76 0.82 1.52 1.44 1.011.10 0.77 0.78 0.77 1.45 1.01
0.820.010.923.71 1.03 0.07 0.91 3.16 0.65 0.06 1.42 3.47 0.02 0.24 0.08 3.49 1.00 0.26 3.80 0.17 0.33 0.06 1.07 2.150.78
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1B.T.b144.high 0.86 0.14 0.93 3.45 1.07 0.08 0.89 2.88 0.69 0.08 1.40 3.30 0.13 0.23 0.09 3.12 1.02 0.28 3.44 0.26 0.43 0.09 1.04 1.620.81 0.13
B.Tb222high 3.133.513.790.80 3.50 3.64 2.17 0.30 2.84 3.50 2.83 0.26 3.62 3.04 3.41 0.72 3.14 3.16 0.29 3.61 2.96 3.40 3.22 1.02 1.06 3.653.40

BTF14.low
B.TF15low
B.T.F16.low

0.733.66 0.642.41 0.57 3.51 1.732.96 2.613.81 0.823.233.75 3.523.84 2.850.66 2.73 2.81 3.31 3.19 3.86 0.60 1.73 2.15 3.63 3.56 3.06
0.17.0.88 0.202.85 0.14 0.83 1.143.19 1.39 0.90 0.68 3.55 0.84 0.93 0.92 3.20 0.25 0.88 3.37 0.89 1.01 0.90 0.38 1.73 1.42 0.87 0.88 3.54 0.67
1.24 0.47 1.323.72 1.28 0.49 1.31 2.64 0.60 0.56 1.79 3.08 0.50 0.65 0.59 3.33 1.24 0.76 3.07 0.53 0.39 0.55 1.41 2.20 1.00 0.47 0.532.99 2.46 1.18

B.TF117.high 2.813.53 3.520.39 3.09 3.39 1.620.07 3.05 3.28 3.43 0.30 3.47 2.59 3.26 0.37 3.42 1.88 0.20 2.60 2.49 3.37 3.25 1.16 1.03 3.412.93 0.35 2.66 3.08 3.03

B.Tv13.low
B.Tv10.high
B.Tv11.low
B.Tv52.low
B.T.b23.low

225356 2.450.10 2.20 3.65 1.57 0.46 3.433.43 3.00 0.66 3.54 2.68 3.30 0.212.60 2.10 0.52 3.24 3.62 3.55 2.78 1.21 1.38 3.60 3.28 0.76 2.20 2.55 3.50 0.37
0.392730.342.10 0.25 250 1.76 2.66 3.27 3.08 0.723.392.49 2.133.15 2.39 0.42 2.80 3.35 2.94 2.39 3.06 0.51 1.88 2.47 272275324 0.31 0.34 2.68 2.87 2.02
270343247023 2.563.25 1.650.60 2.853.22 2.84 0.70 3.45 3.17 3.26 0.313.03 2.110.60 2.753.43 3.413.22 1.191.54 3.253.130.77 2.26 2.87 3.77 0.49 0.232.38
1.170.42 1.213.17 1.18 0.43 1.25 2.41 0.56 0.50 1.632.910.44 0.57 0.53 2.77 1.16 0.64 2.78 0.43 0.32 0.49 1.30 2.07 0.92 0.42 0.48 3.00 2.47 1.10 0.23 2.73 2.96 2.46 3.26
0.501.16 0.492.95 0.48 1.15 1.353.02 1.43 1.16 0.53 2.46 1.14 1.121.15 3.00 0.42 1.112.77 0.98 1.09 1.14 0.27 1.451.44 1.16 1.123.04 0.61 0.48 1.513.21 2.82 0.61 2.431.36

B.T.f17-high(2) 0.81 0.07 0.87 3.81 1.010.00 0.89 2.98 0.68 0.09 1.38 3.210.06 0.24 0.11 3.410.93 0.27 3.73 0.19 0.36 0.10 1.02 2.12 0.77 0.07 0.08 3.64 3.510.83 0.49 3.39 3.652.50 3.250.43 1.15
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Fiqure 4. The matrix of genetic distance between Holstein cows based on Maximum likelihood method in FASN gene
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Table 6. The gene conversion regions in FASN gene in two groups of high and low milk production Holstein cows

Gene conversion I Mean
Number (Window) Midpoint (Psi)
1 1-145 81 0.046
2 54-172 120 0.018
3 82-199 145 0.042
4 121-226 172 0.077
5 146-251 199 0.126
6 173-277 226 0.217
7 200-303 251 0.245
8 227-328 277 0.242
9 252-353 303 0.247
10 379-382 328 0.218
11 304-408 353 0.217
12 329-434 382 0.241
13 354-459 408 0.227
14 383-497 434 0.210
15 409-530 459 0.197
16 435-577 497 0.171
17 460-620 530 0.165
18 500-660 577 0.178
19 531-707 620 0.188
20 585-757 655 0.222
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Fiqure 5. The gene conversion regions FASN gene in two groups of high and low milk production Holstein cows
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Table 7. Specie, scientific name, gene length and accession number of nucleotide sequencing of FASN gene in
analysis of phylogenetic and evolution trend

Species Accession number Length (bp)
Bos_tauru JN570752.2 19760
Bubalus_bubalis JX104761.1 1812
Bison bison XM_010856543.1 7755
Ovis_aries JN570752.2 18744
Gallus varius AB495730.1 1224
Gallus gallus NM_205155.2 10642
Coturnix japonica CMO003797.1 8971
Anasplatyrhynchos KF185112.1 7654
Feliscatus XM_011289483.1 8038
Acinonyxjubatus XM_015084481.1 5513
Pantheratigris XM_015536187.1 6044
Canis lupus XM_005624145.2 8545
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Figure 6. Phylogenetic tree based on NJ for different mammals and birds for FASN gene
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Table 9. The parameters of neutral selection trend
determination in the locus of FASN gene in between
different species

*Parameters Estimation Standard error
dn 0.559 0.011
ds 0.50 0.015
ds/dn 1.12 0.013

(ln) wlods arcel slaoul s cel a5 udgtlSss ol sy %
S5 odalcewsds dislanl 13 (63l a5 GusilS 5 (6 iy i
st ol Wiy, Buies las (dalds) goas e «(ds)

FASN 3 sleasealSes J‘? @l?.'A:\L? doyd A g
eloiiin o ding (Bg, AL b slaaiss o

Table 8. The percent of transition nucleotides in the
sequence of FASN gene in different species based on
Maximum likelihood method

Nucleotide A T [ G
A - 471 8.7 16.57
T 476 - 14.55 7.12
C 4.76 8.49 - 7.12
G 11.07 471 8.7 -
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