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Simple Summary: Over 50% of birds are monomorphic, showing no sexually dimorphic traits and
in nestling the percentage is higher. Early sex determination can be of great value in management
of wild birds, breeding of different bird species, improvement of breeding programs of captive
birds, evolutionary studies fields, but also for bird owners. The purpose of this study was molecular
sexing of wild and companion birds from various orders, such as: Falconiformes, Accipitriformes,
Galliformes, Anseriformes, Passeriformes, Psittaciformes. Samples of oral swabs, feathers and blood
were collected from 43 birds. Conventional PCR was applied in order to amplified the CHD1-Z and
CHDI1-W genes. The obtained results show that all types of samples can be used for molecular
sexing of studied species of birds. In conclusion, instead of using blood samples, our
recommendation is to use minimally invasive samples (swab-feathers) and test both types of
samples on each bird.

Abstract: Birds are highly social and need pairing in order to increase their welfare. Most bird
species are monomorphic, therefore, molecular sexing helps to provide appropriate welfare for
birds. Moreover, early sex determination can be of great value for bird owners. The aim of this study
was to demonstrate that sex identification in birds by molecular methods, using samples collected
by minimally invasive methods is fast, efficient and accurate. A total of 100 samples (29 paired
samples of feathers - oral swab and 14 tripled samples of feathers - oral swab - blood) from 43 birds
were taken into study, as follows: wild birds (Falconiformes, Accipitriformes, landfowl — Galliformes,
waterfowl— Anseriformes), companion birds (Passeriformes, Psittaciformes — large, medium and small
size parrots). Amplification of CHD1-Z and CHD1-W genes was performed by conventional PCR.
The results obtained from feathers were compared to those obtained from oral swabs and with those
obtained from blood samples, where was the case. The obtained results show that all types of
samples can be used for molecular sexing of all studied species of birds. According to our
knowledge, the present study reports for the first time the molecular sex identification in: Red Siskin
(Carduelis cucullata) and Goldfinch (Carduelis carduelis major). For higher accuracy, our
recommendation is to use minimally invasive samples (swab-feathers) and to test both types of
samples, for each bird, instead of blood samples.

Keywords: birds; molecular sexing; minimally invasive methods

1. Introduction

The origin of the present birds dates back to about 66 million years ago, when their ancestors
survived a mass extinction event. They evolved and developed into a very large number of highly
diverse species (more than 10.000) which now are spread all over the world. Despite their great

© 2023 by the author(s). Distributed under a Creative Commons CC BY license.
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phenotypic diversity, a large number of birds are monomorphic, the sexual dimorphism being absent
(especially in chickens and juveniles) or hardly observable, even in some adults [1].

The sexual determinism in birds is chromosomal. Female birds are heterogametic, they have two
distinct sexual chromosomes Z and W (ZW), while male birds are homogametic, presenting only Z
chromosome (ZZ). The chromo-helicase-DNA binding protein (CHD1) gene, which is well conserved
and present in both sex chromosomes of all birds allowed the sex identification in the majority of
avian species [2]. More specifically, sex identification is determined by PCR reaction markers used to
amplify the homologous regions of the two genes CHD1-Z and CHD1-W. The differences between
these two genes is given by the length polymorphism of introns. The amplifications products are
presented as a single copy of gene for males (being two Z chromosomes the gene copy is usually of
identical length) and in females two copies are present due to the different length polymorphism of
genes located on Z and W chromosomes [3]. Molecular sexing in birds, based on distinctive
characteristics of birds sex chromosomes Z and W, is a non-invasive method, compared to the
classical sexing methods, that has many advantages, most important being accuracy and precision.
DNA sexing also has economic advantage, given the reduced costs of sample analysis. Molecular
sexing is considered a safe method, as collecting samples does not endanger the birds’ lives or expose
them to risk of infection. Being able to collect feather samples even moulted feathers from the nest
area is an advantage for wild birds, thus avoiding the stress of handling wild birds. Birds of all ages
can be safely sexed, especially juveniles or newly-hatched birds using oral swab-samples [4-8].

After fish, cats and dogs, birds are the fourth most common pet in the US [9,10], while in the EU,
it ranks third as the most popular pet [11,12]. In birds bred for more generations in captivity, such as
Canaries (Serinus canaria), Budgerigars (Melopsittacus undulatus), Zebra Finches (Taeniopygia guttata),
Lovebirds (Agapornis sp), Cockatiels (Nymphicus hollandicus) etc, their behavior and physiology varies
little from that of wild individuals [13].

In the present paper, we used PCR primers (P2/NP) located inside the CHD1 gene, in order to
determine their efficiency in sex identification in wild and companion birds belonging to six different
orders, such as: Falconiformes, Accipitriformes, Galliformes, Anseriformes, Passeriformes, Psittaciformes.

Psittaciformes, often known as parrots, comprise roughly 400 species and are the most popular
pet birds [14,15]. Most species of parrots are monomorphic, some species showing dysmorphic
characters only after reaching sexual maturity. For instance, male Melopsittacus undulatus parakeets
have predominantly blue nostrils, whereas females have pinkish-brown nostrils. Unfortunately,
these sexually dimorphic traits don’t appear until parakeets are 6-8 months old, when they achieve
sexual maturity [15,16].

Passeriformes represent the group of birds with the greatest diversity of species, over 6500 in total,
and many of them are monomorphic [17]. Passerines are among the most well-known of all birds due
to their diversity, abundance, and global distribution [18]. They have also played a significant role in
human culture and science. Passerines are most closely linked to parrots (Psittaciformes), which are
most closely connected to falcons (Falconiformes), according to DNA-sequence research [18].

The order Accipitriformes includes 225 species of birds of prey, mainly diurnal. They were
initially classified in the order Falconiformes, but after the new genetic researches they were
reclassified. Both in Falconiformes and in Accipitriformes males are known to be smaller than females
[19], and in rare cases plumage is a sexually differentiating feature. Sexual dimorphism does not
occur in Falco subbuteo at an early age, so it will be easier to identify the sex using a molecular method
[20].

Genetic sexing of birds has many applications in various fields such as behavioral medicine,
conservation medicine, management of wild birds, breeding of different bird species, improvement
of breeding programs of captive birds, analysis of breeding strategies of poultry, evolutionary studies
and forensic medicine [3].

The main purpose of this study was the sex identification by PCR techniques (using P2, NP and
MP primers) of the above mentioned wild and companion monomorphic birds (orders: Falconiformes,
Accipitriformes, Galliformes, Anseriformes, Passeriformes, Psittaciformes), using moderately invasive
collected samples (oral swabs and feathers) and invasively collected samples (whole blood) where


https://doi.org/10.20944/preprints202310.0327.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 October 2023 do0i:10.20944/preprints202310.0327.v1

the owners agreed to the procedure. Birds are highly social and need pairing in order to increase their
welfare. Molecular sexing helps provide welfare elements for birds by early pairing. Mating parrots
has been shown to increase their welfare, and therefore early sex determination can be of great value
to bird owners [21].

2. Materials and Methods

2.1. Sample Collection

During January-June 2023, samples of feathers, oral swabs and blood were randomly collected
from 43 wild and companion birds as follows: wild birds (Falconiformes — Falco subuteo, Accipitriformes
— Buteo buteo, Galliformes (landfowl) — Phasianus colchicus, Anseriformes (waterfowl) — Cygnus cygnus)
and companion birds (Passeriformes and Psittaciformes —large, medium and small size parrots) (Table
1). A total of 100 samples: 29 paired samples of feathers - oral swab and 14 tripled samples of feathers
- oral swab - blood were taken into de study. All the samples were collected during routine check-
ups of live birds (Galliformes, Anseriformes, Passeriformes, Psittaciformes) or cadavers (Falconiformes,
Accipitriformes) admitted to the New Companion Animals veterinary clinic of Faculty of Veterinary
Medicine, UASMYV Cluj-Napoca, Romania.

Table 1. Oral swabs, feathers and blood samples collected from wild and companion birds.

Order Species No*  Oral swabs Feathers Blood
1 1 1
3

Falconiformes Falco subbuteo
Accipitriformes Buteo buteo
Galliformes Phasianus colchicus
Anseriformes Cygnus cygnus
Taeniopygia castanotis
Chloebia gouldiae
Passeriformes Carduelis cucullata
Carduelis carduelis major
Serinus canaria forma domestica
Ara macao
Psittacus erithacus
Cacatua alba
Psittacula krameri
Psephotus haematonotus
Nymphicus hollandicus
Agapornis fischeri
Melopsittacus undulatus

Psittaciformes
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14

Legend: * - No. of tested individuals.

Two contour feathers with intact calamuses were sampled from the wings or abdominal region
of each bird. Oral swabs were collected using sterile cotton swabs (Prima, Taizhou Honod Medical
Co., Ltd., Zhejiang, China) [22]. Blood samples were collected from 10 live birds from the orders
Anseriformes and Psittaciformes by phlebocentesis of the metatarsal veins using heparinized syringes.
A total quantity of 0.2-0.3 ml of blood was collected and stored in heparin tubes. Blood samples
collected from deceased birds (n=4) from the order Falconiformes and Accipitriformes were sampled
directly from the heart, being identified post mortem in the form of blood clots. The breeders gave
consent for these procedures. All samples were collected using surgical gloves, labeled individually
and stored at —20 °C until processing.
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2.2. DNA Extraction and PCR

Genomic DNA was extracted from all samples (n=100; feathers, oral swabs and blood) collected
from birds. For all type of samples we used the same protocol. The DNeasy Blood & Tissue Kit
(Qiagen, Hilden, Germany) was used according to the manufacturer’s protocol. The feather’s calamus
was sectioned in small pieces and then subjected to mechanical destruction by high-speed shaking
with steel beads using TissueLyserll (Qiagen, US). Oral swabs were transferred to 1.5 mL Eppendorf
tubes using sterile scissors. For DNA extraction were used 25 mg of feathers/blood and the entire oral
swab. The DNA concentration was measured using a ND-1000 spectrophotometer (NanoDrop
Technologies, Wilmington, USA).

DNA was tested for the presence of specific genes CHD1-W and CHD1-Z by conventional PCR,
according to the protocol described by Ito et al. [23]. The CHD1 gene was amplified using the primers
P2 (5-TCT GCA TCG CTA AAT CCT TT-3') and NP (5-GAG AAA CTG TGC AAA ACA G-3')
(Generi-Biotech, Hradec Kralove, Czech Republic). PCR amplification was carried out in a 25 pl
reaction mixture consisting of 12.5 pl of MyTaq Red HS Mix (Meridian Bioscience, USA) and 25 pM
of each primer. Between 50 and 270 ng of DNA was used as a template. The lowest DNA
concentration was recorded from feathers. The amplification was performed in Bio-Rad C1000TM
Thermal Cycler (Bio-Rad Laboratories, Hercules, California). Cycling conditions were: 95 °C for 5
min; followed by 35 cycles consisted of: 52 °C for 45 sec, 72 °C for 45 sec, 95 °C for 30 sec. The
amplification was finished with 1 min at 50 °C and a final elongation for 5 min at 72 °C. For sex
identification in Falconiformes and Accipitriformes was used a set of three primers: P2, NP and MP (5'-
AGT CACTAT CAG ATC CGG AA-3') [23]. PCR amplification was carried out in the same condition
as the previous one.

Aliquots of each PCR product were electrophoresed on 3% agarose gel stained with RedSafe
Nucleic Acid Staining Solution 20.000x (iNtRON Biotechnology), and examined under UV light (Bio-
Rad BioDoc-ItTM Imagine System). The fragment size of DNA was compared with 100 bp DNA
ladder (Fermentas; Thermo Fisher Scientific, Waltham, Massachusetts) and assigned sex by counting
the visible bands in each lane. Females are characterized by obtaining two bands corresponding to
the CHD1-W and CHD1-Z genes, while males present only one band corresponding to the CHD1-Z
gene.

3. Results

All the samples collected from the birds (oral swabs, feathers and blood) provided a good DNA
template for molecular sex identification. Identical results were obtained from all types of samples
collected from the same bird. Molecular amplification of the CHD1 gene allowed the identification of
the 24 males and 19 females (Table 2). The gel electrophoresis of the obtained results are presented in
Figures 1 and 2.

Table 2. Results of molecular sexing of wild and companion birds included in this study.

Order Species No* Males Females
Falconiformes Falco subbuteo 1 - 1
Accipitriformes Buteo buteo 3 1 2
Galliformes Phasianus colchicus 2 2 -
Anseriformes Cygnus cygnus 5 3 2
Taeniopygia castanotis 2 1 1
Chloebia gouldiae 2 1 1
Passeriformes Carduelis cucullata 2 1 1
Carduelis carduelis major 2 1 1
Serinus canaria forma domestica 2 1 1
. . Ara macao 4 4 -
Psittaciformes Psittacus erithacus 4 1 3
Cacatua alba 1 1 -
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5
Psittacula krameri 2 1 1
Psephotus haematonotus 2 1 1
Nymphicus hollandicus 3 2 1
Agapornis fischeri 4 2 2
Melopsittacus undulatus 2 1 1
TOTAL 43 24 19

Legend: * - No. of tested individuals.

Figure 1. Molecular sex identification in Galliformes (L1), Anseriformes (L2, L3) and Passeriformes (L4-
L13). Legend: L1 - Phasianus colchicus; L2, L3 - Cygnus cygnus; L4, L5 - Taeniopygia castanotis; L6, L7 -
Chloebia gouldiae; L8, L9 - Carduelis cucullata; 110, L11 - Carduelis carduelis major; L12, L13 - Serinus
canaria forma domestica. The females (F) presented two bands (L3, L7, L9, L11, L13), while the males
(M) presented a single band (L1, 12, L4-L6, L8, L10, L12).

400 bp

300 bp

200 bp

100 bp

Figure 2. Molecular sex identification in Psittaciformes. Legend: Psittaciformes large size: L1 - Ara macao;
L2, L3 - Psittacus erithacus; L4 - Cacatua alba; Psittaciformes medium size: L5, L6 - Psittacula krameri; L7,
L8 - Psephotus haematonotus; L9, L10 -  Nymphicus hollandicus; L11, L12 - Agapornis fischeri;
Psittaciformes small size: 112, L13 - Melopsittacus undulatus. The females (F) presented two bands (L3,
L6, L8, L10, L12, L14), while the males (M) presented a single band (L1, 12, L4, L5, L7, L9, L11, L13).

Since in the samples collected from Buteo buteo (Accipitriformes) and Falco subbuteo (Falconiformes)
we failed to identify the sex with the help of the P2 and NP primers (in both males and females only
one band appeared), we retested the samples using three primers P2, NP and MP, according to the
recommendations of Ito et al. [23]. The results obtained in Accipitriformes/Falconiformes are shown in
Figure 3.
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Figure 3. Molecular sex identification in raptors Accipitriformes (L1-L8; L10-L17) and Falconiformes (L9;
L18). Legend: L1-L2 — P2/NP primer pair was used. A single band was obtained in both sexes. L10-
L18 — P2/NP/MP primers were used. The females (F) presented two bands (L10-L12, L18), while the
males (M) presented a single band (L13-L17).

4. Discussion

In an attempt to find the universal method, several molecular genetic techniques have been
tested for identifying the sex of birds, as well as many PCR markers based on CHD1 [2,24,25], ATP
synthase a-subunit (ATP5A1) [26], W-linked gene for the altered form of protein kinase C-interacting
protein (Wpkci) [27], Nipped-B homolog (NIPBL) [28], Spindlin (SPIN) [29] or RAS p21 protein
activator 1 (RASA1) genes [30]. These genes are used on the purpose to identify differences between
the homologous regions of the two Z and W chromosomes, based on the variations in the length
polymorphism of introns located in these regions [31].

In the present study we tested the efficiency of CHD1 gene amplification using the P2/NP primer
pairs [23] for sex identification in birds from different orders, such as: Accipitriformes, Falconiformes,
Galliformes, Anseriformes, Passeriformes and Psittaciformes. With the exception of Accipitriformes and
Falconiformes, the obtained results showed a percentage of 100% sex identification in wild and
companion birds by the molecular method based on the intronic length polymorphism. Similar DNA
templates were provided for the molecular sexing reactions by all types of samples, including
feathers, oral swabs and blood.

In a previous study, using the pair of primers P2/P8, the PCR success rate of sex identification in
birds classified in Columbiformes and Psittaciformes orders was 94.06% from oral swabs and 82.43%
from feathers [32]. According to the results obtained in the present study, and also by Ito et al. [23],
the P2/NP primer pairs may be able to identify the sex in more species than the P2/P8 primer pair,
since the P8 primer site is less conserved than the NP primer site.

All the Buteo buteo (n=3) and Falco subbuteo (n=1) birds included in the present study were
cadavers, therefore sex could be determined by gonad identification. We were unable to determine
the sex using the P2/NP primers because only a single band appeared in both males and females,
probably due to the small difference in size between CHD1-Z and CHD1-W [23]. According to Nesje
and Reed [20], there is just a one base difference between the two bands of female Falco subbuteo.
Thus, we retested the samples using multiplex PCR with an additional primer (P2/NP/MP), in
accordance with the recommendations of Ito et al. [23]. MP is a 3'-terminal mismatch primer which
allowed the detection of a fragment situated only on W chromosome [33]. Female-specific CHD1-W
was detected by NP/MP primers, whereas CHD1-Z was amplified by NP/P2 [23]. These primers
successfully allowed the identification of the sexes of Accipitriformes and Falconiformes included in the
present study. In both species, the females have two bands, compared to the males’ single band.

Sex can be also distinguished in birds using a molecular method, based on the amplification of
a unique sequence located on the W chromosome, regardless of intronic size variation [34]. Therefore,
a multiplex PCR, which uses in addition to the P2/P8 primer pair [2] a new PO primer specific for
CHD1-W was developed [34]. With the help of this method, several species of birds from 12 avian
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orders could be sexed, such as: Accipitriformes, Galliformes, Anseriformes, Passeriformes and
Psittaciformes [34].

A new approach to sex determination in birds may be quantitative real-time PCR (qPCR) based
on copy number variation of genes associated only with the Z chromosome (CHRNA6, DDX4,
LPAR1, TMEM161B, VPS13A for neognath species, and DOCKS, FUT10, PIGG and PSD3 for
paleognath species) and absent from the W chromosome [35]. This method has been applied to 73
species with great success, and it has been shown to be a reliable molecular sex identification tool for
birds [35].

Until now, even if remarkable research has been done in the field, no truly universally valid
marker or method has been found for the sexing of all bird species. The use of multiple markers is
advised for the efficacy of molecular sexing in birds [36], as well as the simultaneous testing of at
least two types of minimally invasive samples (feathers, buccal swab).

5. Conclusions

The present study demonstrates the applicability of all sample types (feathers, oral swab, blood)
for molecular sexing of all examined bird species. Instead of using blood samples, we advise using
minimally invasive samples as feathers and oral swabs, and testing both types of samples for each
bird for accuracy. Molecular sex identification in Red Siskin (Carduelis cucullata) and Goldfinch
(Carduelis carduelis major) has never been reported before, as far as we are aware. Because only a small
number of each species’ individuals were examined, our study was constrained. Due to the lack of
sexual dimorphism in many species and in all nestlings, as well as the absence of universal marker
that can be used across all bird species, accurate and effective sexing of birds continues to be
challenging.
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