
Mitochondrial DNA (mtDNA) has been the most

widely studied region of eukaryotic genomes

and has played a critical role in the development of

population and evolutionary genetics. During its

first decade of use in evolutionary biology, it was

an implicit assumption that mtDNA was a neutral

genetic marker. More recently, there has been

growing interest in how selection might act on

mtDNA (Rand 2001).

Mutations in the mitochondrial DNA can be di-

vided into two groups, those affecting general mi-

tochondrial protein synthesis (mutations

involving tRNA or rRNA genes) and those that af-

fect individual proteins (mutations in the poly-

peptide-coding genes). Most of the reported

mtDNA mutations occurring in tRNAs are usually

maternally inherited and are associated with

multisystemic disorders and lactic acidosis. How-

ever, in the last few years, a number of mutations

in polypeptide-coding genes have been reported

(Di Mauro and Andreu 2001). In particular, a clin-

ical syndrome characterized by progressive exer-

cise intolerance, variably associated with lactic ac-

idosis and myoglobinuria, and biochemical

evidence of isolated complex III deficiency in

muscles, has been associated with sporadic mus-

cle-restricted mutations in the cytochrome b gene

(Andreu et al. 2001).

Cytochrome b (MTCYB) is the only mitochon-

drial DNA (mtDNA) encoded subunit of respira-

tory Complex III (EC 1.10.2.2) and together with

core proteins I and II comprises its central compo-

nents. Complex III is located within the mitochon-

drial inner membrane and is the second enzyme in

the electron transport chain of mitochondrial oxi-

dative phosphorylation. It catalyzes the transfer of

electrons from ubiquinol (reduced Coenzyme Q10)

to cytochrome c and utilizes the energy to translocate

protons from inside the mitochondrial inner mem-

brane to outside (Gonzalez-Halphen et al. 1988).

MTCYB is a highly evolutionarily conserved, hy-

drophobic protein containing 8 or 9 transmembrane

domains and 2 heme groups (Wikstrom et al. 1981;

Saraste 1984; Esposti et al. 1993).
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The aim of this study was to detect the poly-

morphism of the domestic pigeon (Columba livia

var. domestica) MTCYB gene.

A total of 244 unrelated domestic pigeons

(177 homing pigeons and 67 non-homing pigeons)

were genotyped (Table 1). The crude DNA was

isolated from blood samples using

the MasterPureTM Kit (Epicentre Technologies).

The PCR-RFLP method was used to detect

the polymorphism. The pigeon’s MTCYB gene was

sequenced by Johnson and Clayton (2000). From

this sequence (GenBank AF182694) the following

primers were designed using Primer3 software

(http://frodo.wi.mit.edu/cgi-bin/primer3/primer3

_www.cgi):

A 999 bp (base pair) fragment of the MTCYB

gene was amplified (Figure 1). The PCR reaction

contained approx. 100 ng of genomic DNA,

15 pmol of each primer, 1.5 mM MgCl2, 200 �M

dNTP and 0.4 units Taq polymerase (EURX) in

a total volume of 20 �LS. The following cycles

were applied: denaturation – 94oC/5 min, followed

by 30 cycles – 94oC/40 s, primer anneling –

59oC/40 s, PCR products synthesis – 72oC/1 min,

and final synthesis – 72oC/4 min using a DNA

thermal cycler (Perkin Elmer Cetus Corp.).

The PCR products were digested with restriction

endonucleases (EcoRI, HindIII, MvaI, HinfI,

HaeIII, AluI, RsaI). The digestion products were

separated by horizontal electrophoresis (90 volts,

50 minutes) through 2% agarose gels (Gibco

BRL) in 1 × TBE and 1.0 �M ethidium bromide.

RFLP for MvaI was observed (Figure 1).

The PCR products were sequenced in an ABI

Prism Sequencer (Perkin-Elmer). Sequences were

analysed using the ChromasPro (v.1.22) software.

The C. livia var. domestica MCYTB gene (partial)

was sequenced from 2 individuals (a champion

racing pigeon and Polish Krymka). The sequenc-

ing was done at the Institute of Biochemistry and

Biophysics, PAS, Warsaw, Poland. DNA se-

quence of the MTCYBG allele was submitted to

the GenBank (DQ054371).

In the sequence of the MTCYB gene from

the GenBank (AF182694) the restriction site for

MvaI enzyme (5’-C C(A or T) G G-3’) does not exist

(the allele C of the MTCYB gene). In case of allele

G the restriction site for MvaI is localised in posi-

tion 593 of the MTCYB gene. The sequence align-

ments were made for two RFLP variants of

the MCYTB gene using the BLAST2 software

(http://www.ncbi.nlm.nih.gov/blast2). This analy-

sis indicates that the molecular basis of the de-

tected polymorphism is transversion C�G in

position 595 of the pigeon MTCYB gene (silent

mutation).

In this study a new polymorphism

(RFLP/MvaI) of C. livia var. domestica MCYTB

were detected. The nucleotide substitution

(CTC�CTG) leads to the silent mutation (a new

triplet codes the same amino acid, leucine). Al-

though that described mutation has no phenotypic
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Figure 1. Representative results of PCR-RFLP analysis.

Lane 1 = 100 bp DNA Ladder Plus (MBI Fermentas), lanes 2-4 =

MTCYBC, lanes 5-7 = MTCYBG, lane 8 = pUC19/MspI (MBI

Fermentas). Two alleles MTCYBC (999 bp – undigested PCR

product) and MTCYBG (592 and 407 base pair) for MTCYB/MvaI

polymorphism were detected. Frequencies of alleles were:

C = 0.926, G = 0.074 (Table 1).

CLCYTB-F 5’-TTTGGGTCCCTACTAGGCATT-3’

CLCYTB-R 5’-GAGGACAAGGAGGATGGTGA-3’

Table 1. Frequencies of MTCYB alleles in analysed

groups of domestic pigeons (all pigeons were kept in

the West Pomerania region of Poland)

Breed
Number
of birds

Allele

MTCYBC MTCYBG

Homing pigeon
(top-racing)

117 1.000 –

Homing pigeon
(control)

60 1.000 –

Non-homing pi-
geons

67 0.731 0.269

Carrier

Polish Krymka

Danzing Highflyer

Pigeon Polonais

German Barb

Fantail

German Magpie

German Highflyer

Strasser

King

2

8

8

2

4

4

5

5

15

14

0.500

0.750

0.500

–

1.000

0.250

0.200

0.800

0.867

1.000

0.500

0.250

0.500

1.000

–

0.750

0.800

0.200

0.133

–

Total 244 0.926 0.074



effect, it could be useful in phylogenetic studies of

the domestic pigeon.
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