


Utility of Sanger Sequencer based Fragment Analysis for sex identification in Vultures



Abstract:
Background:
Accurate sex determination is fundamental to avian ecology, conservation genetics, and ex-situ breeding programs. Sex differentiation is altogether difficult among monomorphic bird species owing to high resemblance and limited morphological distinguishing features. Molecular methods are the last resort as morphological and behavioural traits fail to distinguish sexes in monomorphic species.
Aim:
Utility of Sanger Sequencer based Fragment Analysis for sex identification in Vultures
Methods:  
The ZW-ZZ sex determination pattern in aves provides an opportunity to utilise the CHD (Chromodomain Helicase DNA-binding) gene as a reliable marker for the sex determination of birds. In this study, fluorescently labelled P2–P8 primers were used to amplify the CHD gene in Indian Vultures (Gyps indicus) and White-rumped Vultures (Gyps bengalensis) to identify the sex and were resolved by Capillary Gel Electrophoresis (CGE) on a Sanger Sequencer. 
Results:
The males (ZZ); whereas females (ZW) sex chromosome composition. The limit of resolution of the Agarose Gel Electrophoresis (AGE) is 10 bp, and in certain species of monomorphic birds, the existing slender difference between the CHD-Z & CHD-W is beyond the resolution capacity of the AGE. The conventional PCR-AGE failed to allocate sex identities to birds, whereas the Sanger Sequencer-based fragment analysis identified the CHD-Z and CHD-W fragments sized at 381.09 ± 0.04 bp and 385.75 ± 0.06 bp, respectively, revealing a 4 bp difference sufficient for accurate sexing. Males displayed a single CHD-Z peak, while females exhibited both peaks. The assay’s precision was further validated in Sarus Crane (Grus antigone) and Common Crane (Grus grus) samples, where a 1 bp difference between fragments was successfully resolved. 
Conclusion:
The Sanger-based CGE fragment analysis is a robust, sensitive and high-throughput approach for sexing in birds, with significant implications for conservation breeding and population management. 
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Introduction
Avifauna is known to have inspired humanity through its diversity and complex ecological roles. The services they render make them an important indicator of ecosystem health. However, in recent years, numerous avian populations have faced significant declines, largely attributed to escalating anthropogenic pressures. In South Asia, and particularly in India, habitat loss poses a major threat to wild bird populations (Sodhi & Brook, 2006). Deforestation, pollution, forest fires and rapid infrastructure development have collectively driven the local extinction of several bird species (Okorondu et al., 2022). In India, the last decade has seen a sharp decline in many bird species, including the Great Indian Bustard, Vultures, and lesser florican, to name a few. Vultures, in particular, are ecologically indispensable as scavengers and are recognised as flagship species for conservation in South Asia. Once numbering in millions, the vulture population has declined rapidly in the past few decades. Diclofenac, an NSAID (Non-steroidal Anti-inflammatory Drug), has been attributed to have caused a decline of vultures by 90% (Cuthbert et al., 2007; Galligan et al., 2021). A second school of thought attributed it to avian malaria among the vultures as a cause of rapid population decline (Poharkar et al., 2009). Recent detection of H5N1 in vulture has raised concerns among conservation workers. In response, multiple conservation strategies, including ex-situ conservation through captive breeding and reintroduction programs, have been initiated by both governmental and non-governmental organizations. The success of these programs critically depends on the appropriate procurement, sex identification, and scientific management of individual birds.
Sex identification forms the fundamental basis for avian research, conservation breeding and reintroduction initiatives. In monomorphic bird species, due to the unambiguous resemblance between the male and the female birds, molecular sex identification becomes obligatory. Unlike mammals, which follow a XY-XX sex determination system; birds have a unique ZW-ZZ sex determination system wherein the males (ZZ) are homogametic, while the females (ZW) are heterogametic. Molecular methods target regions of the sex chromosomes to detect the sex in birds. CHD is a marker widely used for sex identification in birds (Ellegren, 2000; Griffiths et al., 1998). Using the PCR assay targeting the CHD gene that is present on both the Z and W chromosomes, amplicons are generated using the PCR assay and resolved using AGE (Fridolfsson & Ellegren, 1999; Vucicevic et al., 2013). The CHD-Z and CHD-W fragments may vary from fifty base pairs to a single base pair among different species of birds. Among monomorphic birds, the CHD fragments differ from 20 bp to a single base pair; the resolution using 3% AGE may be overwhelming (Morinha  et al., 2012). The poor resolution at times provides only one band and leads to misidentification of the sex of individual birds.  
Capillary Gel Electrophoresis (CGE) in conjunction with the Sanger sequencer has emerged as an important tool for the detection of marked DNA fragments (Sanger et al., 1977). The Fragment analysis tools on-board modern Sanger sequencers like ABI 3500 provide sensitive and accurate detection of fragments, enabling sensitive and reproducible resolution of fragments that differ even by 1 base pair. Considering the opportunity, an assay with marked primers was developed and validated for the sex determination of vultures using the fragment analysis tool on a Sanger sequencer. The study seeks to establish a scalable model for sex identification, especially in monomorphic birds. 
Materials and Methods
1. Sample Collection: 
With the prior permission and request from the authorities identified in Wildlife Protection Act, 1972 blood and cloacal samples were collected from vultures under the project ‘Jatayu’ aimed at reintroduction of vultures in the natural habitat in the state of Maharashtra, India. A total of fifty six samples were collected from Indian Vultures (Gyps indicus, n=20) and White-rumped Vultures (Gyps bengalensis, n=36). Detailed of the samples collected under the study are provided under Table 1. All the sample collection procedures were carried out using aseptic technique and adhered to the ethical guidelines. The vultures were physically restrained and approximately 4 ml blood was drawn from the vultures following aseptic technique from the medial metatarsal vein using 23G scalp. The blood was transferred to EDTA vacutainers and shipped to the lab in a cool box. Blood samples from   sarus cranes (Grus Antigone, n=2) and common cranes (Grus grus, n=2) were collected from Balasaheb Thackeray Gorewada International Zoological Park, Nagpur for the identification of the sex. 
2. Sample Transport and Storage:
Blood samples were stored on ice and transported in cold condition to the lab within 4 hours of the collection. The samples were immediately processed on receipt in the lab to ensure DNA integrity. 
3. DNA Extraction and Quantification: Genomic DNA was extracted from 10 µL of whole blood using the DNeasy Blood and Tissue Kit (Mfg. Qiagen, Germany) following the manufacturer’s standard protocol for nucleated blood. The concentration and purity of the extracted DNA were measured using a Qubit 4 Fluorometer (Mfg. Thermo Fisher Scientific, USA) with the dsDNA HS Assay Kit. 
4. PCR Amplification for Sex Determination: Sex determination was carried out using a molecular marker approach targeting the Chromodomain-Helicase-DNA-binding 1 (CHD1) gene, a sex-linked gene found on both Z and W chromosomes. The primer pair P2 (5′-TCTGCATCGCTAAATCCTTT-3′) and P8 (5′-CTCCCAAGGATGAGRAAYTG-3′), as described by Griffiths et al. (1998), was used for the conventional PCR approach. For fragment analysis approach, the forward primer (P2) was labelled with a fluorescent dye (6-FAM) to enable downstream fragment analysis. In both cases, PCR was performed in a 20 µL reaction volume containing approximately 2 ng of genomic DNA, 25 pM of each primer (P2 and P8), 10 µL of 2× PCR Master Mix (including Taq DNA polymerase, 1.5 mM MgCl₂, and 200 µM of each dNTP; Thermo Scientific), and nuclease-free water to adjust the final volume. Amplification was carried out in a Veriflex® thermal cycler (Mfg. Applied Biosystems) with the following conditions: initial denaturation at 94°C for 5 minutes; followed by 35 cycles of denaturation at 94°C for 30 seconds, annealing at 50°C for 30 seconds, and extension at 72°C for 30 seconds; concluding with a final extension at 72°C for 10 minutes and a hold at 4°C.
5. Gel Electrophoresis and Visualization: Conventional PCR products were initially resolved on a 3% high-resolution agarose gel prepared in 1× TBE buffer. Gels were stained with ethidium bromide and run at 100 V for 90 minutes. Visualization was performed under a gel documentation system to confirm amplification and estimate fragment sizes.
6. Fragment Analysis and Sex Identification: For precise fragment size determination, fluorescently labelled PCR products were subjected to capillary electrophoresis using a Sanger DNA sequencer (e.g., ABI 3500 Genetic Analyzer). LIS 460 a fluorescent size marker was used for accurate sizing. Output chromatograms were analyzed using GeneMapper® (Mfg. Applied Biosystems) software to distinguish between male and female genotypes based on fragment sizes. 
7. Statistical Analysis and Documentation:
Data were analyzed using standard statistical tests, including t-tests for comparison of CHD fragment sizes. Descriptive statistics (mean, standard deviation, range, and standard error) were computed, and results were documented systematically for interpretation and presentation.
Results:
	Sr. No.
	Code
	Species
	Origin
	Blood/
Tissue
	DNA Conc. (ng/µl)
	P2-P8 method with AGE
	Detection  by Fragment Analysis (P2-P8 method)
	Sex ID

	
	
	
	
	
	
	
	Fragment 1
	Fragment 2
	

	1
	V-1
	Indian Vulture
	Gondia
	Blood
	12
	UD
	381.13
	385.88
	Female

	2
	V-2
	Indian Vulture
	Gondia
	Blood
	Too high
	UD
	381.13
	385.92
	Female

	3
	V-3
	Indian Vulture
	Gondia
	Blood
	0.526
	UD
	381.05
	---
	Male

	4
	V-16
	Indian Vulture
	Pench
	Blood
	11.6
	UD
	381
	385.87
	Female

	5
	V-17
	Indian Vulture
	Pench
	Blood
	1.6
	UD
	381.26
	---
	Male

	6
	V-19
	Indian Vulture
	Pench
	Blood
	0.984
	UD
	381.74
	---
	Male

	7
	V-20
	Indian Vulture
	Pench
	Blood
	0.634
	UD
	381.14
	385.96
	Female

	8
	V-21
	Indian Vulture
	Pench
	Blood
	12
	UD
	381.17
	385.98
	Female

	9
	V-22
	Indian Vulture
	Pench
	Blood
	Too high
	UD
	381.27
	---
	Male

	10
	V-23
	Indian Vulture
	Pench
	Blood
	11.8
	UD
	381.27
	---
	Male

	11
	V-24
	Indian Vulture
	Pench
	Blood
	10.8
	UD
	381.15
	---
	Male

	12
	V-25
	Indian Vulture
	Pench
	Blood
	Too high
	UD
	381.15
	385.99
	Female

	13
	V-31*
	Indian Vulture
	Sadar police case
	Lung DNA
	1.28
	UD
	381.27
	386.08
	Female

	14
	V-34*
	Indian Vulture
	TTC Chandrapur 
	Liver DNA
	12
	UD
	381.28
	---
	Male

	15
	Z33
	White Rumped Vulture
	Pench
	Blood
	2.30
	UD
	381.06
	---
	Male

	16
	N14
	White Rumped Vulture
	Pench
	Blood
	18.2
	UD
	381.18
	385.96
	Female

	17
	N19
	White Rumped Vulture
	Pench
	Blood
	Too high
	UD
	381.14
	385.97
	Female

	18
	N37
	White Rumped Vulture
	Pench
	Blood
	6.14
	UD
	381
	---
	Male

	19
	N45
	White Rumped Vulture
	Pench
	Blood
	2.30
	UD
	381.06
	385.97
	Female

	20
	N76
	White Rumped Vulture
	Pench
	Blood
	22.1
	UD
	381.03
	---
	Male

	21
	J101
	White Rumped Vulture
	Pench
	Blood
	Too high
	UD
	380.89
	---
	Male

	22
	J102
	White Rumped Vulture
	Pench
	Blood
	10.23
	UD
	380.96
	386.49
	Female

	23
	J103
	White Rumped Vulture
	Pench
	Blood
	4.3
	UD
	381.05
	---
	Male

	24
	F45
	Indian Vulture
	Pench
	Blood
	Too high
	UD
	380.95
	385.77
	Female

	25
	F22
	Indian Vulture
	Pench
	Blood
	8.60
	UD
	380.95
	385.74
	Female

	26
	XX82
	Indian Vulture
	Pench
	Blood
	5.5
	UD
	381.10
	385.63
	Female

	27
	X97
	Indian Vulture
	Pench
	Blood
	0.52
	UD
	381.0
	---
	Male

	28
	E98
	Indian Vulture
	Pench
	Blood
	Too high
	UD
	381.18
	---
	Male

	29
	XX72
	Indian Vulture
	Pench
	Blood
	0.89
	UD
	381.10
	385.77
	Female

	30
	V-14
	White Rumped Vulture
	Pench
	Cloacal Swab 
	20.22
	UD
	381.22
	---
	Male 

	31
	V-11
	White Rumped Vulture
	Pench
	Cloacal Swab 
	18.03
	UD
	381.09
	---
	Male

	32
	V-10
	White Rumped Vulture
	Pench
	Cloacal Swab 
	14.02
	UD
	381.11
	385.89
	Female

	33
	V-9
	White Rumped Vulture
	Pench
	Cloacal Swab 
	9.12
	UD
	381.47
	---
	Male

	34
	V-8
	White Rumped Vulture
	Pench
	Cloacal Swab 
	14.32
	UD
	381.06
	386.29
	Female

	35
	V-6
	White Rumped Vulture
	Pench
	Cloacal Swab 
	12.0
	UD
	381.47
	---
	Male

	36
	V-35
	White Rumped Vulture
	Pench
	Cloacal Swab 
	14.32
	UD
	381.11
	386.08
	Female

	37
	V-36
	White Rumped Vulture
	Pench
	Cloacal Swab 
	12.0
	UD
	381.47
	386.22
	Female

	38
	V-37
	White Rumped Vulture
	Pench
	Cloacal Swab 
	14.32
	UD
	381.06
	385.89
	Female

	39
	V-38
	White Rumped Vulture
	Pench
	Cloacal Swab 
	12.0
	UD
	381.22
	386.19
	Female

	40
	V-39
	White Rumped Vulture
	Pench
	Cloacal Swab 
	14.32
	UD
	381.06
	---
	Male

	41
	V-40
	White Rumped Vulture
	Pench
	Cloacal Swab 
	12.0
	UD
	381.45
	---
	Male

	42
	X-67
	White Rumped Vulture
	Melghat
	Blood
	16.3
	UD
	380.58

	384.38
	Female

	43
	Z-21
	White Rumped Vulture
	Melghat
	Blood
	Too high
	UD
	381.63
	---
	Male

	44
	E-96
	White Rumped Vulture
	Melghat
	Blood
	8.0
	UD
	380.59
	---
	Male

	45
	X-74
	White Rumped Vulture
	Melghat
	Blood
	11.2
	UD
	380.60
	---
	Male

	46
	Z-29
	White Rumped Vulture
	Melghat
	Blood
	28.3
	UD
	380.14
	---
	Male

	47
	F-12
	White Rumped Vulture
	Melghat
	Blood
	Too high
	UD
	381.33

	384.85
	Female

	48
	X-94
	White Rumped Vulture
	Melghat
	Blood
	7.0
	UD
	381.63

	385.05
	Female

	49
	X-52
	White Rumped Vulture
	Melghat
	Blood
	34.1
	UD
	380.71
	---
	Male

	50
	Z-16
	White Rumped Vulture
	Melghat
	Blood
	14.0
	UD
	381.62
	---
	Male

	51
	X-65
	White Rumped Vulture
	Melghat
	Blood
	27.6
	UD
	380.59
	---
	Male

	52
	X-54
	White Rumped Vulture
	Melghat
	Blood
	22.8
	UD
	380.74
	---
	Male

	53
	F-16
	White Rumped Vulture
	Melghat
	Blood
	Too high
	UD
	380.89
	---
	Male

	54
	X-64
	White Rumped Vulture
	Melghat
	Blood
	27.8
	UD
	380.59
	---
	Male

	55
	X-59
	White Rumped Vulture
	Melghat
	Blood
	23.1
	UD
	380.74

	384.45
	Female

	56
	F-14
	White Rumped Vulture
	Melghat
	Blood
	26.7
	UD
	380.74

	385.15
	Female

	57
	SC-1
	Sarus Crane 
	BTGIZP
	Blood
	Too high
	UD
	380.63
	---
	Male

	58
	SC-2
	Sarus Crane
	BTGIZP
	Blood
	Too high
	UD
	379.25
	380.75
	Female

	59
	E0881
	Common Crane 
	BTGIZP
	Blood
	Too high
	UD
	383.75
	384.75
	Female

	60
	E0401
	Common Crane
	BTGIZP
	Blood
	Too high
	UD
	383.73
	384.72
	Female


Table 1: Results of Molecular Sex Identification in Vultures and Cranes Using labelled P2–P8 Primer-Based PCR Fragment Analysis on Sanger Sequencer (Applied Biosystems 3500 Genetic Analyzer). 

This table summarizes species-wise molecular sexing results based on DNA extracted from blood, tissue, and cloacal swab samples. The amplification was initially assessed by agarose gel electrophoresis (AGE), and confirmed by capillary electrophoresis (fragment analysis). Two distinct fragments indicate a female (ZW), and a single fragment indicates a male (ZZ). 
(UD = Undetermined; BTGIZP= Balasaheb Thackeray Gorewada International Zoological Park, Nagpur; *= PM sample’, Pench = Pench Tiger Reserve, Maharashtra; Melghat = Melghat Tiger Reserve, Amravati, Maharashtra)  

	Parameter
	Indian Vulture (Gyps indicus)
	White-rumped Vulture (Gyps bengalensis)
	Overall (Both species)

	Total samples analyzed
	20
	36
	56

	Mean DNA concentration (ng/µl)
	8.9 ± 7.6 
(range 0.52–28.3)*
	15.8 ± 9.3
 (range 0.52–34.1)*
	—

	Sex identified (n)
	Female = 11 (55%) 
Male = 9 (45%)
	Female = 15 (42%) 
Male = 21 (58%)
	Female = 26 
Male = 30

	Sex ratio (M : F)
	0.82 : 1
	1.4 : 1
	1.15 : 1

	Fragment 1 (CHD-Z) mean ± SD (bp)
	381.16 ± 0.17
	381.04 ± 0.35
	381.09 ± 0.29

	Fragment 1 range (bp)
	380.95 – 381.74
	380.14 – 381.63
	380.14 – 381.74

	Fragment 1 Mean ± SE (bp)
	381.16 ± 0.04
	381.04 ± 0.06
	381.09 ± 0.04

	Fragment 2 (CHD-W) mean ± SD (bp)
	385.87 ± 0.13
	385.66 ± 0.69
	385.75 ± 0.46

	Fragment 2 range (bp)
	385.63 – 386.08
	384.38 – 386.49
	384.38 – 386.49

	Fragment 2 Mean ± SE (bp)
	385.87 ± 0.03
	385.66 ± 0.11
	385.75 ± 0.06

	T-test (Fragment 1)
	t = 1.86, p = 0.068
	—
	NS

	T-test (Fragment 2)
	t = 1.19, p = 0.253
	—
	NS


Table 2: Summary statistics of CHD (P2–P8) fragment analysis in Indian Vulture (Gyps indicus) and White-rumped Vulture (Gyps bengalensis)

The initial quality control assessment using Qubit based quantification proved that the extracted DNA was of good quality and quantity. As the DNA concentrations were found to be considerably high, the samples were diluted between 1:10 to 1:30 to have a final concentration of 2 ng / µl. The conventional PCR followed by Agarose Gel Electrophoresis (AGE) failed to resolve the CHD-Z and CHD-W fragments, resulting into a single band of approximately 400 bp in all the samples. Also, two non-specific bands were noticed (Fig. 1). In contrast, fragment analysis performed on Sanger sequencer clearly resolved two distinct peaks in female samples (corresponding to CHD-W and CHD-Z), whereas male samples consistently produced (CHD-Z) peaks. The fragment sizes corresponding to CHD-Z and CHD-W were determined to be 381.09 ± 0.04 bp and 385.75 ± 0.06 bp (Mean ± SE), respectively, indicating a size difference of approximately 4 bp between the two fragments (Fig. 2 & 3). Additionally, samples from two sarus cranes and two common cranes provided by the Balasaheb Thackeray Gorewada International Zoological Park, Nagpur, were successfully sexed, as summarized in Table 1 (Fig. 4). 
Analysis of CHD gene fragments revealed that the mean size of the CHD-Z fragment (Fragment 1) was 381.16 ± 0.17 bp for G. indicus (range = 380.95–381.74 bp) and 381.04 ± 0.35 bp for G. bengalensis (range = 380.14–381.63 bp), with an overall mean of 381.09 ± 0.29 bp. The mean size of the CHD-W fragment (Fragment 2) was 385.87 ± 0.13 bp for G. indicus (range = 385.63–386.08 bp) and 385.66 ± 0.69 bp for G. bengalensis (range = 384.38–386.49 bp), with an overall mean of 385.75 ± 0.46 bp. Statistical analysis using the independent t-test showed no significant difference in fragment sizes between the two species for either CHD-Z (t = 1.86, p = 0.068) or CHD-W (t = 1.19, p = 0.253) fragments (Table 2).
Discussion:
Sex identification and an optimum sex ratio are crucial in the conservation breeding of endangered wildlife. Vulture population declines across south-east Asia has been a great concern from wildlife conservation point of view. The sex identification in the monomorphic bird species is greatly dependent on the utilisation of PCR based assay. P2-P8 primers have been widely used in the sex identification in an array of bird species including wild birds (García et al., 2009; Fridolfsson & Ellegren, 1999; Vucicevic et al., 2013; Purwaningrum et al., 2019; Dawson et al., 2001; Griffiths et al., 1996). In monomorphic birds the CHD-Z and CHD-W fragment that is generated by the above primer pair differs in size from each other by a few base pairs. Sometimes the difference is only a few base pair and thus downstream AGE using ethidium bromide may not be able to resolve the bands. While polyacrylamide gel electrophoresis (PAGE) can provide higher resolution, it remains labour-intensive, requires toxic reagents, and demands specialized infrastructure. Under such circumstances the CGE is a very powerful, reproducible and efficient tool for accurate sex identification in birds. In conjunction with Sanger sequencer’s Fragment analysis tool, CHD fragment differing by as much as 1 base pair can be easily resolved. 
In the current study, the reliability of the Sanger-based fragment analysis system was evaluated using samples from Indian Vulture (Gyps indicus) and White-rumped Vulture (Gyps bengalensis). The species is under tremendous threat due to anthropogenic activities and habitat loss. In a conservation breeding programme underway in various parts of Maharashtra, India under project ‘Jatayu’, efforts were made to detect the sex ratio in the flocks of vultures. The conventional PCR-AGE failed to resolve the sex of the birds. Further investigation pointed out the narrow difference between the CHDZ & CHDW fragments. Hence a Sanger based approach was employed to identify the sex in these bird species. The approach screened fifty-six birds and it was found that sex identification was achieved in all the samples. The overall male: female ratio in the screened population was found to be 1.15:1, indicating a slight male bias. The CHD-Z fragment exhibited mean size of 381.16±0.17bp and 381.04±0.35 bp for G. indicus and G. bengalensis, respectively. The CHD-W fragment measured 385.87±0.13 bp and 385.66±0.69 bp. The size variation between species for both fragments was minimal and statistically non-significant (p>0.05). These findings confirm the reliability and reproducibility of the Sanger based approach for sex identification of birds having a negligible difference between the amplified fragments. An alternative approach would also be targeting the genes located W chromosome for the identification of sex in birds. A few primers targeting the CHD gene located on the W chromosome (Ellegren, 1996; van der Velde et al., 2017; Liu et al., 2011; Chang et al., 2008). The approach circumvents the size difference limitation of the CHD primers; however, failure of amplification due to technical errors, poor quality or degraded DNA may lead to the misidentification of the individual as a male. In contrast, the CHD approach has a built in confirmation of reaction success that has been widely validated across diverse avian taxa including raptors and vultures (Vucicevic et al., 2013). CHD primers like P2/P8, 2550F/2718R is highly conserved and widely standardised (Griffiths et al., 1998; Fridolfsson & Ellegren, 1999; Gruszczynska et al., 2019). Hence the approach has definite implications in sex identification in diverse taxa of birds. 
In the current study, samples from two crane species- Sarus Crane (G. antigone) and the Common Crane (G. grus) were also sex identified to validate the system. The cranes are known to possess an exceptionally small difference between their CHD fragments. The current study confirms the previous work asserting one base pair difference between the fragments. The system was able to discriminate between the males and females in all four crane samples. Interestingly, two G. grus individuals, presumed to be a pair, were both identified as males. Thus, underscoring the accuracy and practicability of the developed approach for molecular sexing. In addition, P2-P8 primers have been widely used in the sex identification of many avian species (Cerit & Avanus, 2007; Mishra et al., 2023). The labelling of primers with fluorescent dyes and using a Sanger based approach can increase accuracy and reliability of the assay manifolds.  
Overall, the study affirms that traditional morphological approaches have limited utility in the sex identification of monomorphic species. Traditional PCR-AGE assay can be limited due to limited capability to resolve fragments that differ by less than 10 bp. Integration of Sanger-based fragment analysis provides a robust and reliable framework for precise sex identification by enhancing sensitivity and throughput, making it a valuable tool in both research and conservation contexts. 
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Fig. 1: Agarose Gel Electrophoresis on 3% agarose gel showing a single band of approximately 390 bp (NSB = Non-Specific Bands). Thus unable to resolve the sex identity of the vulture samples.
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Fig. 2: Fragment analysis of vulture samples showing a single band corresponding to CHD1-Z indicating a male individual. 
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Fig. 3: Fragment analysis of vulture samples showing a two bands corresponding to CHD1-Z and W indicating a female individual. 
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Fig. 4: Fragment analysis of Common crane sample showing a two bands corresponding to CHD1-Z and W indicating a female individual. 
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