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Summary

The bronze locus, identified as melanocortin-1 receptor (MCIR) gene, is involved in body
coloration. We examined polymorphisms, haplotype variability and deviation from neutrality
of bronze locus in Nigerian Indigenous Turkeys (NIT) using British United Turkeys (BUT)
as control breed. Single-exon coding region of MCIR was sequenced. Polymorphisms were
identified using MEGA v6 and CodonCode Aligner. In silico prediction of the functional
effects of amino acid substitutions was done using SNAP2. Haplotypes were reconstructed
using DnaSp v5. Eight polymorphisms were identified in MCIR gene of the birds with two
novel polymorphisms: ¢.37C>A (neutral effect) and ¢.866T>G (gain-of-function) in NIT and
BUT, respectively. Mutations c¢.450C>T and c.866T>G were unique to lavender NIT while
c.186C>G was present in all birds. Two polymorphisms, ¢.866T>G and c.887C>T, were
predicted to have functional effects. The highest genetic diversity was observed in lavender
NIT while the least was observed in BUT. Fifteen (15) haplotypes were reconstructed, with
MCIRBUT]1 and MCIRBUT?2 unique to BUT. Haplotype MCI1R*4 was absent in all the birds
used in this study while MCIR*5 was present in all NIT. Our study confirmed that MCIR*2
carried black (B) allele. Two novel haplotypes (MCIRNigl and MCI1RNig2) identified in this
study also carried B allele. MC1RNig6, MCIRNig7 and MCIRNig8 were found to be unique
to lavender. The novel polymorphisms and haplotypes identified in NIT and BUT could be
used in differentiating them from other turkey breeds with the same plumage colours. Also,
various polymorphisms and haplotypes identified in bronze locus of turkey are useful in
breeding programmes aimed at developing or conserving different plumage colour types.
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Introduction

Coat and plumage colours have intrigued animal breeders
and geneticists for centuries (Mao et al., 2010). Body coloration
has appeared most commonly in many sub disciplines of animal
genetics such as sexual selection (Darwin, 1871; Andersson,
1994), geographical differentiation and speciation (Mayr, 1963),
evolution of sexual dimorphism (Dunn et al., 2001), evolution of
polymorphisms (Roulin, 2004), breed development, conservation
and identification as well as adaptation (Mundy, 2005).

The knowledge of animal pigmentation genetics gained from
studies of domesticated animals, particularly in model animals
such as chicken and mice, provides a sound basis for examining
the basis of colour variation in all animals (Mundy, 2005). Colours
are used in avian species for physical protection (Burtt, 1986),
protection from parasites (Goldstein et al., 2004), camouflaging
and many signaling functions such as sexual signals, territoriality
and dominance.

Many loci for body coloration have been reported and some
candidate genes have been identified in birds and mammals
(Mao et al., 2010). One of these loci is the bronze locus which
was reported by Vidal et al. (2010b) to be melanocortin-1 receptor
(MCIR) gene. The bronze locus has three alleles with the following
order of dominance: B (black) > b* (wild bronze/lavender) > b’
(black-winged bronze/lavender) (Asmundson, 1945). The MCIR
is well known in the regulation of eumelanin/phaeomelanin switch
(Andersson and Georges, 2004). The gene plays an important role
in melanogenesis. It is a seven-transmembrane G-protein-coupled
protein that is expressed exclusively in melanocytes (Mountjoy et
al., 1992). The gene is found on chromosome 11 and encodes a
314 amino protein in only one exon in turkey birds. The variation
of the gene has been studied in many animals including mouse
(Robbins et al., 1993), cattle (Klungland et al., 1995), quail (Zhang
et al.,, 2013), horse (Marklund et al., 1996), pig (Kijas et al., 1998,
2001; Mao et al., 2010), fox (Vage et al., 1997), turkey (Vidal et al.,
2010b; Corso et al., 2017; Abdullah et al., 2019), chicken (Hoque
et al,, 2013) and guinea fowl (Vidal et al., 2010a).

Molecular characterization of MCIR gene is useful in breeding
programmes aimed at developing or maintaining different colour
varieties in species such as turkeys and other avian species in which
the different and exquisite plumage colours have ornamental and
selection values (Corso et al., 2017).

Domestic turkeys have been bred into many varieties
with different plumage colour patterns and have been used in
classical genetics studies to determine the genetic basis of colour
phenotypes (Robertson et al., 1943). The Nigerian indigenous
turkey is well adapted to wide range of climatic conditions and can
be raised successfully almost everywhere if well fed and protected
against diseases, predators and adverse weather conditions
(Ogundipe and Dafwang, 1980; Ilori et al., 2009). These birds are
excellent foragers and have three major feather colours which are
black, lavender and white. Other turkey breeds found in Nigeria
are locally adapted exotic turkeys including British United and
Nicholas white turkeys, both of which are white in colour (Ilori
et al., 2010).

In this study, we examined polymorphisms, haplotype
variability and deviation from neutrality of bronze locus (MCIR
gene) in Nigerian indigenous turkeys using British United
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turkeys as control breed for the purpose of breed conservation
and identification. To the best of our knowledge, this study is the
first attempt to examine polymorphisms, haplotype variability and
deviation from neutrality of bronze locus in Nigerian indigenous
turkeys.

Materials and Methods

Sampling Locations

Adult Nigerian indigenous turkeys were sampled from farms
and different households in Southwest Nigeria (Fig. 1). Southwest
geopolitical zone of Nigeria comprises six states which are Oyo,
Ogun, Osun, Ondo, Ekiti and Lagos. The birds were sampled from
farms or houses which are separated by around 9 km. One bird
was sampled from each farm or house. The states are separated
approximately by 200 km. The geographical description of the
six states is presented in Table 1. The British united turkeys
were sourced from the Turkey Breeding Unit of Directorate of
University Farms, Federal University of Agriculture, Abeokuta,
Ogun State and other commercial farms in the six states.
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Figure 1. Map of Nigeria showing Southwest region (Source: Aded-
iran et al. 2014)

Experimental Birds

One hundred and seventy-eight (178) adult birds consisting
of 146 Nigerian indigenous (50 lavender, 46 white and 50 black)
and 32 British united turkeys were used in this study (Table 2).
British United turkeys were included as control breed having
white plumage colour.

Blood Collection, Deoxyribonucleic Acid (DNA) Extraction,
Polymerase Chain Reaction (PCR) Assays and Gene Sequencing

About 1.5 mL of blood was collected from brachial vein of
each bird using needle and syringe. Individual blood sample was
deposited in ethylenediaminetetraacetic acid bottle.

acs

Agric. conspec. sci. Vol. 86 (2021) No. 2



Polymorphisms, Haplotype Variability and Neutrality Test of Bronze Locus in Turkey (Meleagris gallopavo) | 185

Table 1. Geographical description of sampling locations and number of birds sampled from each location

State
Geographical description
Lagos Ogun Ekiti Oyo Ondo Osun
Landmass (km?) 3,577 16,980 6,353 28,454 15,500 14,875
Altitude (m) 41 66 250 1200 344 320
Capital Ikeja Abeokuta Ado-Ekiti Ibadan Akure Osogbo
Coordinates 6°35'N 3°45’E 7°00°N 3°35’E 7°40°N 5°15’E 8°00°’N 4°00’E 7°10°N 5°05’E 7°30°’N 4°30’E
Season Wet and dry Wet and dry Wet and dry Wet and dry Wet and dry Wet and dry
Temperature (°C) 21.8-32.9 21-34 21-33 25-35 19-33 18-34
Humidity (%) 84 85 88 88 90 85
.. Ogbese, Ero, Osun,  Oyan, Ogun, Oba, Owena, Ogbese,
Major river Lagos lagoon Ogun Ose Otin, Osun Ose, Oluwa Osun, Oba
8 lavender NIT 10 lavender NIT 8 lavender NIT 8 lavender NIT 8 lavender NIT 8 lavender NIT
Number of birds sampled 6 black NIT 8 black NIT 8 black NIT 8 black NIT 8 black NIT 8 black NIT
P 8 white NIT 10 white NIT 8 white NIT 8 white NIT 8 white NIT 8 white NIT
4 BUT 12 BUT 4BUT 4BUT 3BUT 5BUT
Table 2. Experimental birds used in the study minutes, 35 cycles of final denaturation at 95°C for 30 seconds,
annealing at 58°C for 30 seconds, extension at 70°C for 2 minute
Breed Plumage colour Code Number and final extension at 70°C for 5 minutes. The amplicon was
ified with M tic Beads Carboxylate (MCLab, USA). Th
Nigerian indigenous turkey Lavender L 50 purthe .WI agnetic beads Lat oxya.e ( . . ) ¢
sequencing of PCR products was done with BigDye Terminator
Nigerian indigenous turkey White W 46 v. 3.1 using ABI 3730 XL DNA Analyzer (BioNeer, Daejeon,
South Korea) following the supplier’s protocol at STAB Vida
Nigerian indigenous turkey Black B 50 Genetics Laboratory, Campus FCT UNL Edificio Departamental
- ' ' de Quimica, Laboratorio 009, 2829-516 Caparica, Portugal. One
British United turkey White E 32 consensus sequence was generated from all the 178 sequences
Total 178 using CodonCode Aligner (http://www.codoncode.com/aligner)

Genomic DNA (gDNA) was extracted from the blood at
Biotechnology laboratory of the Department of Animal Breeding
and Genetics, Federal University of Agriculture, Abeokuta from
the birds using Zymo research Quick-gDNA™ MiniPrep kit
following the manufacturer’s instruction. The extracted gDNA
was quantified for concentration and purity using Nanodrop
spectrophotometer following the protocol described by Desjardins
and Conklin (2010). The integrity of the gDNA was also verified
using gel electrophoretic method by running 2 pL of gDNA
samples on 1% agarose gel at 120 V for 20 minutes. Polymerase
chain reaction (PCR) was carried out using tk MCIR_Fwd
5-ACATCCCTTCTGCCTCGTG-3 and tk_MCIR_Rev
5-ATCTGTCCATCCACCCGTC-3’ primers to amplify 1121 bp
region covering 5’UTR, exon 1 (the single-exon coding sequence)
and 3’UTR of turkey MCIR. For amplification, 5 pL of genomic
DNA (~10-20 ng) was added to a reaction mixture containing 12.8
uL of nuclease free water, 2.5 ul of 1x PCR buffer, 1.5 pl of 1.5mM
MgCl, 1 ul of 0.2mM dNTP, 1 ul of 0.4 UM forward primer, 1
ul of 0.4UM reverse primer and 0.2 pl of 2U/uL surf Hot Taq.
The PCR conditions included initial denaturation at 96°C for 15

and submitted to GenBank with accession number MF360992.1.

Analyses of MCIR Gene

The 178 nucleotide sequences were trimmed and edited using
Bioedit (Hall, 1999) and MEGA v6 (Tamura et al., 2013). The
single nucleotide polymorphisms (SNPs) present in the single
coding region (exon 1) of the gene were identified by aligning
the exon with the reference exon 1 (ENSMGAG00000016832.1)
downloaded from Ensembl database using Clustal W (Thompson
etal.,, 1994) incorporated inside MEGA v6 software (Tamura et al.,
2013). The SNPs were also confirmed using CodonCode Aligner
(http://www.codoncode.com/aligner) and DnaSp v5 (Librado and
Rozas, 2009). The resultant amino acid variation of each SNP was
also predicted using CodonCode Aligner (http://www.codoncode.
com/aligner). In silico prediction of the functional effects of amino
acid variation was done using SNAP2 (Hecht et al., 2015). Other
in silico prediction tools such as Polyphen predict functional effect
of human non-synonymous SNPs while Panther was developed
for predicting disease causing genetic variants with reference to a
particular species with turkey not included as one of the species.
SNAP2 predicts the functional effects of amino acid substitution
using neural networks with no reference to a particular species.
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Genetic diversity indices such as number of haplotypes,
haplotype diversity, average number of nucleotide differences,
nucleotide diversity, singleton variable site and parsimony
informative site were estimated for the coding region of turkey
MCIR gene using DnaSp v5 (Librado and Rozas, 2009).

Fu and Li’s D*; Fu and Li’s F* and Tajima’s D tests were
performed to test the coding region of the turkey MCIR gene
deviation from neutrality using DnaSP v5 (Librado and Rozas,
2009).

Haplotypes present in coding region of MCIR gene in Nigerian
indigenous and British United turkeys were reconstructed using
DnaSP v5 (Librado and Rozas, 2009). DnaSp uses algorithms
provided by PHASE, fastPHASE and HAPAR software in
haplotype reconstruction. PHASE, fastPHASE, and HAPAR use
coalescent-based Bayesian, patterns of linkage disequilibrium and
pure parsimony approaches, respectively to infer haplotypes.

MEGA v6 software (Tamura et al., 2013) was used to determine
the phylogenetic relationship among the obtained haplotypes. The
phylogenetic tree was inferred using neighbor joining method.
The reliability of the inferred tree was evaluated using bootstrap
analysis of 1000 replications.

Results

Polymorphisms Identified in MCIR Gene

The polymorphisms identified in turkeys with different
plumage colours were shown in Table 3 while the in silico prediction
of their functional effects was presented in Table 4. A total of 8
polymorphisms were identified representing three synonymous
and five nonsynonymous substitutions. Two novel mutations,
¢.37C>A (neutral mutation present in lavender and white Nigerian
indigenous turkeys) and c.866T>G (gain-of-function mutation
present only in lavender Nigerian indigenous turkeys), were
identified in this study while the other six mutations have been
previously identified by either Vidal et al. (2010b) or Corso et al.
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(2017). Mutations c.37C>A (neutral effect) and c.96G>A were
identified only in lavender and white Nigerian indigenous turkeys.
White British United turkeys had one unique polymorphism at
position 411 while mutation ¢.186C>G was common to all the
birds. Mutation ¢.887C>T was predicted to have effect on the
resultant protein function with accuracy of 75% (Table 4).

Diversity of MCIR Gene in Nigerian Indigenous and
British United Turkeys

Diversity indices of MCIR gene in Nigerian indigenous and
British United turkeys with different colour variants are presented
in Table 5. Lavender Nigerian indigenous turkeys had the highest
number of haplotype and nucleotide diversity while the lowest
nucleotide diversity was observed in white British United turkeys.

Test of Deviation of MCIR Gene from Neutrality

All the tests of deviation from neutrality indices obtained for
all the colours were greater than 1, except Fu and Li’s D of black
Nigerian indigenous and white British United turkey as well as
Tajima’s D value of lavender Nigerian indigenous turkey (Table 6).
The indices were also non significant (p>0.05).

Haplotypes Identified and Their Distribution

Fifteen haplotypes were constructed for MCIR gene of the
birds (Tables 7 and 8). The haplotypes were designated MCIR*1,
MCIR*2, MCIR*3 and MCIR*5 for those already identified by
Vidal et al. (2010b); H6 for the haplotype identified by Corso et al.
(2017); MCIRNigl - MCIRNig8 for those identified in Nigerian
indigenous turkeys and MCIRBUT1 - MCIRBUT2 for those
identified in British United turkeys. The haplotypes were shared
and unique to some plumage colours. MCIRNigl, MCI1RNig2 and
MCIR*2 were specific to black Nigerian indigenous turkeys while
MCIR*5 was shared by all the Nigerian indigenous turkeys with
different colour variants.

Table 3. Polymorphisms identified in MCIR gene of Nigerian indigenous and British United turkey with different plumage colours

SNP Amino acid change  Type L w B E Uniqueness ~ *Previous report

c37C>A p-Pro13Thr Non-synonymous Present Present Absent Absent LW FKR

c.96G>A p.STP32Trp Non-synonymous Present Present Absent Absent LW Vidal et al. (2010b)

c.186C>G p-Leu62Leu Synonymous Present Present Present Present L,W,B,E Corso et al. (2017)
Vidal et al. (2010b),

c.364A>T p-Phel22lle Non-synonymous Present Present Present Absent L,W,B Corso et al. (2017)

cA411C>T p-Alal37Ala Synonymous Absent Absent Absent Present E Corso et al. (2017)
Vidal et al. (2010b),

c.450C>T p-Tyr150Tyr Synonymous Present Absent Absent Absent L Corso et al. (2017)

c.866T>G p-Val289Gly Non-synonymous Present Absent Absent Absent L FKR

c.887C>T p-Ala296Val Non-synonymous Present Absent Present Absent L,B Corso et al. (2017)

Note: * - First known report
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Table 4. Predicted functional effects of amino acid substitutions in MCIR gene of Nigerian indigenous and British United turkey

SNP Amino acid change Predicted effect Score Reliability (%)
c37C>A p.Pro13Thr Neutral -26 61
*c.96G>A p.STP32Trp
c.186C>G p.Leu62Leu Neutral -99 97
C.364A>T p-Phel22lle Neutral -36 66
c411C>T p-Alal37Ala Neutral -99 97
c.450C>T p.Tyr150Tyr Neutral -99 97
c.866T>G p-Val289Gly Effect 66 80
c.887C>T p-Ala296Val Effect 57 75
Note: * - Functional effects of ¢.96G>A(p.STP32Trp) was not predicted because STP which is stop codon is not an amino acid
Table 5. Diversity of MCIR gene in Nigerian indigenous and British United turkeys with different plumage colours
Colour
Diversity indices Lavender Nigerian White Nigerian Black Nigerian White British United
indigenous turkey indigenous turkey indigenous turkey turkey
Number of sequences used 50 46 50 32
Number of sites analysed 945 945 945 945
Polymorphic site 7 4 3 2
Parsimony informative site 7 4 3 2
Singleton variable site 0 0 0 0
Number of haplotype 7 5 4 3
Haplotype diversity 0.722 0.758 0.745 0.677
Nucleotide diversity 2.2x10° 1.5x10° 1.1x10° 9.2x10*
Average number of nucleotide difference 2.078 1.412 1.047 0.871
Sequence conservation 0.993 0.996 0.997 0.998

Table 6. Test of deviation of MCIR gene in Nigerian indigenous and British United turkeys with different plumage colours from neutrality

Colour Fu and Li’s D Fuand Li’s F Tajima’s D
Lavender Nigerian indigenous turkey — 1.24™ 1.32m 0.87™
White Nigerian indigenous turkey 1.017 1.27m 1.27m
Black Nigerian indigenous turkey 0.89" 1.13™ 1.16™
White British United turkey 0.80™ 1.16™ 1.52m

Note: ™ - not significant
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Table 7. Haplotypes identified in MCIR gene of Nigerian indigenous and British United turkeys

0 0 1 3 4 4 8 8
3 9 8 6 1 5 6 8
7 6 6 4 1 0 6 7
SIN #Haplotype designation C G G T C T T C

1 MCIRNigl

2 MCIRNig2 . . C . . . . T

3 MCIR*2 . . C

4 MCIR*5 . . C A

5 H6 . . . A

6 MCIR*3 . A C

7 MCIRNig3 A . C

8 MCIRNig4 . A C A

9 MCIRNig5 . A A

10 MCIR*1 . . C A C

11 MCIRNig6 A . C A T

12 MCIRNig7 A A C

13 MCIRNig8 . A C . . : G

14 MCIRBUT1 . . . A . C

15 MCIRBUT2 . . . A T C

Note: # - MCIR*4 is absent. MCIR*1, MCIR*2, MCIR*3, MCIR*4 and MCIR*5 have been identified by Vidal et al. (2010a) while H6 was identified by Corso et al. (2017)

Table 8. Distribution of haplotype identified in Nigerian indigenous and British United turkeys with different plumage colours

Haplotype Frequency Lavender NIT (n=50) White NIT (n=46) Black NIT (n=50) White BUT (n=32)
MCIRNigl 9 - - 9 -
MCIRNig2 9 - - 9 -
MCIR*2 16 - - 16 -
MCIR*5 38 5 17 16 -
He6 9 - 9 - R
MCIR*3 37 25 12 - -
MCIRNig3 4 - 4 - -
MCIRNig4 4 - 4 - -
MCIRNig5 4 4 - - -
MCIR*1 12 4 - - 8
MCIRNig6 4 4 - - -
MCIRNig7 4 4 - - -
MCIRNig8 4 4 - - -
MCIRBUT1 12 - - - 12
MCIRBUT2 12 - - - 12
Total 178 50 46 50 32
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MCIRBUT1 and MCIRBUT2 were specific to white British
United turkeys while MCIRNig6, MCIRNig7 and MCIRNig8
were unique to lavender Nigerian indigenous turkeys. Haplotype
MCIRNigl was observed in 9 out of 50 black Nigerian indigenous
turkeys sampled while 12 out of 32 white British United turkeys
have haplotype MCIRBUT1. Haplotypes MCIRNig6, MCIRNig7
and MCIRNig8 were observed in 4 out of 50 lavender Nigerian
indigenous turkeys used in this study.

Phylogenetic Relationship among MCIR Haplotypes

The phylogenetic relationship among MCIR haplotypes is
shown in Fig. 2. Four clades were formed with haplotypes observed
in MCIR gene of Nigerian birds clustering with other haplotypes
except in Clade III which is occupied solely by MCIRNigl.
MCIRBUT1 and MCIRBUT?2 formed sister taxa and clustered
with MCIRNig7 and MCIR*1 in clade I.

Discussion

Polymorphisms in MCIR gene have been shown to evolve with
different plumage colours. Mutation ¢.186C>G was identified in
both British United and Nigerian indigenous turkeys suggesting its
common roles in melanism of the two breeds. Non-synonymous
polymorphisms ¢.37C>A and c.866T>G identified in our study are
novel polymorphisms which have not been previously reported
in MCIR gene of turkey birds. Novel melanic alleles have been
proposed to have an immediate phenotypic effect and are usually
available for selection. Novel melanic alleles have also been
reported to be involved in adaptive potentials of organism to its
environment (Mundy, 2005).

The presence of ¢.450C>T and ¢.866T>G in only lavender
birds might indicate that these mutations are involved in MCIR
activation in turkey birds with lavender colour. Activation of
MCIR leads to increased synthesis of black or brown eumelanin,
while low MCIR activity usually leads to increased synthesis of red
or yellow phaeomelanin (Robbins et al., 1993).

The presence of only c.411C>T mutation in white British
United turkeys was not surprising as this turkey breed has
undergone many years of selection with white colour fixed for the
breed identification. Many years of selection for the white colour
in British United turkeys would have reduced the diversity of
bronze locus in the breed.

Both ¢.364A>T and ¢.450C>T polymorphisms were present
in lavender turkey. The implication of this is that c.450C>T or
its combination with ¢.364A>T is involved in bronze/lavender
colour formation while c.364A>T which was observed in all
Nigerian indigenous turkeys is unique to some turkey breeds. In
silico prediction of functional effect of p.Ile122Phe (c.364A>T)
also revealed neutral effect of this polymorphism which may be
the reason why the polymorphism is not specific to any plumage
colour in Nigerian indigenous turkeys.

Mutation 96G>A is located in the extracellular domain 1 of
MCIR gene (Prusis et al.,, 1997) and creates a premature stop
codon. This particular mutation, in consequence, should involve
a complete loss of function of the receptor. A neighbouring
polymorphism, p.Arg28Cys reported by Nachman et al. (2003)
in mouse is associated with light colour and thus a decrease in
eumelanin production. Unsurprisingly, in Nigerian indigenous
turkeys, expected lighter plumage (based on location of the

67  MC1RBUT1
= MC1RBUT2
ua MC1RNig7
e MC1R*1
° H6
MC1R*5
MC 1RNig4 0
21 MC 1RNig5
MC 1RNig1 m
52, MC1R*3
17 MC 1RNig8
8 MC1R*2
MC1RNig3 v
-
" MC1RNig2
39 MC 1RNig6
0.60 0.50 0.40 0.30 0.20 0.10 0.00

Figure 2. Phylogenetic relationship among MCIR haplotypes
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mutation and its expected effect) was observed but surprisingly,
this polymorphism is absent in British United turkeys. Our
possible explanation to this phenomenon is that the genome of
British United turkey has been greatly altered during the breed
development or might have undergone selective sweeps as a result
of several generations of selection for white plumage colour.

The diversity of MCIR gene was higher in lavender Nigerian
indigenous turkeys compared with other colours. This kind
of pattern was also observed by Guo et al. (2010), where Hebei
chickens with yellow and black spots had greater genetic diversity.
This rich genetic diversity observed in lavender turkeys might
have resulted from the rich plumage colour diversity of lavender
turkeys.

Plumage coloration is easy to observe and study; it is subjected
to strong natural (Linnen et al., 2009; Van’t Hof et al., 2011) or
sexual selection (Uy et al., 2009) and shows a clear relationship
to speciation (Hubbard et al., 2010). A test of deviation from
neutrality can be used to detect non-neutral patterns of variations
that would be expected if the plumage colour differences arose
by selection. All the tests used in our study were non-significant,
which suggested weak effects or false positives (Poelstra et al.,
2013). The test of deviation values obtained for all colours was
also positive, which is suggestive of balancing selection on the
gene. Also, the positive test of deviation from neutrality indices
obtained for both Nigerian indigenous and British United turkeys
with different plumage colours was an indication of presence of
low level of both low and high frequency mutations which can
be linked to balancing selection and decrease in population size
(Hahn et al., 2002). Positive Tajima’s D values observed in all birds
might have resulted from many haplotypes present in this region
as positive Tajima’s D values have been shown to be caused by
presence of many haplotypes (Simonsen et al., 1995).

The haplotypes found in our study differed from one another
by a small number of variations with some of the haplotypes
shared among different colours while some are unique to different
colours. Haplotypes MCIR*1, MCIR*2, MCIR*3 and MCIR*5
that were reported by Vidal et al. (2010b) were also observed
in our study. Also, haplotype H6, reported by Corso et al
(2017) in Southern Brazilian turkeys, was also observed in our
study. Bronze/lavender birds were observed to carry MCIR*1
while black birds carried MCIR*2. The presence of MCIR*2 in
only black Nigerian indigenous turkeys is not surprising as this
haplotype has been found to carry black (B) allele. MCIRNigl and
MCIRNig2 were new alleles found in this study and they also carry
B allele. The correspondence between bronze locus and MCIR
gene has been confirmed by Vidal et al. (2010b) and all turkeys
carrying B allele (which can be black, buff, chocolate and slate;
either in homozygote BB or heterozygotes Bb* and Bb') carried at
least one copy of MCIR*2 haplotype. The white turkeys (Nigerian
indigenous and British United turkeys) carried many haplotypes
which may be due to the fact that white colour birds carry many
allelic combinations. White turkeys have the recessive allele ¢ in
homozygosity in an epistatic locus for colour and therefore may
have any allele combination in the bronze locus (Robertson et al.,
1943; Asmundson, 1945). The presence of MCIR*5 haplotype in
some black turkeys is not surprising as B allele is dominant over b*
which is an indication that the 16 black turkeys observed to carry
haplotype MCIR*5 in our study will have Bb* genotype.
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The phylogenetic relationship among the observed haplotypes
revealed that four clades were formed with the novel Nigerian
haplotypes present in all the clades. The MCIRNigl stayed solely
on a separate clade. The possible explanation for uniqueness of
this haplotype is that it is a recombinant haplotype that encodes
the same amino acid sequence as MCIR*2 and is considered as
second form of B. Staying of MCIRNig1 on its own separate clade
suggests that this haplotype has some other roles in melanogenesis
pathway (apart from formation of black feather) and some other
physiological processes.

Conclusion

The novel polymorphisms and haplotypes identified in
NIT and BUT could be used in differentiating them from other
turkey breeds with the same plumage colours. Also, various
polymorphisms and haplotypes identified in bronze locus of
turkey are useful in breeding programmes aimed at developing or
conserving different plumage colour types.
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