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Abstract

Cattle production is integral to the people of Africa and her economy. To im-
prove cattle productivity, there is a need to inculcate molecular marker-assisted
selection into current breeding practices. In this study, we investigated, in
White Fulani and Muturu cattle breeds, polymorphism of two candidate genes
(Smoothened—SMO and Lipase Maturation Factor 1—LMF1) that have been
reported to influence body size in cattle. The SMO gene encodes for the SMO
(smoothened) receptor protein; a membrane signal transducer that plays a
role in the control of bone formation and adipogenesis. LMF1 encodes for the
LMF1 protein which regulates post-translational maturation of vascular li-
pases. Desired regions of the genes were amplified and genotyped by direct
DNA sequencing or Polymerase chain reaction—Restriction Fragment Length
Polymorphism. For association study, linear body measurements traits (BMTs)
that can be used to predict body size were measured on each animal and val-
ues of BMTs measured were compared between both breeds. Very significant
(P < 0.001) differences, in favour of White Fulani, were observed for all the
BMTSs compared. Six (6) previously reported SNP (G21234C, C22424T and
C22481T, T22939C, C23329T and T23458G) were found on the SMO while
LMF1 was monomorphic at the expected (T > C) exon 4 mutation site. Asso-
ciation analysis revealed that polymorphism on G21234C, C22424T, T22939C
and T23458G loci significantly affected BMTSs (P < 0.05 or 0.01) in both cattle
breeds. The outcome of this study showed that SMO gene could be a useful
candidate gene to facilitate marker assisted selection for body size while ZA/F1
is monomorphic in the cattle breeds.
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1. Introduction

Cattle production is integral to the people of Africa and her economy. It contri-
butes 33% of the agricultural GDP in developing countries [1]. According to [2],
the industry contributed 3.2% to 4% of Nigeria’s overall yearly Gross Domestic
Product (GDP) between 1970 to 2005. Cattle are a valuable source of protein to
the people, and it represents a means of livelihood for the small-scale rural cattle
owners and those involved in the cattle production value chain [3].

Over the years, researchers have used genomic tools to identify genes influen-
cing physical traits in cattle and genetic variations that underline the differences
observed between individual cattle. The SMO gene has been marked as having a
contributory role in skeletal tissue development and adipogenesis in both verte-
brates and invertebrate [4]. It encodes for the SMO (smoothened) receptor pro-
tein; a membrane signal transducer that plays a role in the control of bone for-
mation and adipogenesis through the hedgehog signalling pathway [4, 5]. The
gene is mapped to bovine chromosome 4 with 12 exons encoding 780 amino ac-
ids [6]. The hypothesis of SMO gene polymorphism affecting economically im-
portant traits in cattle was first tested by [7]. Using PCR-Restriction Fragment
Length Polymorphism (RFLP), Zhang et al [7] detected three single nucleotide
polymorphisms (SNP) on the SMO genes of 562 Qinchuan cattle and association
studies further revealed that two out of the three polymorphic sites (G21234C
and C22424T) are significantly associated with body measurement and meat qual-
ity traits. In 2015, [6] also conducted a study that confirmed the hypothesis that
variation in bovine SMO gene influences body size in cattle. By direct sequenc-
ing of the coding region and 3’UTR region of SMO gene in 520 Qinchuan beef
cattle, they identified eight single nucleotide polymorphisms (SNP) and linkage
disequilibrium analysis revealed five haplotypic groups. Collectively, SMO genes
could be a useful candidate gene to be included in marker-assisted selection
for cattle with superior body size during breeding programs. To the best of our
knowledge, there is no information about polymorphism of this gene in African
cattle.

Another candidate gene of influence on body size is the Lipase maturation
factor 1 (LMF1). LMF1 encodes for the LMF1 protein. Paterniti et al [8] were
the first to identify the protein in mouse, where a mutation that affected LMF1
protein resulted in hyperglycaemia in mice carrying double mutant allele. This
was as a result of very low levels of plasma lipases in those mice. Such abnormal-
ity has also been identified in human [9]. LMF1 is located on bovine chromo-

some 25 [10]. Metabolism of plasma lipid is under the control of vascular lipas-
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es-lipoprotein, hepatic, and endothelial lipases. Through their action on triglyce-
rides, they regulate the level of plasma lipid and control tissue uptake; thereby
protecting the animal against cardiovascular diseases [11]. For these lipases to
attain active enzymatic function, post-translational maturation of their embryo-
nic polypeptide chain is required [12]; a process dependent on lipase maturation
factor 1 (LMF1) [13]. All these processes take place in the endoplasmic reticu-
lum of cells within lipase expression tissues such as adipose muscle and heart
[14]. In cattle, [10] screened four Chinese cattle breeds—Nanyang, Qinchuan, Jiax-
ian, and Chinese Holstein—for a missense mutation in ZMFI. Using PCR-SSCP,
direct sequencing, and PCR-RFLP (Aval endonuclease), they reported a SNP
(T > C) in LMF1 exon 4 in three of the four cattle breeds. The polymorphism
was associated with growth traits in Nanyang cattle. The T > C mutation re-
sulted in Trp > Arg substitution in LMF1 protein. Ren et al [10] remains the
only publication of LMF1 gene polymorphism and its association with growth
traits in cattle.

In this study, we investigated polymorphisms of SMO and LMF1 genes in
White Fulani and Muturu cattle breeds of Nigeria and performed association
analysis to evaluate the effect of genetic variation of SMO with body measure-
ment traits. The White Fulani, a Bos indicus, is regarded as the most numerous
and widespread Nigerian cattle breed representing 37% of the country’s herd
[15]. The Muturu, a West African taurine, is a small-bodied trypanotolerant cat-
tle [16]. Because routine measurements of cattle body weight can be labour in-
tensive and not sustainable, linear body measurements are usually used as pre-
dictive measures for body weight. Traits such as heart girth and hip height have
been reported to have high phenotypic and genetic correlations with body weight
[17]. Ige et al [18] reported that heart girth, horn length, body length, and hip
height could be used to predict body weight in White Fulani cattle with 0.92, 0.82,
0.83 and 0.69 as their respective coefficients of determination. Dim ef al [19]
reported a similar result in the same breed, emphasized that heart girth is the
most reliable parameter for bodyweight prediction. Daikwo et al [20] obtained a
multiple regression equation to predict body weight of Muturu cattle from linear
body measurement. Heart girth and body length accounted for 90% of the dis-
parity in body weight; a proof that bodyweight could be predicted from the two
parameters with high accuracy.

2. Materials and Methods

2.1. Data Collection and Animal Source

Forty adult cattle (19 - 24 months) each of Muturu and White Fulani were ran-
domly selected from different livestock owners, to be as distantly related as
possible. The cattle were reared under a semi-intensive system. Muturu and
White Fulani were sourced from Ipokia Local Government Area, Ogun state and
Oyo West Local Government Area, Oyo state Nigeria, respectively. Linear body
measurements (body length, heart girth, withers height, rump length, and chest
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depth) were obtained from each animal for statistical analysis. The measurements
were taken using measuring stick/tape as described by Gilbert et al [21] and
done by one person to minimize error. Using the PG-100 collection kit from
PERFORMAGENE, a nasal swab was collected from each animal for DNA ex-
traction. The study was carried out between January, 2019-September, 2019.

2.2. Genomic DNA Extraction

Genomic DNA was extracted from the nasal swabs following PERFORMAGENE
guidelines found on https://www.dnagenotek.com/US/pdf/PD-PR-083.pdf).

2.3. PCR Amplification

For the two genes considered in this study, primers listed in the literature to am-
plify desired gene regions were ordered. Amplified regions and the expected
SNP within each gene region, as reported in the literature, are presented in Ta-
ble 1. The primers were first mixed with their respective quantities of 1xTE buf-
fer to make it up to 100 uM as prescribed the primer-design company. The for-
ward and reverse primers were then mixed and diluted to a working concentra-
tion of 10 uM.

Polymerase chain reaction (PCR) was performed in a 15 pL reaction mixture
that contained 2 pL genomic DNA, 1 uM primer mix, 7.5 uL PCR ImmoMix
(contained magnesium chloride, DNA polymerase, and dNTPs-Bioline Ltd, UK)
and 4.5 uL dd H,0. The PCR cycling was performed in a G-Storm GS1 thermal
cycler (Akribis Scientific Limited, UK) with the following general protocols:
98°C for 10 mins (initial denaturation), followed by 35 cycles of denaturation at
98°C for 30 s, 50°C annealing for 30 s, and a final extension at 72°C for 60 s. The
actual annealing temperature used for amplifying each gene region is presented
in Table 1. PCR products were checked on 1% agarose gel.

Table 1. Primers used to amplify the target regions of each gene.

Target Length

Gene region SNP (s) Primers (bp) AT Ref
SMO  Exon9  G21234C F: GCTTCACCCGTCTACTACCC 163 50 [7]
R: GCTCATGGAAATGCCAGTTC
Exon11  C22424T F: CCTTCAAACTGGGGATGGGT 319 60 [7]
C22481T R: ATCCATACCTGGCGTTGC
Exon12  T22939C F: CACAGAGCTTAGAGTCCCAG 601 50 [6]
R: AAGCCTCGGAACGGTATTTGT
3UTR  C23329T F: CTCATGGATGCAGACTCCGAC 65 [6]
T23458G R: GTGGGTTACTGGCCTACGG
LMFI  Exon4  T27154C F: CATCCTGCCTGGGCTCTG 307 50 [10]
R: TCACGGGCTCAGAAACAGGT
bp: Base pair, A.T: Annealing temperature in °C, Ref: Reference.
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2.4. Genotyping by PCR-Restriction Fragment Length
Polymorphism

SMO exon 9 amplicon was genotyped by restriction fragment length polymor-
phism (RFLP) using Sau967 (New England, Biolabs) restriction enzymes. The
digestion mixture—which contained aliquots of 5 pL PCR product, 0.5 pL re-
striction enzyme, 2 uL Cut smart buffer, and 12.5 pL dd H,0—was incubated
overnight at 37°C. Digested products were electrophoresed on 2% agarose gel
following the same procedure described above, except that the quantity of aga-

rose is 3 grams.

2.5. Amplicon Clean up

PCR products from gene regions to be directly sequenced were first purified so
that the primers and buffers are removed, leaving behind pure DNA. 60 pL of
ethanol/NaOAc solution (9375 uL 100% ethanol, 450 puL 3 M sodium acetate and
2175 uL of dd H,0) was added to the 15 uL PCR products. The mixture was left
for 15 mins to allow for DNA precipitation, after which it was centrifuged for 45
mins at 2500 RCF. At this point, DNA had been precipitated, and the PCR plate
was inverted in a centrifuge for 5 seconds to remove the solution containing
primers and buffer. To remove any leftover primer, 75 pL of 80% ethanol was
added to each sample, centrifuged for 5 mins and inverted to remove the solu-
tion, leaving behind pure DNA. The purified DNA was diluted with 13 pL dd
H,0.

2.6. DNA Sequencing

5 uL of the purified DNA sample was mixed with 2 pL of diluted (1:50) forward
or reverse primers. After this, it was sent for Sanger sequencing at the Institute
of Biological, Environmental and Rural Science (IBERS) sequencing facility at
Aberystwyth University.

Forward primer: SMO UTR

Reverse primer: SMO12, SMO11, LMF1

2.7. Sequence Alignment

The sequence reads generated were search against the NCBI/GenBank database
using BLAST to check the percentage identity with the gene of interest. Using
Genomic Workbench software (v. 6.5, CLC Bio Ltd), multiple alignments of se-
quence reads from all samples were constructed to evaluate base constitution on
each position and for subsequent SNP identification. The software was also used
to trim low-quality reads. Base positions represented by multiple reads were
identified as candidate polymorphic sites. The base-calling scores at the poly-
morphic sites and the number of times each base variant (allele) appeared in the
samples were checked to increase confidence that the sequence variant is a true
mutation, and not merely sequence error. Geneious software (version 2019.2)

[22] was used to align multiple chromatograms to check for homozygosity and
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heterozygosity at the mutation sites based on the presence of double peaks at the
SNP site.

2.8. Association Study and Statistical Analyses

The body measurement traits were linearly regressed against animals’ age (19 -
24 months) in order to account for the effect of age differences on body size.
Using the regression coefficient value from the linear regression equation, data
obtained from each animal was transformed to its predicted 24-month value.
The original data obtained from the field and the 24-month adjusted data is pre-
sented in Supplementary Table S6. The adopted linear regression model adopted
was
Y, =a+bX, +¢

where;

Y, = Linear body measurement, a = intercept of the regression line on the
Y-axis, b = regression coefficient, X = age, e; = random error about the regres-
sion line.

Data from Muturu and White Fulani were compared using the t-test. Allelic
and genotypic frequencies for each SNP were calculated by direct counting. The
genotypic frequencies were tested for deviation from Hardy-Weinberg equili-
brium using Chi-square (x’) analysis. Single-factor multivariate ANOVA was
used to determine the association between SNP marker and body measurement
traits using SPSS software; version 24. General linear models (GLM) procedure
was followed with the following model:

Y, =u+G, +¢
where;

Y; = trait measured on each individual; ¢ = overall mean; G; = fixed effect of
the sth genotype; and & = random error.

3. Results
3.1. Regression Equation

Presented in Table 2 is the coefficient of determination (R?) values for each trait
regressed against age. The values were positive and above 80% except for rump
length and chest depth in White Fulani, which were 73% and 64% respectively.

Table 2. Coefficient of determination (R® values) from the regression of each trait against

age.
Traits (cm) WE Muturu
BL 0.86 0.88
HG 0.83 0.96
WH 0.89 0.91
RL 0.73 0.91
CD 0.64 0.94

WEF = White Fulani, BL = Body length, HG = Heart girth, WH = Wither height, RL = Rump length, CD =
Chest depth. Number of observations per trait = 40.
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3.2. t-Test Comparing Values from Muturu and White Fulani

Values from both breeds were compared using t-test (Table 3). Very significant
(P < 0.001) difference, in favour of White Fulani, was observed for all the traits

compared.

3.3. SMO Gene Polymorphism

3.3.1. SMO Exon 9
A 163-bp region was amplified in the exon 9 of bovine SMO gene. When incu-
bated with the restriction enzyme, Sau967 to detect the G > C mutation ob-
served at the 21,234 bp-locus in Qinchuan cattle, the PCR product produced
three banding patterns representing CC, GC, and GG (Figure 1 and Figure 2).
Commensurate with the result of [7], the CC is represented by one fragment
(163 bp), GG by two fragments (64 and 99 bp), and GC by three fragments (64,
99 and 163 bp).

Allelic and genotypic frequencies were calculated for each breed (Table 4). In
White Fulani, individuals with heterozygous GC genotype occurred most, fol-
lowed by CC and GG, respectively. In Muturu, the heterozygous (GC) genotype,

1500 bp
1000 bp

600 bp

300 bp

200 bp
150 bp
100 bp

50 bp

Figure 1. Gel electrophoresis showing the RFLP banding patterns for the three SMO9
genotypes in White Fulani. GC, CC and GG—observed genotypes.

1500 bp
Market
1000 bp

600 bp

300 bp

200 bp
150 bp

100 bp

50 bp

Figure 2. Gel electrophoresis showing the RFLP banding patterns for the three SMO9
genotypes in Muturu. GC, CC and GG—observed genotypes.
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Table 3. t-test comparing mean White Fulani and Muturu values for each trait.

(Mean + SE)
Traits (cm) P values
White Fulani Muturu
BL (cm) 133.55 £ 0.69 102.59 £ 0.47 <0.001
HG (cm) 155.85 £ 0.83 128.53 £ 0.41 <0.001
WH (cm) 140.63 £ 0.77 83.52 £ 0.37 <0.001
RL (cm) 52.60 £ 0.67 37.11 £0.27 <0.001
CD (cm) 74.17 £ 0.81 55.79 £ 0.23 <0.001

All abbreviations are as described in Table 2. Number of observations per trait = 40.

Table 4. Allelic and genotypic frequencies of G21234C SNP of SMO exon 9 gene in Mu-
turu and White Fulani cattle.

Genotypic frequencies Allele freq.
Breed Total HWE (x>) P-value
CC GC GG C G
WF  038(14) 0.57(21)  0.05(2) 37 0.66 034 2.19 0.334
MUT  025(9)  0.39(14)  0.36 (13) 36 044 056 1.824 0.402

WE: White Fulani, MUT: Muturu, freq. Frequencies, HWE: Hardy-Weinberg equilibrium.

even though it still has the highest frequency, only occurred in one more animal
when compared to the GG genotype in the population. Genotype CC had the
lowest frequency of occurrence. All genotypic frequencies did not deviate from
Hardy-Weinberg equilibrium.

3.3.2. Effect of the SMO Exon 9 G21234C Polymorphism on Body
Measurement Traits

In both breeds, significant differences existed among the genotypes for all traits
measured, except for rump length in White Fulani (Table 5).

1) White Fulani

Mean values for heart girth, wither height, and chest depth were significant-
ly (p < 0.05) higher in genotypes GG and GC when compared with CC in
White Fulani. Significant (P < 0.001) differences existed among all the three
genotypes for body length increasing from CC to GC and GG, respectively.
Mean values for rump length were not significantly (P > 0.05) different across
the genotypes.

2) Muturu

In Muturu population, mean values for body length, heart girth and wither
height increased significantly (P < 0.001) and progressively from CC to GC and
GG genotypes. Unlike in White Fulani where rump length was not significantly
different across genotypes, GG genotype had significantly (P < 0.001) higher
rump length than GC and CC. Mean values GC and CC were not significantly (P
< 0.05) different for rump length. For chest depth, GG genotype had significant-
ly (P < 0.05) higher values than CC, but GG and GC were not significantly dif-

ferent.
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Table 5. Association of G21234C SNP genotypes of SMO9 gene with body measurement
traits in White Fulani and Muturu cattle.

Breed 'Ijraits Genotypes P-value
(means in cm + SE) cC GC GG
WE (37) BL 130.52°+ 0.94  134.46°+0.77  142.68*+2.49  <0.001
HG 172.72° £ 131 177.52°+1.07  178.62* + 3.48 0.02
WH 143.74°+ 120  14825°+ 098  151.92°+3.18  0.008
RL 50.88 + 1.12 53.31 + 0.91 57.16 + 2.96 0.084
CD 70.95° + 1.25 76.19% + 1.02 78.43" + 3.30 0.005
Mut (36) BL 99.00°+0.59  102.51°+0.48  105.20°+ 0.49  <0.001
HG 125.57°+0.56  128.10°+0.45 130.91°+0.46  <0.001
WH 81.54° + 0.57 83.11° + 0.45 85.64°+0.47  <0.001
RL 36.05° + 0.36 36.78% + 0.29 38.25" + 0.30 <0.001
CD 54.91° + 0.46 55.75% + 0.37 56.41% + 0.38 0.049

***Means with different superscript within rows are significantly different (p < 0.05 or 0.001). WF, White
Fulani; Mut, Muturu; BL, Body length; HG, Heart girth; WH, Wither height; RL, Rump length; CD, Chest
depth.

3.3.3. SMO Exon 11

319-bp of SMO exon 11 gene was amplified and sequenced for 77 cattle. Gene-
ious Prime (version 2019.2) software [22] was used to analyse the sequence map.
The two SNP-C22424T and C22481T-reported by Zhang et al [7] that caused
synonymous substitution of glycine and histidine, respectively, were identified.
The software allowed identification of homozygous and heterozygous genotype
carriers.

For the C22424T mutation, two genotypes (CC and TT) were found in the
two cattle breeds under examination (Figure 3), whereas for the C22481T muta-
tion, White Fulani individuals had two genotypes (CC and CT) while all Muturu
cattle were homozygous for the C allele (Figure 4).

Allelic and genotypic frequencies were calculated for each breed (Table 6).
There were similarities in the allelic and genotypic distribution in both cattle
breeds for C22424T polymorphism. 76% and 77% of the cattle population had
the CC genotype in White Fulani and Muturu breeds, respectively. For the
C22481T SNP, 86% of the White Fulani cattle had CC genotype, while all Mu-
turu cattle had the CC genotype (Table 6). All genotypic frequencies did not de-

viate from Hardy-Weinberg equilibrium.

3.3.4. Effect of the SMO Exon 11 C22424T SNP on Body Measurement
Traits

1) White Fulani

Significant difference (P < 0.05) was observed between the two genotypes—
CC and TT—for all body measurement traits measured except body length (Sup-
plementary Table S1). The difference was in favour of the CT genotype.
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C cC A G C A C G T cC A C

Figure 4. Sequence map showing C22481T mutation in SMO exon 11 gene.

Table 6. Allelic and genotypic frequencies of SMO exon 11 polymorphisms in Muturu
and White Fulani cattle.

Breed Genotypic freq. Total Allele freq HWE (x°) P-value
C22424TSNP
CC CT C T
WEF 0.76 (28) 0.24 (9) 37 0.88  0.12 0.159 0.690
MUT 0.77 (30) 0.30 (9) 39 0.88 0.12 0.157 0.692
C22481TSNP
CC CT C T
WE 0.86 (32) 0.14 (5) 37 0.93 0.07 0.000 1.000
MUT 1.00 (38) 0.00 (0) 39 .00 0.00 0.000 1.000

WE: White Fulani, MUT: Muturu, freq. Frequencies, HWE: Hardy-Weinberg equilibrium.

2) Muturu

Significant differences (P < 0.05) was only observed in body length and chest
depth (Supplementary Table S1). Animals with CT genotype had significantly
higher mean body length and chest depth compared to those with CC genotype.

3.3.5. Effect of the SMO Exon 11 C22481T SNP on Body Measurement
Traits

In White Fulani breed, no significant (P > 0.05) difference was observed between
the two genotypes in all body measurement traits measured in this study (Sup-

plementary Table S2). All Muturu cattle carry same CC genotype.

3.3.6. SMO Exon 12
Exon 12 of the SMO gene was amplified and sequenced for 55 cattle. Using the
Geneious Prime software (Version 2019.2) [22] for sequence map analysis, T22939C
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SNP [6] was identified. All the animals were genotyped for the polymorphism by
direct sequencing and three genotypes—CC, CT, and TT—were found in both
cattle breeds (Figure 5).

Allelic and genotypic frequencies were calculated for each breed (Table 7). In
White Fulani, 70% of the cattle had CC genotype, 27% had heterozygous CT
while only one animal had the homozygous TT. Contrarily, 28% of the Muturu
cattle population carry the homozygous TT, 32% carry CC genotype while 40%
had heterozygous CT. Therefore, the T-allele was more frequent in the Muturu
breed (48%) compared to White Fulani (17%). All genotypic frequencies did not

deviate from Hardy-Weinberg equilibrium.

3.3.7. Effect of the SMO Exon 12 T22939C SNP on Body Measurement
Traits

1) White Fulani

Significant difference (P < 0.05) was observed among the genotypes for body
length and wither height. Mean values for body length and wither height in CT
genotype was significantly (P < 0.05) higher compared to CC genotype. Howev-
er, TT and CT genotypes were not significantly different (Supplementary Table
$3). No significant difference was observed between the three genotypes for all
other traits measured.

2) Muturu

For all the traits except chest depth, mean values for cattle with TT genotype
was highest (P < 0.001), followed by CT and the least mean value was found in
cattle carrying the CC genotype (Supplementary Table S3).

C C G C C T C T A G T

Figure 5. Sequence map showing T22939C mutation in SMO exon 12 gene.

Table 7. Allelic and genotypic frequencies of T22939C SNP of SMO exon 12 gene in
Muturu and White Fulani cattle.

Genotypic freq. Allele freq.
Breed Total HWE (x*) P-value
CcC CT TT C T
WEF 0.70 26) 027 (10)  0.03 (1) 37 083  0.17 0.000 1.000
MUT  032(12) 0.40(16) 0.29 (11) 39 052 048 1.644 0.439

WE: White Fulani, MUT: Muturu, freq. Frequencies, HWE: Hardy-Weinberg equilibrium.
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3.3.8. SMO 3’ Untranslated Region (3’'UTR)

3’ UTR region of the SMO gene was amplified and sequenced for 76 cattle. Se-
quence mapping and genotype identification were done with Geneious Prime
software (version 2019.2) [22]. Two SNP—C23329T and T23458 G—reported by
[6] were identified in the cattle population under examination.

Three genotypes were found for each SNP. CC, CT and TT; and TT, TG, and
GG genotypes were present for C23329T and T23458G SNP respectively (Figure
6 and Figure 7).

In both breeds, allelic and genotypic distribution were similar for the two SMO
3’UTR SNP. In C23329T, C-allele predominates, occurring at a frequency of 92%
and 91% in White Fulani and Muturu respectively. Only one animal per breed
carried the TT homozygous (Table 8). For the T23458G SNP, T and G-alleles
were prominent in both breeds; T-allele occurred in 53% and 57% of the White
Fulani and Muturu cattle respectively (Table 8). All genotypic frequencies did

not deviate from Hardy-Weinberg equilibrium.

TT

[\L\é\f;ﬂ.@/\/\@.&
AQ/\/X/\{\/\/\AA

Figure 6. Sequence map showing C23329T mutation in SMO3UTR region.

Table 8. Allelic and genotypic frequencies of SAO 3’UTR polymorphisms in Muturu and
White Fulani cattle.

Breed Genotypic freq. Total Allele freq.  HWE (x>) P-value
C23329T SNP
CC CT TT C T
WEF 0.87 (34) 0.10 (4) 0.03(1) 39 0.92  0.08 0.230 0.891
MUT  0.84 (31) 0.14 (5) 0.03(1) 37 091  0.09 0.200 0.905
T23458G SNP
TT TG GG T G
WE 0.34(13) 037(14) 029 (11) 38 053 047 1.697 0.428
MUT  0.40(14)  0.34(12) 0.26 (9) 35 0.57 043 3.304 0.192

WE: White Fulani, MUT: Muturu, freq. Frequencies, HWE: Hardy-Weinberg equilibrium.
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Figure 7. Sequence map showing T23458G mutation in SMO 3’UTR region.

3.3.9. Effect of the SMO 3'UTR C23329T SNP on Body Measurement
Traits

In both breeds, no significant (P > 0.05) difference was found between the three
genotypes for all the body measurement traits (Supplementary Table S4).

3.3.10. Effect of the SMO 3’'UTR T23458G SNP on Body Measurement
Traits

Contrary to the no-effect obtained in C23329T SNP, significant difference ex-
isted between the genotypes for the T23458G SNP.

1) White Fulani

Mean values for body length and wither height were significantly (P < 0.01 or
P < 0.05) different across the genotypes. Values for TT and TG were similar but
significantly greater than values for GG in both body length and wither height
(Supplementary Table S5). No significant difference was found between the
three genotypes in all other traits measured.

2) Muturu

There was a significant difference (P < 0.01) between the genotypes for all body
measurement traits except chest depth. Cattle with TT genotype had significantly (P
< 0.01) higher mean values for body length, heart girth, wither height, and rump
length when compared to those with GG genotype (Supplementary Table S5).

3.4. Effect of the LMF1 Exon 4 T27154C SNP on Body
Measurement Traits

Using primers listed above, 307-bp of LMF1 exon 4 covering the T27154C po-
lymorphic site reported by Ren et al [10] in Chinese cattle was amplified and
sequenced for 74 African cattle. Sequence analysis was done with Geneious
software (version 2019.2). At the T27154C mutation point, only homozygous
T-allele were found (Figure 8). In the population of White Fulani (38) and Mu-
turu (36) examined in this study, all animals had a fixed T-allele, and genotypic
frequency for TT was 1.0.

/\ :
T C C T G G G T

Figure 8. Sequence map showing absence of T27154C mutation on LMF1 exon 4 region.
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4. Discussion
4.1. Regression Equation

The coefficient of determination (R®) values for all the traits regressed against
age were positive and above 80% except for rump length and chest depth in
White Fulani, which were 73% and 64% respectively. This suggests that, unlike
in Muturu breed, age difference only accounted for a relatively smaller compo-
nent of the variations in rump length and chest depth between White Fulani cat-
tle. Such distinctions observed between cattle breeds might be as a result of
breed to breed differences in the shape of measured traits. Berge et al. [23] noted
that curvature of the first rib, around where chest depth is measured, varies
across breeds. Variations in the shape of rump between the breeds have been
reported. While the taurine breed has a well-muscled and more horizontal rump
[24], White Fulani rump gently slopes downward from hook to pin bone [25]. In
general, the regression equations can be used to make predictions for values of
body measurement traits with a moderate to high degree of confidence. This
agrees with the findings of [26] where age of cattle significantly accounted for
the differences in linear body measurement values (body length, height at with-
er, heart girth) in Muturu and White Fulani cattle. Bene [27] also reported a
moderate correlation (up to 0.46) between age of animal and body measurement

traits in nine cattle breeds.

4.2. t-Test Comparing Values of White Fulani and Muturu

Mean values for all body measurement traits were significantly higher in White
Fulani compared to Muturu. This is not unexpected as the highly varied body
size of both cattle breeds is well documented. Udeh [28] reported that at P <
0.01, body measurement traits (heart girth, withers height, and body length)
were significantly greater in zebu breed than Muturu. In the research conducted
by [26], body measurements—live weight, head length, head width, body length,
height at wither and heart girth—were significantly (P < 0.05) greater in White

Fulani compared to Muturu.

4.3. SMO Polymorphisms and Their Association with Body
Measurement Traits (BMTs)

As a result of its association with BMTs in other cattle breeds [6, 7], the SMO
gene was investigated here in White Fulani and Muturu breed. No study has

tried to investigate this.

4.4. SMO9 Polymorphism and Its Association with BMTs

Although with different allelic and genotype distribution, the G21234C SNP in
bovine SMO exon 9 was found in both breeds under investigation. The G-allele
had a higher occurrence in Muturu (56%) compared to 34% in White Fulani. In
agreement with the findings of [7], association analysis revealed that the G21234C
polymorphism affected body length, heart girth, wither height, and chest depth
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in both breeds. It was also associated with rump length in Muturu, but not in
White Fulani cattle. The non-significant effect of SAMO9 on rump length observed
in White Fulani might not be unconnected to the relatively low coefficient of re-
gression obtained when age was regressed on rump length, as described above.
From the association result, the G allele and GG homozygous genotype are fa-
vourable for selection to improve body measurement traits in both breeds. In
both breeds, GG genotype was superior to CC in certain body measurement
traits (BL, HG, WH and CD). In Muturu, homozygous GG genotype had signif-
icantly (P < 0.05) higher mean values than the heterozygous GC genotype for all
traits except chest depth, unlike in White Fulani where mean values for the GG
and GC genotypes were not significantly different for those traits. The results for
White Fulani closely match the outcome observed in Qinchuan cattle where
homozygous GG cattle had the same mean BMTs as those with heterozygous
GC’. It is equally important to note that the GG genotype only appeared twice in
the White Fulani population under study. This low GG genotype might be as a
result of the small sample size used for this study. In all, this finding revealed
that genetic improvement program should focus on using selection to increase G
allele in the population.

As reported by [7], the G21234C SNP results in synonymous substitution of
arginine, thereby not altering the amino acid sequence of the translated protein.
This is not expected to alter the function of the SMO protein. However, influ-
ence of the SNP on body measurement traits observed can be explained by co-
don bias. This change in codon (G/C), although does not affect amino acid se-
quence, could affect the timing of translation from gene to protein [29, 30], the-
reby altering protein function and structure. This could be the scenario affecting
mRNA translation into SMO protein, which then influenced the transmission of
hedgehog signals. It has also been reported that through interaction with
RNA-binding proteins, such silent mutation can have a regulatory effect on
post-translational gene expression [31, 32]. Furthermore, non-synonymous SNP

can also influence DNA methylation in epigenetic regulation [33].

4.5.SMO Exon 11 Polymorphisms and Its Association with BMTs

4.5.1. G222424T

White Fulani and Muturu cattle population studied had two genotypes—CC and
CT. Homozygous TT was absent in both breeds. In Qinchuan cattle, [7] found
all the possible three genotypes. Absence of TT genotype in this study is likely to
be due to the small sample size. Statistical analysis revealed that mean values for
four BMTs in White Fulani (heart girth, wither height, rump length and chest
depth) and two BMTs in Muturu (body length and chest depth) were signifi-
cantly (P < 0.05) greater in cattle with CT genotype compared to those with TT
genotype. This finding agrees with what was reported by [7] where cattle with
CT genotype had significantly higher mean values for body measurement traits
relative to those with CC and TT genotype. Although the C > T SNP only re-
sulted in synonymous glycine mutation in the SMO protein, studies have re-
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vealed that such mutation can also affect protein function and structure as pre-
viously explained above in SMO exon 9 polymorphism. It appears that the hete-
rozygous CT genotype is favourable for superior body measurement traits in the
breeds. Therefore, conscious selection and breeding program should be put in
place to increase the frequency of this genotype in the Muturu and White Fulani
cattle population.

4.5.2.C22481T

In White Fulani, both CC and CT genotypes were found with CC occurring
more frequently. TT genotype was absent just as it was in Qinchuan cattle [7].
Only the CC genotype was found in Muturu cattle. This represents a clear dis-
tinction between the White Fulani and Muturu cattle population studied. The
absence of the T-allele in Muturu cattle might be due to the low sample size, or
the C22481T mutation has not happened in the breed. The mutation resulted in a
synonymous histidine substitution, as noted by [7]. Association studies in White
Fulani revealed that no significant (P > 0.05) difference exist between CC and CT
genotype for all the body measurement traits. This result tallies with the outcome
from [7] that the C22481T polymorphism does not affect body measurement
traits. A plausible explanation offered was that the effect of CC and CT genotype
on mRNA translation to SMO protein, and on the protein structure, was of equal

proportion. This SNP can therefore not be used for marker-assisted selection.

4.6. SMO Exon 12 T22939C Polymorphism and Its Association
with BMTs

Three genotypes—CC, CT, and TT—were identified in both Muturu and White
Fulani breeds for the C22939T SNP. The T-allele frequency was 17% and 48% in
White Fulani and Muturu breed respectively. TT-genotypic frequency of 28% in
Muturu compared to 3% in White Fulani exemplified the relative abundance of
the T-allele in Muturu cattle population. Statistical analysis revealed that mean
values for body length and wither height were significantly (P < 0.05) greater in
White Fulani cattle carrying CT and TT genotypes when compared to those with
the CC genotype. In Muturu, mean values for individuals with TT genotype was
very significantly (P < 0.001) greater than those with CC and CT genotypes for
all the body measurement traits except chest depth. Taken together, it appears
that selection to increase the frequency of T-allele in the population will be
beneficial to attain superior body measurement traits. In Qinchuan breed stu-
died by [6], cattle with C-allele had significantly (P < 0.05) lower body size traits
compared to those with the T-allele. Zhang et al. [6] reported that this T > C po-
lymorphism resulted in a non-synonymous serine to proline amino acid substi-
tution in the c-terminal of bovine SMO protein. Without mutation, activation of
the SMO protein is triggered by phosphorylation of serine-threonine residue at
the c-terminal end of the protein [34]. A substitution of serine to proline will not
permit phosphorylation, which will invariably inactivate SMO protein. There-

fore, this protein inactivation might be the basis for cattle with the C-allele hav-
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ing lower body measurement traits. The protein, which is a membrane signal
transducer, plays a role in the control of bone formation and adipogenesis through
the hedgehog signalling pathway [4].

4.7.SMO 3’UTR Polymorphisms and Its Association with BMTs

4.7.1.C23329T

White Fulani and Muturu cattle population examined had CC, CT, and TT ge-
notypes. Allelic and genotypic distribution were similar in both breeds with
C-allele predominating (92% and 91% in White Fulani and Muturu breed re-
spectively). Homozygous TT only appeared in one of the sampled animals per
breed. This suggests that this C > T mutation is not widely spread in Nigeria’s
White Fulani and Muturu cattle. Statistical analysis revealed that no significant
(P > 0.05) difference existed between the three genotypes for this SNP in both
breeds. This result is not in tandem with what was observed in Chinese Qin-
chuan cattle by Zhang et al [6]. Animals with CC genotype had significantly (P
< 0.05) larger body measurement traits when compared to those with TT geno-
type in Qinchuan cattle. The absence of this SNP effect on body measurement
traits here might arise from the very low frequency of occurrence of T-allele in
both breeds under examination. It could also be that this SNP does not have an
effect on body measurement traits in Nigeria’s White Fulani and Muturu breeds,
and as such cannot be as molecular marker for cattle selection. The best practice
is to examine the effect of a marker on a breed using a large population of that
breed, as it is not unusual to find inconsistencies between different studies that
utilized different breeds [35]. Therefore, a larger sample size is needed to con-

firm the veracity of this result.

4.7.2.T23458G

Contrary to the dominance of one allele found in the C23329T SNP, both T and
G-alleles of the T23458G SNP of SMO 3’UTR have appreciable occurrence in
both breeds. T-allele frequency was 53% and 57% in White Fulani and Muturu
respectively. This shows that the T > G mutation on the 3’'UTR region of SMO
has been fully established in both breeds. Also, as opposed to the no-effect of the
C23329T SNP, T23458G SNP has a significant influence on body measurement
traits in both cattle breeds. In White Fulani, individuals with TT genotype had
significantly (P < 0.05) greater mean values for body length and wither height
when compared to those with CC genotype. In the same vein, Muturu cattle with
TT genotype had significantly (P < 0.01) greater body length, heart girth, wither
height, and rump length relative to those with CC genotype. Taken together, it
will be beneficial to increase the T-allele in the population to achieve superior
body measurement traits. It can be argued that since this SNP is in the gene’s
non-coding region, it should not normally influence the protein function. How-
ever, studies have indicated that mutation on the 3’'UTR region could influence
gene expression pattern. [36, 37] are examples of studies that have shown a posi-

tive influence of 3’'UTR sequence mutation of gene expression pattern. Stacho-
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wiak et al [37] showed that a mutation in the 3'UTR region of PPARA gene in-
fluenced transcript level of the gene, and subsequently had significant influence

of adipose tissue accumulation in pig.

4.7.3. LMF1 Polymorphism and Its Association with BMTs

All animals in both breeds investigated for the T27154C SNP were monomor-
phic and homozygous for the T-allele. Ren et al [10] had associated this SNP
with body size in Chinese Nanyang cattle. It appears that Nigerian cattle—both
taurine and indicine—are monomorphic at the mutation site or genetic drift has
resulted in the loss of this variation. In Chinese Holstein cattle breed screened by
[10], all the animals were also monomorphic and homozygous for the T-allele at
the 27154 T > C site. Ren et al [10] offered an explanation that C-allele of the
C > T polymorphism might only be found in meat-type cattle breeds considering
that Chinese Holstein, which is not polymorphic at the mutation site, was the
only dairy breed out of the four cattle breeds examined. It is difficult to infer the
same explanation for result of this study as Muturu and White Fulani cattle have
not been specialized. Overall, based on the findings of this study revealing lack
of polymorphism within both breeds, LMF1 exon 4 mutation cannot be asso-
ciated with growth traits in these breeds, and can therefore not be used for
marker-assisted selection. However, this conclusion is limited to the outcome of

this study; further research is needed before it can be confirmed or refuted.

5. Conclusion

In this study, we’ve showed evidence of polymorphism of SMO gene in White Fu-
lani and Muturu cattle breeds. In addition, we report that variations at G21234C,
C22424T, T22939C and T23458G loci significantly affected BMTs in both cattle
breeds. However, evidence suggests the absence of LMFIl polymorphism in the

two African cattle breeds.
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Supplementary Data

surement traits in White Fulani and Muturu cattle.

Table S1. Association of C22424T SNP genotypes of SMO exon 11 gene with body mea-

Breed 'Ijraits Genotype P-value
(means in cm + SE) cC CT
WF (37) BL 133.44 £ 0.83 134.51 £ 1.47 0.533
HG 175.00° £ 0.98 179.12° + 1.74 0.047
WH 145.36" £ 0.87 149.85° + 1.54 0.016
RL 51.78*+0.78 55.47° + 1.37 0.025
CD 73.12* £ 0.94 78.06° + 1.65 0.013
Mut (39) BL 101.98% £ 0.51 104.45° + 0.94 0.026
HG 128.27 £ 0.48 129.21 £ 0.88 0.349
WH 83.38 £ 0.43 84.12 £ 0.78 0.414
RL 36.91 £ 0.31 37.77 £ 0.56 0.190
CD 55.48* + 0.25 56.80° + 0.45 0.015

®Means with different superscript within rows are significantly different (p < 0.05). WF, White Fulani; Mut,
Muturu; BL, Body Length; HG, Heart Girth; WH, Wither Height; RL, Rump Length; CD, Chest Depth.

Table S2. Association of C22481T SNP genotypes of SMO exon 11 gene with body mea-
surement traits in White Fulani cattle.

Breed 'Ijraits Genotype P-value
(means in cm * SE) cC CT
WF (37) BL 133.93 £ 0.78 132.24 £ 1.97 0.429
HG 176.07 £ 0.96 174.44 £ 2.42 0.535
WH 146.41 + 0.87 146.96 + 2.25 0.823
RL 52.60 £ 0.78 52.70 £ 1.98 0.964
CD 74.29 £ 0.96 73.84 £ 2.43 0.863

All means within the same row are not significantly different (P > 0.05). WF, White Fulani; BL, Body
length; HG, Heart girth; WH, Wither height; RL, Rump length; CD, Chest depth.

Table S3. Association of T22939C SNP genotypes of SMO exon 12 gene with body mea-
surement traits in White Fulani and Muturu cattle.

Breed 'I.‘raits Genotype P-value
(means in cm * SE) cC CT TT
WF (37) BL 131.86* £ 0.72 135.78° +1.18  133.24% + 3.34 0.031
HG 174.04 £ 0.90 176.54 £ 1.46 182.66 £ 4.12 0.076
WH 144.67* £ 0.86 149.23° +1.40  147.56® + 3.94 0.031
RL 51.40 £ 0.57 53.13 £ 0.92 49.78 + 2.59 0.221
CD 72.58 £ 0.88 76.53 £ 1.43 79.24 £ 4.04 0.096
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Mut (39) BL 98.60° +0.65  102.78°+0.58  104.81°+0.69  <0.001
HG 125.55°+ 0.52  127.85°+0.47 131.98+0.56  <0.001
WH 81.57" + 0.59 83.47° +0.53 85.79°+0.63  <0.001
RL 35.98% + 0.38 36.94% + 0.34 38.33% + 0.47 0.001
CD 54.88 + 0.49 55.83 + 0.44 56.68 + 0.53 0.064

***Means with different superscript within rows are significantly different (p < 0.05 or 0.001). WF, White
Fulani; Mut, Muturu; BL, Body length; HG, Heart girth; WH, Wither height; RL, Rump length; CD, Chest
depth.

Table S4. Association of C23329T SNP genotypes of SMO 3’UTR region with body mea-
surement traits in White Fulani and Muturu cattle.

Breed 'Ijraits Genotype P-value
(means in cm + SE) cC CT TT
WEF (39) BL 134.02 £ 0.73 130.46 £ 2.12 126.80 + 4.24 0.094
HG 176.23 £ 0.92 173.07 £2.68 172.45a %+ 5.35 0.445
WH 147.12 £ 0.84 143.24 £ 2.45 145.70 + 4.89 0.330
RL 52.78 £ 0.74 50.77 £ 2.16 55.10 £ 4.31 0.578
CD 74.25+0.91 72.71 £ 2.65 78.55 £ 5.29 0.612
Mut (37) BL 102.79 £ 0.59 100.60 + 1.32 102.28 £ 2.96 0.319
HG 128.89 + 0.46 126.44 £ 1.15 125.70 £ 2.76 0.095
WH 83.80 + 0.40 82.43 + 0.99 81.36 + 2.22 0.283
RL 37.17 £ 0.24 36.56 = 0.60 36.50 £ 1.33 0.591
CD 54.91 £ 0.26 55.18 £ 0.64 55.12 + 1.44 0.522

All means within the same row are not significantly different (p > 0.05). WF, White Fulani; Mut, Muturu;
BL, Body length; HG, Heart girth; WH, Wither height; RL, Rump length; CD, Chest depth.

Table S5. Association of T23458G SNP genotypes of SMO 3’UTR region with body mea-
surement traits in White Fulani and Muturu cattle.

Breed 'Ijraits Genotype P-value
(means in cm + SE) TT TG GG
WE (38) BL 135.67°+ 1.03  134.67°+0.99 129.81°+1.12  0.001
HG 177.42+1.43 17677 +1.38  172.71 £ 1.55 0.07
WH 147.75°+ 1.26  148.53*+ 121 143.27°+1.39  0.017
RL 53.57 + 1.20 53.06 + 1.15 51.20 + 1.30 0.352
CD 75.46 + 1.41 75.30 + 1.35 71.22 + 1.53 0.086
Mut (35) BL 104.65°+ 0.61  102.19°+0.66 100.37°+0.76 < 0.001
HG 130.28°+ 0.59 128.38°+0.64 126.33°+0.74  0.001
WH 85.07°+0.52  83.01°+0.56  81.90° + 0.64 0.001
RL 37.81°+0.31  37.13°+0.34  36.04°+0.30 0.005
CD 56.26 + 0.38 55.83 + 0.41 55.15 + 0.47 0.195

***Means with different superscript within rows are significantly different (p < 0.05 or 0.001). WF, White
Fulani; Mut, Muturu; BL, Body length; HG, Heart girth; WH, Wither height; RL, Rump length; CD, Chest
depth.
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Table S6. (a) The original data obtained from the field and the 24-month adjusted data
for White Fulani; (b) The original data obtained from the field and the 24-month ad-
justed data for Muturu.
(a)
S/N Age BL A-BL HG A-HG WH A-WH RL A-RL CD A-CD
23 130 136.56 170 177.29 136 144.64 47 51.22 69 7331

—_

2 24 132 132 171 171 140 140 51 51 72 72

3 23 127 133.56 168 17529 137 145.64 483 5252 73 7731
4 19 100 132.8 138.4 174.85 103 146.2 345 55.6 52 73.55
5 19 96 128.8 130 166.45 100 143.2 32 53.1 49  70.55
6 21 110 129.68 151 172.87 117 142.92 36 48.66 53  65.93
7 20 107 133.24 150 179.16 110 144.56 32 48.88 61 78.24
8 19 98 130.8 137 173.45 102 145.2 33 54.1 55 76.55
9 22 120 133.12 160 174.58 130 147.28 46 5444 62 70.62
10 20 109 135.24 150 179.16 112 146.56 35 51.88 53 70.24
11 20 104  130.24 1446 173.76 106 140.56 30 46.88 61 78.24
12 19 113 145.8 1425 178.95 109 152.2 36 57.1 56  77.55
13 23 120 126.56  165.7 17299 138 146.64 49 5322 69 7331
14 20 107 133.24 1535 182.66 113 14756 329 49.78 62 79.24
15 19 98 130.8 140 176.45 103 146.2 36.8 579 54 7555
16 20 110 136.24 1465 175.66 113 147.56 342 51.08 54 71.24
17 23 128 134.56 168 17529 139 147.64 485 52.72 735 77.81
18 24 133 133 172 172 145 145 53 53 69 69

19 23 123 129.56 176 183.29 142 150.64 50 5422 69 7331
20 20 117 143.24 167 196.16 130 164.56 55 71.88 78 95.24
21 21 118 137.68 153 174.87 127 152.92 37 49.66 64 76.93
22 22 123 136.12  166.8 181.38 129 146.28 45 5344 66 74.62
23 20 112 138.24 151 180.16 114 148.56 35 51.88 56 73.24
24 22 122 135.12 166 180.58 130 147.28 47 5544 65 73.62
25 22 119 132.12 158.5 173.08 135 152.28 42 50.44 64 72.62
26 23 122 12856 1652 17249 135 143.64 49 53.22 725 76.81
27 19 94 126.8 136 172.45 102.5 145.7 34 55.1 57 7855
28 21 119 138.68 156 177.87 126 151.92 38 50.66 65 77.93
29 22 124 137.12 158 172.58 126 143.28 43 5144 65 73.62
30 23 133 139.56 171 178.29 143 151.64 53 57.22 75 79.31
31 23 127 133.56 167 17429 136 14464 515 5572 71 7531
32 21 116 135.68 158 179.87 130 155.92 38,6 51.26 64 76.93
33 20 104  130.24 1485 177.66 104 138.56 32 48.88 48 65.24
34 20 106 132.24 146 175.16 112 146.56 29 4588 54 71.24
35 19 92 124.8 135 171.45 101 144.2 30 51.1 47  68.55
36 20 105 131.24 145 174.16 107 141.56 31 47.88 48  65.24
37 20 102 128.24 146.5 175.66 110 14456 345 51.38 58 7524
38 20 107 133.24 1325 161.66 103 137.56 31 47.88 50 67.24
39 19 106 138.8 139 175.45 102 145.2 33 54.1 51 7255

40 19 102 134.8 137 173.45 105 148.2 31 52.1 52 73,55

Age in Montbhs, all traits were measured in centimetres, BL, Body Length; HG, Heart Girth; WH, Wither
Height; RL, Rump Length; CD, Chest Depth. Traits with prefix “A” represents 24-months adjusted values.
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(b)

S/N Age BL A-BL HG A-HG WH A-WH RL A-RL CD A-CD
1 24 995 99.5 125 125 83 83 36 36 54 54
2 23 99 103.57 122.3  129.85 78 82.09 34 37.02 53 56.28
3 20 88,5 106.78 100 130.2 69 85.36 27.5 3958 44 57.12
4 23 98 102.57 120 127.55 79 83.09 33 36.02 53 56.28
5 24 99 99 126.5 126.5 84 84 36 36 54 54
6 21 91 104.71 111 133.65 74 86.27 27 36.06 45 54.84
7 23 96.5 101.07 123.5 131.05 78 82.09 38,5 41.52 52 55.28
8 22 95 104.14 114 129.1 73 81.18 30.5 36.54 48 54.56
9 24 101 101 127 127 85 85 38 38 56 56
10 23 95 99.57 120 127.55 75 79.09 32 35.02 53 56.28
11 21 89 102.71 105 127.65 69 81.27 27 36.06 47 56.84
12 22 94 103.14 1135 128.6 745 82.68 29 35.04 48 54.56
13 21 92 105.71 106 128.65 68 80.27 23 32.06 48 57.84
14 23 103 107.57 124 131.55 83.5 87.59 35 38.02 55 58.28
15 24 102 102 127 127 85 85 38 38 57 57
16 23 96 100.57 121 128.55 78 82.09 34 37.02 53 56.28
17 22 98 107.14 115 130.1 76 84.18 325 3854 52 58.56
18 20 84 102.28 95.5 125.7 65 81.36 24.5 36.58 42 55.12
19 19 75 97.85 86 123.75 60.9 81.35 21 36.1 39 55.4

20 19 78 100.85 89 126.75 64.1 84.55 21.5  36.6 40 56.4
21 19 76 98.85 88 125.75 61 81.45 21,5  36.6 41 57.4

22 19 74 96.85 86 123.75 61.5 81.95 22 37.1 39 55.4
23 20 87 105.28 98.5 128.7 71 87.36 27 39.08 41 54.12
24 22 97 106.14 114 129.1 75 83.18 315 3754 50 56.56
25 23 100 104.57 124 131.55 83 87.09 36 39.02 54 57.28
26 24 96 96 125 125 82.5 82.5 36 36 54 54

27 23 98 102.57 121 128.55 78 82.09 35 38.02 53 56.28
28 24 102 102 126 126 85 85 37 37 55 55

29 21 91 104.71 112 134.65 75 87.27 30 39.06 44 53.84
30 20 87 105.28 98 128.2 67 83.36 23 35.08 41 54.12
31 23 101 105.57 124 131.55 83 87.09 35 38.02 55 5828
32 22 92 101.14 112 127.1 71 79.18 29 35.04 46 52.56
33 23 96 100.57 121 128,55 81.9 85.99 36 39.02 53 56.28
34 19 79 101.85 94 131.75 65.5 85.95 23 38.1 40 56.4
35 20 88 106.28 96.5 126.7 67 83.36 25 37.08 41 54.12
36 22 95 104.14 115 130.1 72 80.18 29.5 3554 48 54.56
37 19 78 100.85 95.5 133.25 65 85.45 25 40.1 41 57.4
38 22 97 106.14 114 129.1 75 83.18 31 37.04 50 56.56
39 20 86 104.28  100.5 130.7 66 82.36 25 37.08 43 56.12
40 19 76 98.85 88 125.75 65 85.45 22 37.1 38 54.4

Age in Months, all traits were measured in centimetres, BL, Body length; HG, Heart Girth; WH, Wither
Height; RL, Rump Length; CD, Chest Depth. Traits with prefix “A” represents 24-months adjusted values.
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