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Abstract

amplification products were observed in a 3% agarose

Birds are a vertebrated group with great ecological

gel,

importance, it is estimated that 13% of species in the

corresponding to the CHD1-Z gene, while female

world are at risk of survival. Molecular monitory is an

specimens presented two bands corresponding to

indispensable tool for wild populations conservation.

CHD1-Z and CHD1-W genes. The CHD1F/CHD1R

CHD1 gene amplification through PCR has been

primer set, with the use of a touchdown PCR, allowed

commonly used for such purpose, however, it is

the differentiation between two highly homologous

essential to evaluate the primer set CHD1F/CHD1R

genes and was efficient in sexing 11 selected species

applicability in a great diversity of species. Individuals

from the Galliformes order belonging to “El Nido”

from 11 different species of the Galliformes order

aviary.

male specimens presented a single band

were sexed, with the use of a touchdown PCR, the
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interest that function as genetic markers [7]. In birds,

PCR; CHD1; Gene

the determination of sex occurs in fertilization by
inheritance of the sex chromosomes Z and W, which

Introduction

have evolved from an ancestral autosomal pair where

Birds are one of the most diverse classes of terrestrial

the W chromosome lost most of its genes and acquired

vertebrates on the planet [1], which have great

a smaller size in comparison with the Z chromosome,

ecological importance since they have occupied all

which did not change its genetic content. Due to this

kinds of functions in ecosystems such as population

reason, it is that both have a certain degree of

control, pollination and seed dispersal, interactions

homology. One of the most used genes for the purpose

with other animal species that favor survival as a

of sexing in birds is CHD1, which is well conserved in

whole and are part of the food chain [2]. Currently, it

a wide variety of species and is found on

is estimated that there are approximately 18,000 bird

chromosomes Z and W, designated as CHD1-Z and

species worldwide [3], however, 13% are at risk of

CHD1-W respectively [7,8], and It is possible to

survival, 20% of the world's birdlife is in Mexico and

amplify it by the PCR technique.

at least 392 species are endangered [4,5]. Due to its
importance, the conservation of wild populations has

For this, a series of primers are used that recognize

become necessary, thus monitoring is a very useful

conserved exonic regions of the gene and amplify a

and indispensable tool that provides information about

less conserved intron that varies in size depending on

the context under which the proposed problem is

whether it is the CHD1-Z gene or the CHD1-W gene,

developed [6]. One of the important aspects for these

thereby observing the size differences in the amplified

studies is the sexing, which allows knowing the

products of the CHD1 gene on the W and Z

proportion between the number of females and males

chromosomes for sex determination. For this, a series

of a species and thereby estimating the possibility of

of primers are used that recognize conserved exonic

maintaining

regions of the gene and amplify a less conserved intron

the

biological

continuity

through

reproduction [7].

that varies in size depending on whether it is the
CHD1-Z gene or the CHD1-W gene, thereby

Phenotypically there are two types of birds: dimorphic

observing the size differences in the amplified

birds, where the male and female have sexual

products of the CHD1 gene on the W and Z

dimorphism, and monomorphic birds, which do not

chromosomes for sex determination [7,11]. One of the

have any character that allows the male to be

primer sets most used today is CHD1F/CHD1R, which

differentiated from the female [8]. The latter are of

has been implemented in a wide variety of species and

special importance in conservation studies due to the

it can increase its efficiency by applying the

difficulty to be sexed by traditional methods [4]. For

touchdown PCR scheme, which uses a first phase of

this purpose molecular biology techniques have been

amplification where the alignment temperature is

implemented in more recent times due to their greater

gradually reduced, starting from certain temperature

specificity and higher quality in the results obtained,

until reaching an optimal [7].

since these resort to the identification of genes, or
specific nucleotide sequences within the DNA of

This protocol also has the potential to largely
overcome the problems associated with high annealing
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temperatures required for some primer–template

performed according to the touchdown PCR scheme

combinations and is particularly useful for difficult-to-

referenced in previous reports [7] (Table 2).

amplify templates, such as those with extensive
secondary structures, high % G + C islands in

The PCR products were visualized on a 3% agarose

genomes and targets from organisms with more of

gel, carried out for 90 minutes at 90 V in 1x TBS

60% G + C content [9].Touchdown PCR is a technique

buffer and subsequently revealed with ethidium

to increase the likelyhood of amplifying the product,

bromide.

starts with a very high annealing temperature that
decrease every cycle. It is usually applied if your
primers tend to bind unspecifically at temperatures
close (but lower) to the annealing temperature of the
correct positions. That way, the correct product gets a
head start.

Materials and Methods
Twenty-one blood samples were taken from 14
different species of birds, 10 of the order Galliformes
and 4 of the order Psittaciformes. Sampling was
performed by puncture in the brachial or tarsal veins
depending on the species, which were provided by the
“El Nido” aviary (Table 1) and kept in Microtainer®
(BD) tubes at 4 °C. The sex of the sampled birds was
provided and recorded during sampling, except for the
Chamaepetes unicolor and Pipile natereri species. The
DNA was extracted using the Perfect gDNA Blood
Mini Kit for Human and Animal Blood (Eppendorf).

The reaction mixture for Touchdown PCR was 25 µL
which consisted of Buffer for PCR 1x, 1 unit of
recombinant Taq DNA polymerase (Invitrogen ™),
1.5 mM MgCl2, each of the primers in final
concentration of 0.2 µM, 0.8 mM dNTP's, 1 µL of
DNA, and nuclease-free water. The amplification for
the CHD1F/CHD1R primers set of CHD1F 5´TATCGTCAGTTTCCTTTTCAGGT-3´ and CHD1R
5´-CCTTTTATTGATCCATCAAGCCT-3´
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Order

Specie

Identification Code

Galliformes

Gallus gallus

0A, 0B

Crax blumenbachii

1A, 1B

Penelope purpurascens

2A, 2B

Pauxi pauxi

3A

Lophura nycthemera

4A

Mitu mitu

5B

Chrysolophus pictus pictus

6A, 6B

Lophura nycthemera lineata

7B

Chamaepetes unicolor

8D, 8D

Pipile natereri

9D, 9D

Syrmaticus reevesii

10A

Amazona farinosa

11D

Amazona autumnalis

12D

Amazona auropalliata

13D

Ara militaris

14D

Anas platyrhynchos

15B

Anser anser

16A

Dendrocygna autumnalis

17D

Aix galericulata

18A

Buteo jamaicensis

19A*

Parabuteo unicinctus

20B*

Falconiformes

Caracara plancus

21D

Strigiformes

Bubo virginianus

22A*

Gruiformes

Grus vipio

23D

Balearica regulorum

24B

Grus canadensis

25B*

Piciformes

Ramphastos sulfuratus

26D

Passeriformes

Calocitta colliei

27D

Psittaciformes

Anseriformes

Accipitriformes

Table 1: Sampled species in “El Nido” aviary.
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Step

Temperature

Time

Initial denaturation

94 °C

4 minutes

Denaturation

94 °C

30 seconds

Annealing

57-50 °C

45 seconds

Extension

72 °C

45 seconds

Denaturation

94 °C

30 seconds

Annealing

50 °C

45 seconds

Extension

72 °C

45 seconds

Final extension

72 °C

5 minutes

Repeat for 7 cycles

Repeat for 30 cycles

Table 2: Scheme for the CHD1F/CHD1R primers set using the Touchdown PCR technique.

Results
Standardization of the touchdown PCR technique
The effect of MgCl2 concentration on the touchdown PCR reaction was evaluated, using female and male Gallus
gallus DNA, and it was observed that amplification occurred more efficiently at a final concentration of 1.5 mM
MgCl2 in the PCR reaction mixture, additionally the bands obtained using this concentration are observed with much
better definition (Figure 1).

Figure 1: MgCl2 concentration curve. A band of 400-500 bp is observed for the male of the species and two bands
of 400-500 bp and 300-400 bp for the female, banding patterns are best observed at a concentration of 1.5 mM of
MgCl2. L= HyperLadder™ (Bioline), C (-)= Negative control, gDNA= genomic DNA.
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The technique was subsequently applied using both

Crax blumenbachii species, where the amplicon

Gallus gallus DNA and DNA from the rest of the

corresponding to the CHD1-Z gene had a size greater

sampled species; it was observed that under the

than 1000 bp and the species belonging to the order

described reaction conditions. Amplification occurred

Psittaciformes, where the same amplicon had a size

from a DNA concentration of 8.3 ng/μL.

between 500-600 bp, slightly larger than that of the
birds of the order Galliformes.

Results

obtained

previously

showed

that

amplification does not occur if the touchdown PCR

In some individuals, very faint bands were observed,

scheme is not used, even if the working conditions

although they allowed adequate sexing, such as the

are the same.

female of Gallus gallus (0B), the female of
Chrysolophus

pictus

pictus

(6B),

Lophura

Results of the application of the touchdown PCR

nycthemera lineata (7B), and Amazona auropalliata

technique in birds of different species

(13D). Additionally, in three of the analyzed samples

In all the species it was observed that the males

no amplification was observed, corresponding to the

presented a single band of 400-500 bp, while the

male of Penelope purpurascens (2A), Syrmaticus

females presented two bands, one of 400-500 bp and

reevesii (10A), and Ara militaris (Figure 2).

another of 300-400 bp, the only exceptions were the

Figure 2: Results obtained for the different bird species sampled from the orders Galliforme and Psittaciforme. (a)
Normal image, (b) negative image. Identification codes can be consulted in Table 1. Species sampled in the “El
Nido” aviary. L= HyperLadder™ (Bioline), C (-)= Negative control.
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In four of the sexed species there was no clear pattern, which were Gallus gallus, Crax blumenbachii, Chrysolophus
pictus pictus, and Syrmaticus reevesii (Table 3).

Order

Identification

Phenotypic

Sex determined

code

sexing

touchdown PCR

0A

Male

Male

0B

Female

Female

1A

Male

Male

1B

Female

Female

2A

Male

ND

2B

Female

Female

Pauxi pauxi

3A

Male

Male

Lophura nycthemera

4A

Male

Male

Mitu mitu

5B

Female

Female

6A

Male

Male

6B

Female

Female

7B

Female

Female

8D

Male

Male

8D

Male

Male

9D

Female

Female

9D

Male

Male

Syrmaticus reevesii

10A

Male

ND

Amazona farinosa

11D

Female

Female

Amazona autumnalis

12D

Male

Male

Amazona auropalliata

13D

Female

Female

Ara militaris

14D

ND

ND

Species

Gallus gallus

Crax blumenbachii

Penelope purpurascens

Galliformes

Chrysolophus pictus pictus
Lophura nycthemera lineata
Chamaepetes unicolor

Pipile natereri

Psittaciformes

by

Table 3: Correlation between the sex of the birds provided and the sex determined by the touchdown PCR
technique.

Discussion

corresponding to the CHD1-Z gene was obtained,

The amplification of the CHD1-Z and CHD1-W genes

because the males have a ZZ chromosomal pair and

using the primers set CHD1F/CHD1R with the

only possess the CHD1-Z gene, females, on the other

touchdown PCR technique produced two amplicons of

hand, have a ZW pair and therefore two bands were

different sizes, which were subsequently related to the

obtained, one with a size of 400-500 bp corresponding

sex of the bird in question. Regarding the males, a

to the CHD1-Z gene and another with a size 300-400

single band with a size between 400-500 bp

corresponding to the CHD1-W gene. The agarose gel
banding patterns for the species Gallus gallus, Crax

Archives of Biochemistry and Molecular Biology

Vol. 11 No. 1 - March 2020.

023

Arch Biochem Mol Biol 2020; 11 (1): 017-026

DOI: 10.26502/abmb.010

blumenbachii, Penelope purpurascens, Pauxi pauxi,

order Pisttaciformes the same pattern of banding for

Lophura nycthemera, Mitu mitu, Chrysolophus pictus

males and females was observed, except that in the

pictus, Lophura nycthemera lineata, and Syrmaticus

case of the amplicon of the CHD1-Z gene it was

reevesii corresponded to the sex established and

slightly larger compared to the species of the order

provided by the "El Nido" aviary, demonstrating that

Galliformes, since this was located between 500-600

the present set was specific and accurate for the

bp (Error! Reference source not found.). This is

determination of sex in birds.

because the CHD1 gene, although it is highly
conserved in most birds, it presents variations in size

In the samples of the species, Chamaepetes unicolor

between species that are phylogenetically less related

and Pipile natereri, the sex of the birds was unknown

to each other.

by the aviary workers and according to the analysis of
the results obtained, the four individuals were male

This situation derives from the evolutionary process in

since only one band was observed between the 400 -

birds, where in some species the genetic information is

500 bp. In the species,

gradually modified, losing or earning nucleotide

blumenbachii,

Gallus gallus, Crax

Chrysolophus

pictus

pictus,

and

sequences, while others have retained it almost entirely

Syrmaticus reevesii the banding pattern did not occur

[10,12]. It was observed that for the male and female

properly because the amount of DNA extracted by the

of the Crax blumenbachii species the amplicon

kit method could have been in excess or in very low

corresponding to the CHD1-Z gene was larger than

concentration, thus the PCR reaction was not carried

1000 bp, indicating that the fragment amplified for this

out properly. It was considered necessary to evaluate

species differs in size compared to the rest of the

the concentration of DNA obtained by the kit before

species of the order Galliformes analyzed in the

carrying out the amplification in order to determine if

present

any previous dilution was necessary to favor the

phylogenetically related species belonging to the same

amplification [7,10,11]. Except for Gallus gallus, all

order there may be variations in the information

other species in which touchdown PCR was applied

contained in the CHD1 gene. This banding pattern had

with the primers set CHD1F/CHD1R have not been

not been reported for this particular species, thus it is

reported in previous work, demonstrating that this set

an important result that should be taken into account

can be applied to other species of birds of the order

for future studies and that increases the relevance of

Galliformes.

evaluating the applicability of the primers set

study,

demonstrating that

even among

CHD1F/CHD1R in a greater diversity of species of
In the species of the order Galliformes the males

birds, since as presented in this case, there may be

presented a band with a size between 400-500 bp with

other species with different banding patterns when

respect to the molecular size marker, corresponding to

applying this set and the touchdown PCR technique.

the CHD1-Z gene. Whereas the females presented two
bands, one of 400-500 bp corresponding also to the

In the cases of the male Penelope purpurascens (2A),

CHD1-Z

bp

Syrmaticus reevesii (10A), and Ara militaris (14D), an

corresponding to the CHD1-W gene, because it is

adequate amplification of the gene was not observed

heterozygous and therefore has both variants of the

due to a possible contamination with DNAses or

CHD1 gene. On the other hand, in the species of the

proteases that would affect the sample or the

gene

and

another

of

300-400
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amplification reaction. This situation can occur from

populations of ecological interest and supporting their

the sampling because it was not taken under controlled

conservation.

conditions to avoid microbiological contamination or
could have occurred during the extraction process or
the reagent mixture for the PCR touchdown reaction.
Of these three individuals, only Ara militaris is of
unknown sex, so it will be necessary to repeat the
procedure from DNA extraction to ensure obtaining a
result. This situation is evident in other species such as
Gallus gallus, Lophura nycthemera lineata, Pipile
natereri and Amazona auropalliata, where there was
amplification but poorly visible bands were obtained.

Conclusions
The primers set CHD1F/CHD1R through touchdown
PCR allowed the differentiation of two highly
homologous genes and was efficient for sexing
individuals of the 11 species selected from the order
Galliformes from the “El Nido” aviary. This study
opens the possibility of being able to implement it in
other bird species that are of interest for conservation
both in Mexico and in the world.

The reaction conditions for all samples were the same
but the amount of DNA extracted was different
depending on the bird and the sex of the individual in
question. The sex of 13 individuals was known; all
belonging to the order Galliformes, which when
undergoing the PCR touchdown technique had a 100%
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