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INTRODUCTION 

Several studies provide evidence to confirm the 

role of thyroglobulin (TG) in sexual differentiation 

and gonadal development (Flood et al., 1990; 

Duarte-Guterman et al., 2002;Mendis-Handagama 
and SirilAriyaratne,2008 and Jannini et al., 2009). 

Wagner et al.(2001) discovered that deiodinases 

[the enzymes responsible for ioding thymoglobulin 
(TG) to obtain the active forms triiodothyronine 

(T3) and thyroxine (T4)] as well as thyroid 

receptors (TRs, encoded by trα and trβ genes) 

are present within gonadal tissues, suggesting 
that THs must have an action on these organs. 

The presence of TH machinery in testicular 

tissues implies that TH axis must regulate 
aspects of testicular functioning. Indeed, it has 

been shown that hypo- and hyper-thyroid males 

exhibit testes and sperm dysfunction (Krassaset. al., 
1997). In addition, THs are involved in the 

regulation of androgen receptors(ARs) expression 

in testicular tissues through thyroid response 

elements (TREs) located in the promoter of 

androgen receptor genes(Flood et al., 1990). 

Furthermore, THs may also regulate other genes 
involved in androgen biosynthesis and 

signaling. THs enhance 5α-reductase expression 

and activity within the testes, increasing 5α-

dihydrotestosterone concentrations (Ram and 
Waxman, 2002; Duarte-Guterman et al., 2002). 

One of the key issues in biology understands how 

natural selection drives gene functional 
diversification across different species and 

lineages (Toll-Riera et al., 2011). The main goal 

in animal breeding is to select individuals that 
have high breeding values for traits of interest as 

parents to produce the next generation and to do 

so as quickly as possible. To date, most 

programs rely on statistical analysis of large 
data bases with phenotypes on breeding 

populations by linear mixed model methodology 

to estimate breeding values on selection 
candidates. However, there is a long history of 

research on the use of genetic markers to 

identify quantitative trait loci and their use in 
marker-assisted selection but with limited 
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implementation in practical breeding programs 

(Dekker, 2012).The objective of this study, 
therefore, was to investigate using computational 

method, the molecular genetic variation of 

thyroglobulin gene of some ruminants (cattle, 
sheep and goat) with a view to providing 

relevant genetic information for marker assisted 

selection in the studied species. 

MATERIALS AND METHODS 

A total of thirten (13) thyroglobulin nucleotide 

sequences comprising goat (3), sheep (5) and 
cattle (5) were retrieved from the Gen Bank 

(NCBI) (www.ncbi.nlm.nih.gov). The Gen bank 

accession numbers of the sequences 

wereXP_017914074, NP_001301228 and 
AEE69371(goat)XP_012038919,XP_011960995,

XP_011985627,XP_011980480andXP_0119767

81(sheep)NP_776308,CAA26090,XP_0198295
70,DAA22816andNP_001095535(cattle).Sequen

ces alignment, translation and comparison of the 

thyroglobulin gene of the various species was 
done with ClustalW as described by Larkin et 

al. (2007) using IUB substitution matrix, gap 

open penalty of 15 and gap extension penalty of 

6.66. In silico functional analysis, missense 
mutations was obtained using PROVEAN 

(Protein Variant Effect Analyzer) with threshold 

value of -2.5. PROVEAN collects a set of 
homologous and distantly related sequences 

from the NCBI NR protein database using 

BLASTP (ver.2.2.25) with an E-value threshold 

of 0.1. The sequences were clustered based on a 

sequence identity of 80% to remove redundancy 
using the CD-HIT program (ver.4.5.5) (Li and 

Godzik, 2006). If the PROVEAN score is 

smaller than or equal to a given threshold, the 
variation is predicted as deleterious (Choi et al., 

2012).The evolutionary history was inferred 

using the Neighbor-Joining method (Saitou and 

Nei 1987).  The optimal tree with the sum of 
branch length = 5.45108648  is shown.   The 

percentage of replicate trees in which the 

associated taxa clustered together in the 
bootstrap test (1000 replicates) are shown next 

to the branches (Felsenstein, 1985)).The 

evolutionary distances were computed using 
the Poisson correction method (Zuckerkandl 

and Pauling, 1965) and are in the units of the 

number of amino acid substitutions per site. The 

analysis involved 13 amino acid sequences. All 
positions containing gaps and missing data were 

eliminated. There were a total of 63 positions in 

the final dataset. Evolutionary analyses were 
conducted in MEGA7 (Kumar et al., 2016).The 

Tajima test statistic (Tajima, 1989) was estimated 

using MEGA7. All positions containing gaps and 

missing data were eliminated from the dataset 
(Complete deletion option). The abbreviations 

used are as follows: m = number of sites, S = 

Number of segregating sites, ps = S/m, Θ = ps/ 
a1, and π = nucleotide diversity. D is the Tajima 

test statistic (Tajima, 1993). 

RESULTS 

Table1.Accession Number and Sequence length variation of thyroglobulin 

Species Protein Accession Number Base Pair Number (bp) Sequence Length Variation 

Cattle NP_776308 2769 930 – 2769 

 CAA26090 930  

 XP_019829570 2770  

 DAA22816 2622  

 NP_001095535 1305  

Goat XP_017914074 2767 271 – 2767 

 NP_001301228 317  

 AEE69371 271  

Sheep XP_012038919 2767 1241 – 2767 

 XP_011960995 1241  

 XP_011985627 2767  

 XP_011980480 1241  

 XP_011976781 1305  

    

The sequence length variation of cattle, sheep 

and goat are presented in Table 1. The variation 
in sequence length in base pair (bp) of cattle 

protein ranges between 930bp and 2769bp. The 

variation in sequence length in base pair (bp) of 
goat protein ranges between 271bp and 2767bp. 

The variation in sequence length in base pair 

(bp) of sheep protein ranges between 1241bp 

and 2767bp. All the species sequence exhibited 
partial complete coding sequence (<6000bp) 

from the DNA whose length were less than 

three thousand base pair (<3000bp). The results 
of functional analysis of coding ns SNP of 

thyroglobulin of goat, sheep and cattle are 

http://www.ncbi.nlm.nih.gov/
https://www.omicsonline.org/an-in-silico-molecular-evolutionary-analysis-of-selected-species-of-phoma-jpb.1000089.php?aid=1392#Tajima89
https://www.omicsonline.org/an-in-silico-molecular-evolutionary-analysis-of-selected-species-of-phoma-jpb.1000089.php?aid=1392#Tajima93


Analysis of Thyroglobulin Gene in Some Ruminants 

Journal of Genetics and Genetic Engineering V2 ● I1 ● 2018                                                                         20   

presented in Table 1,2 and 3 respectively. 

Thirteen (13) amino acid substitutions of the 
wild type alleles located in the coding region of 

goats were obtained from the alignment of 

deduced amino acid sequences of goat. Out of 
which, only five amino acid substitutions (A2Q, 

V7G, G9A, S18L and A41P) were returned 

neutral indicating that the substitutions did not 

impair protein function, while the remaining 
eight amino acid substitutions (N20L, Q25G, 

P30G, Q37F, Y49A, C52P, D55G and F58A) 

were returned as deleterious, an indication that 
the substitutions were harmful. In sheep, nine 

amino acid substitutions (W6R, F8S, L11A, 

A14L, S18L and A43D) were returned neutral, 
an indication that they did not impair protein 

function while the remaining amino acid 

substitution(Q29L, C34L, E39P, Y48A, C52L 
and G56A) was predicted to be harmful. All the 

fourteen amino acid substitutions in cattle 

appeared beneficial. The evolutionary relationships 
are shown in figure 1.The genetic relationship of 

thyro globulin gene using phylo genetic showed 

that members of the Bovidae family. Here, 

sheep is close to goat than cattle. The genetic 
relationships of the proteins of goat, sheep and 

cattle as revealed by the phylo genetic tree were 

in accordance with the well-known evolutionary 
history of Bovidae subfamily speciation (Floudas, 

2007). The Tajima’s neutrality test is shown in 

Table 5. Cattle showed negative value of D 
while sheep and goat showed positive value of 

D.  

Table2.Functional analysis of coding nsSNP of the thyroglobulin gene of goat using PROVEAN 

Variant PROVEAN Score Prediction 

A2Q -0.861 Neutral 

V7G -1.206 Neutral 

G9A 0.257 Neutral 

S18L -1.590 Neutral 

N20L -3.603 Deleterious 

Q25G -2.950 Deleterious 

P30G -4.016 Deleterious 

Q37F -3.300 Deleterious 

A41P -2.416 Neutral 

Y48A -3.860 Deleterious 

C52P -5.800 Deleterious 

D55G -3.183 Deleterious 

F58A -3.748 Deleterious 

 Default threshold is −2.5, that is; Variants with a PROVEAN score equal to or below −2.5 are considered 

“deleterious” while Variants withPROVEAN score above −2.5 are considered “neutral”. G = glycine, A = 

Alanine, L = leucine, M = methionine, F = phenylalanine, W = tryptophan,Q = glutamine, E = glutamic acid, S 

= serine, P = proline, V = valine, Y = tyrosine, R = arginine, N = asparagine, T = threonine, C = cysteine. 

Table 3.Functional analysis of coding nsSNP of the thyroglobulin gene of sheep using PROVEAN 

Variant PROVEAN Score Prediction 

W6R -1.297 Neutral 

F8S -0.699 Neutral 

L11A -1.476 Neutral 

A14L 0.200 Neutral 

S18L -1.590 Neutral 

Q29L -3.283 Deleterious 

C34L -4.833 Deleterious 

E39P -2.733 Deleterious 

A43D -1.317 Neutral 

Y48A -3.860 Deleterious 

C52L -4.833 Deleterious 

G56A -2.900 Deleterious 

Default threshold is −2.5, that is; Variants with a PROVEAN score equal to or below −2.5 are considered 

“deleterious” while Variants with PROVEAN score above −2.5 are considered “neutral”. G = glycine, A = 

Alanine, L = leucine, M = methionine, F = phenylalanine, W = tryptophan,Q = glutamine, E = glutamic acid, S 

= serine, P = proline, V = valine, Y = tyrosine, R = arginine, N = asparagine, T = threonine, C = cysteine. 
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Table 4.Functional analysis of coding nsSNP of the thyroglobulin gene of cattle using PROVEAN 

Variant PROVEAN Score Prediction 

M1M 0.00 Neutral 

W6W 0.00 Neutral 

E46E 0.00 Neutral 

Q62Q 0.00 Neutral 

C34C 0.00 Neutral 

D27D 0.00 Neutral 

I14I 0.00 Neutral 

G9G 0.00 Neutral 

V61V 0.00 Neutral 

F58F 0.00 Neutral 

A28A 0.00 Neutral 

N20N 0.00 Neutral 

K44K 0.00 Neutral 

L43L 0.00 Neutral 

Default threshold is −2.5, that is; Variants with a PROVEAN score equal to or below −2.5 are considered 

“deleterious” while Variants with PROVEAN score above −2.5 are considered “neutral”. G = glycine, A = 

Alanine, L = leucine, M = methionine, F = phenylalanine, W = tryptophan,Q = glutamine, E = glutamic acid, S 

= serine, P = proline, V = valine, Y = tyrosine, R = arginine, N = asparagine, T = threonine, C = cysteine. 

Table5. Results from Tajima’s Neutrality test 

Species M S Ps Ѳ Π D 

Cattle 5 179 0.890547 0.427463 0.357711 -1.243992 

Sheep 5 1234 0.994359 0.477293 0.752619 4.412808 

Goat 5 109 0.990909 0.475636 0.889091 6.610065 

m = number of sites, S = Number of segregating sites, ps = S/m, Θ = ps/ a1, and π = nucleotide diversity. D is 

the Tajima test statistic 

 
Figure1.Evolutionary relationships of goat, sheep and calttle nucleotide sequence.. 

DISCUSSION 

Puberty is a stage of sexual development 

determined by the interaction of many loci and 
environmental factors. Identification of genes 

contributing to genetic variation in this character 

can assist with selection for early puberty, 

improving genetic progress in livestock breeding 
(Fernández, 2014). The variation in sequence 

length within and among species might results from 
evolution and differentiation (Yakubu et al., 2014). 

There are cases where variability might results from 

DNA duplication, DNA rearrangement, short 
tandem repeat (STR), insertions or deletion of 

sequences (Vincent et al., 2014). The length 

variation observed within and across species might 
also attributed to differences in the genomic 
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region where the sequences were obtained from 

and differences due to complete coding or partial 
coding (Dauda et al., 2016). In this study the  

protein sequences are partial coding sequences 

(CDS) from DNA and had sequence length that 
are less than six thousand base pair 

(<6000bp)(Dauda et al., 2016).This variability 

might initiate unique structures between individual 

members in conferring different biological activities 
(Dauda et al., 2016). This frame shift mutation 

often results in a completely different translation 

from the original protein and is also likely to 
cause a stop codon to be read which truncates 

further synthesis of protein (Williams and Eerne 

green, 2013).  

The functional analysis of coding non 

synonymous polymorphism (nsSNP) of the 

thyroglobulin gene of goat, sheep and cattle 

presented in Table 2-4 is important to consider the 
neutral or beneficial amino acid substitutions. These 

substitutions help in maintaining the structural 

integrity of cells and tissues. Also, they affect 
positively the functional roles of proteins 

involved in signal transduction of visual, hormonal, 

and other stimulants. However, the harmful amino 

acid substitutions could cause amino acid change 
further altering protein function which may lead 

to susceptibility to disease. They may modify 

enzyme activity, destabilize protein structures or 
disrupt protein interactions (Bibinuet al., 2016). 

The beneficial nsSNPs obtained in the present 

study, therefore, offer hope for future genetic 
improvement of goats, sheep and cattle at the 

thyroglobulin locus. This is due to the fact that 

nsSNPs have been reported to be linked to 

economically important traits and disease 
development (Vincent, 2014). Some SNP benefits 

are; have direct effects on sexual development, 

reproductive function and associated molecular 
mechanisms and pathways (Fernández, 2014). 

Tariq et al. (2013) noted that the prediction of 

SNPs status is promising in modern genetics 
analysis and breeding programmes as they have 

been used to identify that animalswith higher 

breeding value.Genetic improvement and 

prediction using genetic markers is a goal for 
livestock breeding. The identification of new 

genes and/or mutations contributing to genetic 

variation can assist selection by reducing the 
generation interval and increasing fertility and 

genetic progress (Johnston et al., 2009: Fortes 

et al., 2012). The phylo genetic tree in figure 

1.Revealedclustering and some level of 
intermingling between sheep cattle and goat sheep. 

The implication of the similarities in the proteins is 

that any selection programmes design for early 

puberty and improving genetic progress of 

sheep might give inside for making genetic 
progress in goat and cattle. This is an evidence 

of trans-species evolution which might be 

attributed to the coding nature of the sequences. 
A negative Tajima's D signifies an excess of low 

frequency polymorphisms relative to expectation, 

indicating population size expansion (bottleneck or 

a selective sweep) and/or purifying selection. A 
positive Tajima's D signifies low levels of low 

and high frequency polymorphisms, indicating a 

decrease in population size and/or balancing 
selection (Fu and Li, 1993). This might aid in 

purifying selection i.e. selection against non-

synonymous mutations because of their 
deleterious effect. 

CONCLUSION 

This study revealed that sequence length 
variation exist between and across specie for 

thyroglobulin gene. The thyroglobulin gene is 

polymorphic that has many mutation which 
some can be harmful or beneficial. The Tajima’s 

D for cattle is positive signifying purifying 

selection and for sheep and goat is negative 

indicating balance selection. The phylo genetic 
analysis revealed they are closely related. This 

study revealed genetic information which may 

be relevant in selection for early sexual 
development, reproductive function so as to 

improve livestock in developing country 

especially Nigeria. 
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