
Breeders of homing pigeons set up crosses to

obtain progenies that will be at the top places in

competition flights. For many years, artificial

selection of homing pigeons has been focusing on

spatial orientation, velocity, and endurance of

flight. The type of training influences the lactate

dehydrogenase (LDH) activity (Chaplin et al.

1997). The LDH gene family is involved in

aerobic and anaerobic metabolism, therefore it

determines muscle endurance, recovery and

aerobic capacity. The genes encode L-lactate

dehydrogenase (LDH, EC1.1.1.27), which

catalyses the interconversion of L-lactate and

pyruvate using nicotinamide adenine dinucleotide

(NAD+) as a coenzyme. The LDH isozyme

system has been studied extensively to investigate

the origin and evolution of isozymes and the

regulation of multigene families (Holmes 1972;

Markert et al. 1975; Tsuji et al. 1994). In

vertebrates, the LDH-A isozyme is best suited for

pyruvate reduction in anaerobic tissues (muscle),

whereas the LDH-B isozyme is superior for

L-lactate oxidation in aerobic tissues (Mannen et

al. 1997). Expression of vertebrate LDHA, LDHB,

and LDHC genes is developmentally regulated

and tissue-specific (Li 1998). A polymorphic site

of LDHA (HaeIII) has been identified previously

(Dybus and Kmieæ 2002). The aim of this study
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Abstract. A total of 445 domestic pigeons were genotyped for the lactate dehydrogenase (LDHA) gene. Crude

DNA was isolated from blood samples and feathers. Two polymorphic sites were identified in intron 6: one near

the splice donor site GT is called site H and the other near the splice acceptor site is called site B. Interestingly,

the nucleotide changes of both these sites associate perfectly with the A and B alleles of HaeIII polymorphism:

the A allele with nucleotide A of site H and nucleotide T of site B; while the B allele with nucleotide G of site H

and nucleotide G of site B. In this study, we have identified the molecular difference between alleles A and B of

the pigeon LDHA gene. The difference at site H in intron 6 explains the HaeIII polymorphism. The frequencies

of LDHAAB and LDHABB genotypes between the analysed groups differ significantly (P < 0.001); the LDHAA al-

lele was more frequent in the groups of pigeons with elevated homing performance (P < 0.001). The functional

difference may be due to the change at site B, the potential splice branch site. Since LDHA activity is associated

with the homing ability, it is possible that during the process of selection for the homing ability, the LDHAA allele

has been selected, and is more prevalent in the top-racing groups.
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been identified previously (Dybus and Kmieæ

2002). The aim of this study was to determine

the genotype and allele frequencies of the

LDHA/HaeIII locus in a population of 445 domes-

tic pigeons.

Biological samples were collected from

October 2003 through May 2004. A total of 445

domestic pigeons (366 racing and 79 non-homing)

from Poland and China/Taiwan were genotyped.

The analysed population was divided into four

groups (Table 1).

DNA isolation: crude DNA was isolated from

blood samples (groups I, II and IV, volume 5 � L)

using a MasterPureTM kit (Epicentre Technol-

ogies). Only in the case of pigeons from China and

Taiwan (group III), DNA was isolated from feath-

ers (Bello et al. 2001). The PCR-RFLP method

was used for detecting polymorphism in the

LDHA gene. The cDNA sequence of the LDHA

gene of Columba livia was already known

(Mannen et al. 1997; GenBank L76362). From

this sequence, PCR primers were designed to pro-

duce an approximately 410-bp amplification prod-

uct, encompassing a portion of exon 6 and 7 with

an intervening intron by using Primer3 software.

These primers were: LDHA67F 5’-TGAAG

GGGTACACATCATGG-3’ and LDHA67R

5’-CCTTCTGGATTCCCCAGAGT-3’.
The PCR reaction mixture contained approxi-

mately 80 ng of genomic DNA, 15 pmol of each
primer, 2 µL of 10 × PCR buffer, 1.5 mM MgCl2,
200 µM dNTP and 0.5 units of Taq-polymerase in
a total volume of 20 µL. The following cycles
were applied: denaturation at 94oC for 5 min, fol-
lowed by 30 cycles at 94oC for 40 s, primer anneal-
ing at 57oC for 40 s, and PCR products synthesis at
72oC for 40 s, and then final synthesis at 72oC for
5 min, using a DNA thermal cycler (Perkin Elmer

Cetus Corp.). Amplified DNA was digested with
the HaeIII enzyme (MBI Fermentas). The diges-
tion products were separated by horizontal electro-
phoresis (90 volts, 50 min) through 2% agarose
gels (PRONA) in 1 × TBE and 1.0 µM ethidium
bromide. Both strands of the about 410-bp PCR
products from 6 pigeons were analysed by the ABI
PRISM™ 377 DNA Sequencer according to man-
ufacturer’s protocols using the following two
primers: LDHA67NF 5’-ATCATGGGCTATTG

GCCTCT-3’ and LDHA67NR 5’-AAAACCTGA

GGAAGAGGA CAAA-3’. The � 2 test was used
for comparison of genotype and allele frequencies.

The following DNA restriction fragments were
observed due to the LDHA/HaeIII polymorphism:
321 and 89 bp for the BB genotype, 410, 321
and 89 bp for AB, and 410 bp (no digestion) for
AA. Molecular weight of the PCR product and the
PCR-RFLP fragments were calculated using
BioCapt MW software (version 10.02 for
Windows). The LDHAAA genotype was the least
frequent overall (Table 1). The frequencies of
LDHAAB and LDHABB genotypes differ highly
significantly among groups I-III (P < 0.001);
the LDHAA allele was more frequent in the groups
of pigeons with elevated homing performance
(P < 0.001).

To determine the molecular difference that

causes the HaeIII polymorphism, DNA sequences

of PCR products (423 bp) from one LDHAAA, three

LDHAAB and two LDHABB pigeons was analysed.

This DNA fragment contains the 168-bp long

intron 6 (Figure 1). The consensus splice donor

site (UT) and splice acceptor site (AG) are at the

ends of the intron. Two polymorphic sites have

been identified in intron 6: one near the splice do-

nor site GT is called site H and the other near the

splice acceptor site is called site B. Interestingly,

the nucleotide changes of both these sites associ-
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Table 1. Frequencies of genotypes and alleles of LDHA/HaeIII by pigeon groups

Group N
Genotype Allele

LDHAAA LDHAAB LDHABB LDHAA LDHAB

I Racing pigeons

(Control group – University loft, Poland)
145 0.007 0.117 0.876 0.065 0.935

II Top-racing pigeons

(Local breeders – Poland)
123 0.033 0.341 0.626 0.203 0.797

III Top-racing pigeons

(China and Taiwan)
98 0.092 0.255 0.653 0.219 0.781

IV Non-homing pigeons

(Polish Barb, Polish Krymka, German
Highflier, Danzig Highflier, German Pie, Car-
rier, Strasser, King, Budapestian Highflier,
Straslund Highflier, German Nun, Polish
Musian)

79 – 0.013 0.987 0.006 0.994



of site H and nucleotide T of site B; whereas the B

allele with nucleotide G of site H and nucleotide G

of site B (GenBank: allele A –DQ019875; allele B

DQ019874). The first polymorphic site is either

a guanidine or an adenine near the splice donor

site. In the case of guanidine, the B allele contains

an HaeIII site recognition sequence GGCC.

The A allele of AGCC does not. Sequence data

show that the HaeIII restriction fragments of the B

allele are 112-bp and 311-bp long, so they are con-

sistent with the restriction digest data. The second

polymorphic site is either TTAAT (UUAAU

in RNA) in the A allele or TGAAT (UGAAU in

RNA) in the B allele. Comparing to the consensus

sequence of the splice branch site,

CU(A/G)A(C/U), site B seems to be the splice

branch site. The B allele is more similar to the con-

sensus sequence. This polymorphism may affect

the splicing efficiency.

Chaplin et al. (1997) reported that the

sprint-trained birds had the highest pectoral mus-

cle LDH activity, while endurance-trained birds

had the highest peak lactate levels and fastest

half-time of the lactate response following exer-

cise, but the lowest LDH activity. Similar effects

were observed in studies carried out on sportsmen.

Decreased activity of LDH and concurrent, signif-

icant changes were observed in the proportion

of aerobic isoenzymes in long-distance and mara-

thon runners (Apple and Rogers 1986). A long pe-

riod of sprint training induces a biochemical mus-

cle adaptation to anaerobic exercise. This

metabolic adaptation is followed by a morphologi-

cal adaptation, although this is probably not as

specific as the biochemical one (Cadefau et al.

1990). With exercise, lactate uptake increases sev-

eral-fold and is nearly completely oxidized. With

exercise at 42% VO2
max, muscle lactate uptake is

2-fold higher than glucose uptake. Especially dur-

ing exercise, lactate is nearly completely oxidized.

This suggests that lactate is an important fuel for

muscular activity (Van Hall et al. 1999; Van Hall

2000). These processes may influence the velocity

and physical endurance of pigeons during

hour-long flight; variations in the structure of

the LDHA gene can diversify these traits of racing

pigeons.

In this study, we have identified the molecular

difference between alleles A and B of the pigeon

LDHA gene. The difference at site H in intron 6 ex-

plains the HaeIII polymorphism but the functional

difference may be due to the change at site B,

the potential splice branch site. This may affect

splicing activity and RNA level as well as the en-

zyme activity of the LDHA gene. Since the LDHA

enzyme activity is associated with the homing

ability, it is possible that, during the process of se-

lection for the homing ability, the LDHAA allele

has been selected, and is more prevalent in the rac-

ing groups. Its increased frequencies in the top-
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Figure 1. Sequences of the pigeon DNA fragments that contain the LDHA/HaeIII polymorphism.

Bold R indicates that both guanine and adenine are detected at the position, and bold K indicates that both guanine

and thymidine are detected at the position. Top-RP = top-racing pigeon.



racing pigeons (which originate from two differ-

ent sources – China/Taiwan and Poland) suggest

its favourable effect on homing performance.
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