
 

MICROSATELLITE-BASED GENETIC PROFILING FOR THE MANAGEMENT OF 

WILD AND CAPTIVE FLAMINGO POPULATIONS 

Richa Kapil, B.S 

 

 

 

Dissertation Prepared for the Degree of 

DOCTOR OF PHILOSOPHY 

 

 

 

UNIVERSITY OF NORTH TEXAS 

December 2005 

 

 

APPROVED: 
  
Robert. C. Benjamin, Major Professor 
Pamela Padilla, Committee Member 
Rollie Schafer, Committee Member 
John Knesek, Committee Member 
Earl G. Zimmerman, Committee 

Member 
Arthur Goven, Chair of the Department 

of Biological Sciences 
Sandra L. Terrell, Dean of the Robert B. 

Toulouse School of Graduate 
Studies 



Kapil, Richa. Microsatellite-based genetic profiling for the management of wild 

and captive flamingo populations. Doctor of Philosophy (Molecular Biology), December 

2005, 208 pp., 24 tables, 83 figures, bibliography, 79 titles 

Flamingo species generate tremendous interest whether they are small captive 

groups or wild populations numbering in the thousands.  Genetic pedigrees are 

invaluable for maintaining maximum genetic diversity in captive, as well as wild, 

populations.  However, presently there is a general lack of genetic data for flamingo 

populations.  Microsatellites are loci composed of 2-6 base pair tandem repeats, 

scattered throughout higher eukaryotic genomes, often exhibiting high levels of 

polymorphism and heterozygosity. These loci are thus important genetic markers for 

identity, parentage and population studies.  Here, six microsatellite loci were isolated 

from a microsatellite-enriched Caribbean flamingo partial genomic library.  Two are 

compound complex repeats and four are perfect trinucleotide repeats.  Each locus was 

amplified from Caribbean, African greater, Chilean and lesser flamingo genomic DNAs.  

Heterozygosity frequencies were calculated for Caribbean (range 0.12-0.90) and African 

greater flamingos (range 0.23-0.94) loci.  All six microsatellite loci were found to be in 

Hardy-Weinberg equilibrium and linkage disequilibrium analyses did not suggest linkage 

for any pair of two greater flamingo subspecies (African and Caribbean) loci.  At least 

five of the loci also exhibit polymorphism in Chilean and lesser flamingos, but due to 

small sample numbers, relevant allele/heterozygosity frequency calculations could not 

be estimated.   Nucleotide sequence comparisons of the amplicons derived from the 

four flamingo groups reveal a high level of sequence conservation at all loci.  Although 

small sample numbers again limit the data for lesser flamingos and to some degree for 



the Chilean birds, the sequences of the two greater flamingo subspecies were identical 

and the number of nonconserved nucleotides appears to be higher for lesser/greater 

comparisons than for Chilean/greater comparisons.  This is consistent with Chilean 

flamingos being a different species within the same genus as the greater flamingos, 

while lesser flamingos belong to a separate genus.  Parentage analyses on suggested 

African greater flamingo family groups from Disney’s Animal Kingdom’s collection were 

performed using microsatellite data.  Results confirmed many suggested family groups 

but in other cases one or more of the suggested parents were clearly excluded.  The six 

microsatellite loci isolated provide a new population management tool useful for both 

wild and captive flamingo populations.  
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CHAPTER I 

INTRODUCTION 

Biodiversity is important for healthy ecosystems and exists at several levels in 

the biological organization.  A diverse ecosystem at all levels is less susceptible to 

negative consequences caused by changes in the environment.  Species diversity in an 

ecosystem is important because different species carry out the many vital roles 

necessary for a stable functioning ecosystem.  Similarly, genetic diversity within species 

is equally important for long-term health.  All members of an ecosystem are connected 

to each other and a damaging impact on one section may have a cascade affect on 

many other sections.  To avoid negative outcomes due to decreased biodiversity it is 

important to maintain biodiversity at all levels. 

 

Declining Global Avian Populations 

Several avian species that serve important roles in their respective ecosystems 

are presently threatened with extinction.  Worldwide the number of birds is estimated to 

have experienced a 20-25% reduction since year 1500 (Şekercioğlu et al. 2004).  This 

decline has broad impacts on dependent ecosystems. If the trend of climate change, 

wide spread habitat loss and increasing numbers of invasive introduced species 

continues, avian declines and extinctions are predicted in the near future.   

Birds can be divided into six functional groups based upon the ecosystem 

services provided and their economical benefits to humans (Şekercioğlu et al. 2004).  If 

there is a loss of any of these functional groups there are negative consequences.   
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Table 1 provides a listing of the groups, their ecological roles, and the potential negative 

consequences if these services are disrupted or curtailed.   

Table 1: Ecological and economical contributions of avian functional groups (adapted 
from Şekercioğlu et al. 2004) 
 

The ecological consequence of species decline may be moderated if populations 

of functionally equivalent species increase in response.  However, many members of 

functional groups can be specialized in what they do, and these species can then be 

effectively irreplaceable.  Further complications arise from the fact that highly 

specialized and evolutionarily unique birds are more likely to decline in numbers due to 

both natural changes in their environment or human intervention.  An example of such 

specialized species is the Casuarius casuarius (southern cassowary).  This bird is found 

only in tropical forests in parts of Australia and New Zealand.  This species is in danger 

due to habitat fragmentation and is threatened with extinction (Marchant et al. 1993). 

 
Functional 
 Group 

Ecological 
process 

Ecosystem service and 
economical benefits 

Negative consequence  
of loss of functional group 

Frugivores Seed dispersal 

Remove seeds from trees; 
improve germination; economical 
yield; increase gene flow; restore 
disturbed ecosystems 
 

Seeds collect under tree which 
increases seed predation; 
reduced gene flow and reduced 
germination 
 

Nectarivores  
 Pollination 

Outbreed dependent and/or 
economically important species 
 

inbreeding and reduced fruit 
yield  
 

Scavengers Consumption  
of carrion 

Removal of carcasses; nutrient 
recycling; sanitation  
 

Slower decomposition; disease 
outbreaks 
 

Insectivores  
 

Predation on 
invertebrates 

Control of insect populations; 
reduced plant damage 
 

Loss of natural pest control; pest 
outbreaks; crop losses 
 

Piscivores 
 

Predation on 
fishes and 
invertebrates  
and production of 
guano 
 

Control unwanted species; 
deposit nutrients; soil formation in 
polar environment 
 

Loss of guano and nutrients 

Raptors 
 

Predation on 
vertebrates Regulation of rodent populations Rodent pest outbreaks; indirect 

effects 
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The extinction of this bird could negatively affect rainforest plant diversity, as its 

activities help spread the seeds of up to 150 tree and shrub species.  These birds 

swallow whole fruits and then defecate intact fruit seeds in large piles of dung.  This not 

only spreads seeds over a wide range, but the dung acts as a ready-made fertilizer that 

provides nutrients to the germinating seedlings.  Hence, the cassowary is critical to the 

continued survival of many rainforest plant species.   

Another specialized species is Gyps bengalensis (white-backed vulture), which 

was once one of the most common raptors in the Indian subcontinent (Trivedi 2001).  

These vultures have undergone a drastic population decline (>95%) in the past decade.  

In India, these vultures perform the essential task of carcass disposal.  With the void left 

by the vultures, abundant carcasses were available and populations of fast breeding 

scavengers like feral dogs, crows and rats escalated rapidly.  Dogs represent a 

particular problem because they spread rabies, which is endemic in India.  In 1997 

alone, more than 30,000 people died of rabies in India, which is more than half of the 

world’s total rabies deaths that year (Trivedi 2001).  There are four other species of 

vultures found in India, but these species are unlikely to fill the void and these now have 

also undergone a decline.  Upon investigation, the cause of death in the vultures was 

due to renal failure.  This was linked to the oral exposure of vultures to Diclofenac®, an 

anti-inflammatory drug used to treat livestock (Oaks et al. 2004).  This drug was 

introduced into veterinary science during the 1990s and became common for treating 

livestock in the Indian subcontinent.  Several species of vultures endemic to the Indian 

subcontinent are now classified as Critically Endangered by IUCN.  In attempts to 

protect the remaining vulture populations, in March 2005, the Indian Government 
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announced its support for a ban on the veterinary use of Diclofenac®.  Thus, both the 

southern cassowary and white-backed vulture are classic examples of unexpected 

complications that may arise if specialized species become extinct. 

Flamingos are the primary focus of this study.  Large wild populations of flamingo 

species are found in South America, Africa and parts of Asia.   Some smaller colonies 

are also found in Europe.  Their role in ecosystems places them in Piscivores functional 

group.   Flamingos also form attractive and popular displays at amusement parks, zoos 

and other wildlife facilities.  In this role they provide a great economic service and can 

be utilized as tools for educating the public concerning important environmental issues.  

There are five species of flamingos classified into three genera (Olson et al. 

1980).  Phoenicopterus ruber includes two distinct and geographically separated 

subspecies: P.r.ruber (Caribbean flamingo), P.r. roseus (African greater flamingo) and a 

second species, P. chilensis (Chilean flamingo).  The other species of flamingos include 

Phoeniconaias minor (lesser flamingo), Phoenicoparrus jamesi (James flamingo), and 

Phoenicoparrus andinus (Andean flamingo).   

All flamingos occur naturally in tropical or subtropical areas (Collar 2000).  The 

flamingo's most characteristic habitats are large alkaline or saline lakes or estuarine 

lagoons that commonly lack extensive shore vegetation.  This is particularly true of 

breeding sites. Lakes may be far inland or near the sea.  Flamingos are generally non-

migratory birds. However, due to changes in the climate and water levels in their 

breeding areas, flamingo colonies are not always permanent. 

Feather color varies with species, ranging from pale pink to crimson or vermilion 

(Collar 2000). Caribbean flamingos have the brightest coloration, falling into the range 
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of crimson to vermilion. The Chilean flamingo is naturally pale pink.  Feather coloration 

is derived from carotenoid pigments found in the flamingo's diet and therefore can vary 

dependant upon available food supply.  

Flamingos are social birds. Breeding colonies of a few individual flamingos are 

rare, while colonies of tens of thousands of birds are common (Collar 2000).   

Flamingos devote considerable time to collective displays before, during, and after 

breeding.  From several hundred to several thousand flamingos may be simultaneously 

involved in ritualized postures and movements that act to synchronize breeding.  Pair 

bonding between one male and one female is very strong during the breeding season. 

However, flamingos have been observed to mate with more than one partner. Some 

pairs of some species have been observed to stay together for more than one breeding 

season. 

Blue-green and red algae, diatoms, larval and adult forms of small insects, 

crustaceans, small mollusks, and small fishes make up the main diet of flamingos 

(Collar 2000).  A flamingo's pink or reddish feathers, leg, and facial coloration come 

from a diet high in alpha and beta carotenoid pigments, including canthaxanthin. The 

richest sources of carotenoids are found in the algae, various insects and crustaceans 

that make up the staples of a flamingo's diet. 

 

Conservation Status of Flamingos 

Andean and James flamingos, native to parts of South America, are included on 

the Red List by the IUCN (International Union for Conservation and Natural Resources).  

The Andean flamingo is listed as vulnerable in response to a decline in their numbers at 
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a rate estimated to be at least 30% in three generations since the mid-1980s.  Chilean, 

lesser and James flamingos are “nearly” threatened.   

The Caribbean, African greater, Chilean, Andean, and James flamingos are 

listed in CITES (Convention on International Trade in Endangered Species of Wild 

Fauna and Flora) Appendix II. This Appendix lists species that are in need of protection 

and are considered to be threatened or likely to become endangered if trade is not 

regulated.  Although they are often referred to as non-migratory, Caribbean, Chilean, 

and African greater flamingos are still protected under the U.S. Migratory Bird Act of 

1918 and occasionally birds continue to migrate to U.S. Gulf coast sites.   

 

Problems Flamingos Face 

Flamingo populations can be subject to demographic and environmental-based 

fluctuations. Inbreeding, especially as continued human development further 

encroaches on and isolates breeding colonies, is also a future concern (Boraiko 1992).  

Habitat destruction by humans has had a negative effect on the breeding and feeding 

grounds of flamingos.  Coastal desert irrigation has altered water levels in many 

flamingo habitats.  Mining of boron, lithium, nitrates, potassium, salt and molybdenum 

has also caused habitat disturbances for the flamingos.  Low-flying aircraft bringing 

tourists, bird enthusiasts and photographers into flamingo nesting and feeding grounds 

cause disturbances and affect the birds' lifestyle.  Breeding flamingos are particularly 

susceptible to disturbance and repeated incursions can lead to site abandonment. 

Flamingo species have been held in North American zoos since the late 1800s.  

The early specimens were generally not long lived, and it was not until 1937 that captive 
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reproduction (Caribbean flamingo) first occurred at Hialeah Park Racetrack, Miami, 

Florida (Shannon 2000).  No other facilities successfully bred flamingos until 1953.  

Since that time, there has been a gradual increase in the numbers of captive flocks that 

have produced offspring.  However, most of the populations of the flamingo species 

currently held in collections in North America—Caribbean, greater, Chilean or lesser—

are not self-sustaining populations (the Hialeah Park Racetrack is an exception) and 

facilities continue to rely on the periodic addition of wild-caught specimens to maintain 

them (Shannon 2000).  These periodic additions may also be from other facilities.  As a 

policy, new introductions are generally required to maintain/increase the genetic 

diversity in captive or small wild populations.   

Genetic diversity refers to the range of genotypes in a population of a particular 

species.  Loss of genetic diversity can lower the potential of populations to respond to 

environmental variables, both short term and long term (Allendorf & Leary 1986; O’Brien 

1994; Taylor et al. 1994).  Wildlife facilities work towards having self-sustaining captive 

populations.  The challenges faced with such populations, are monitoring and 

maintenance of genetic diversity. Since these are closed populations, after several 

generations, excessive inbreeding can lead to reduced genetic diversity.  In a study by 

Sawyer (2002) on roseate spoonbills, reduced genetic diversity was observed in a 

captive compared to a wild population.  The captive population had been successfully 

breeding for many generations and was self-sustaining.  Until this captive population 

was studied using microsatellites there had been no method to assess genetic diversity 

in this population.  And upon comparing microsatellite data of the captive population 

with a wild population, four of the five microsatellite loci studied had reduced 
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heterozygosities in the captive population.  Low levels of genetic variation have also 

been determined for several threatened or endangered species, including greater prairie 

chickens (Tymphanuchus cupido) (Bouzat et al. 1998), loggerhead shrikes (Lanius 

ludovicianus) (Mundy et al. 1997), and Ethopian wolves (Canis simensis) (Gottelli et al. 

1994).       

Overall, there is general lack of pedigree information on captive flamingo 

populations.  This makes it difficult to ensure that maximum genetic diversity is 

maintained.  Although birds are banded for recognition purposes, it can be difficult to 

determine parentage by simple observation.  According to a study of Caribbean 

flamingos by Shannon (2000) carried out during nesting season, not only were pairs 

observed, but also extra-pair relationships were seen to include trios and quartet 

groups.  These included several combinations of males and females.  A similar pattern 

was documented by Studer-Thiersch (1975) with greater flamingos.  These studies 

stress that simple observation cannot be used as the sole mechanism for identifying 

related birds.  Efforts to increase genetic diversity in captive populations by the capture 

of new birds from the wild go contrary to the “life boat” philosophy of modern wildlife 

facilities.  It also raises the question of how genetically different are the birds coming 

into the institution (e.g. exchanged with another institution) and increases the risk of 

disease introduction.  Thus, in order to optimally maintain a captive population today it is 

necessary to have a basic understanding of the species and your particular population 

at the genetic level (Jones et al. 2002).    
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Avian Conservation and the Role of Captive Populations 

Conservation of species that might be in danger of extinction and better 

management of species that are presently deemed safe are important tasks if we are to 

avoid the negative consequences of failure (Russello et al. 2004).  Captive breeding has 

long played a role in the conservation of many threatened and endangered species.  A 

primary goal of captive management programs is to preserve the genetic diversity of the 

wild population from which the colony’s founders were drawn.  After a captive 

population is established, the wild population is limited by the gene pool of the founders 

and any new introductions from the outside.  Therefore, captive breeding strategies are 

focused to limit the loss of genetic variation within populations.   

   

Historically Used Techniques for  
Monitoring Genetic Diversity Avian Species 

 
Captive populations of many avian species have been maintained at facilities 

throughout the world.  Until recently, efforts to estimate relatedness from genotypic data 

relied primarily on polymorphic enzyme loci (Mindell 1997).  These techniques are 

based on the principal that allelic variation exists for many proteins and thus can be 

measured by electrophoretic analysis of isozymes.   DNA profiling using hypervariable 

minisatellites, regions of DNA with polymorphisms in the number of repeated nucleotide 

sequences of around 25 base pairs in length, was used beginning in the 1990s.  These 

techniques each have technical drawbacks and hence are no longer commonly used.  

There are a limited number of polymorphic enzyme loci which can be readily evaluated 

and levels of heterozygosity can be low.  Some enzymes are better expressed in certain 

tissues therefore a number of different tissue samples may be required for a complete 
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isozyme profile.  Minisatellites are not as useful because the loci tend to be large and 

therefore PCR amplification is feasible for only a few minisatellites.  Isolation of 

minisatellites from new species can be difficult due to their low frequency of occurrence.  

Also, the mutation rate of some minisatellites is sufficiently high as to make them 

inappropriate for analyses at the scale of populations or higher (Mindell 1997).   

 

Previous Flamingo Studies 

 Many early studies of flamingos concentrated on the microorganisms found in 

flamingo-inhabited areas (Brown 1975; Curds et al. 1986; Finlay et al. 1987).  An aspect 

of flamingos that has drawn particular interest is their pink color.  As mentioned earlier, 

this is due to the carotenoid pigments in the flamingo’s diet.  A study to determine out 

how carotenoid pigments are metabolized by different birds included flamingos (Brush 

1990). 

   Several studies have involved identifying the cause of deaths in flamingo 

populations.  During year 1993, 18,500 lesser flamingo deaths were reported in Kenya. 

An investigation by Kock et al. (1999) led to the isolation of Mycobacterium avium from 

the liver and spleen of specimens.  This bacterium can cause mycobacteriosis 

(tuberculosis) in avian species.  The deaths of the lesser flamingos in this particular 

case were attributed to septicemia in birds affected by mycobacteriosis.  During the year 

1994, there were 106 African greater flamingo deaths reported in Eastern Spain.  The 

cause for these deaths was lead poisoning caused by ingestion of lead shot (Mateo et 

al. 1997). Additional studies have investigated the cause of deaths in other flamingo 

populations (Arai et al. 1991; Poyton et al. 2000; Alonso-Andioceberry et al. 2002).    



 11

Investigations of environmental pollution have included monitoring toxic trace 

elements in the flamingo habitats.  An investigation of the African greater flamingos 

found in Camargue Biosphere Reserve found the adult flamingos to have elevated 

concentrations of Cd, Cu, Pb and Se.  This was attributed to increased exposure to 

atmospheric pollutants (Amiard-Triquet et al. 1991).  Other investigations have 

demonstrated the presence of toxic trace elements in flamingos due to other sources of 

pollution in the flamingo habitats (Cosson 1981; Burger et al. 2001).   

Although a number of studies by flamingo biologists have documented flamingo 

behavior (Shannon 2000; Studer-Thriesch 2000), few studies of flamingos at the 

molecular level have been completed to date.  Flamingos have been part of molecular-

based phylogenetic studies of birds.  Storks were once thought to be the closest 

relatives of flamingos (Cracraft 1981), but recent DNA-based phylogenetic studies by 

Van Tuinen et al. (2001) show that flamingos are more closely related to grebes than 

storks.   Although all of these studies help us to better understand flamingos, there is a 

general lack of the necessary tools to address many genetic-based questions required 

for effective population management.  Beyond DNA-based sexing, a broad application 

of molecular approaches to the management of avian flamingo populations has yet to 

occur. 

 

Microsatellites 

Today the most popular class of DNA markers for conservation genetics is 

microsatellite loci (Zhang et al. 2003).  Mitochondrial DNA is also used in some studies, 

often in addition to microsatellite loci, but mtDNA has specific benefits and limitations in 
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conservation genetics.  Because mtDNA is maternally inherited, it does not provide a 

record of either the transmission of genes through male lineages or of gene flow that 

occurs through male dispersal.  A major concern of conservation biologists is the loss of 

genetic diversity in populations of endangered species, and mtDNA is at best a poor 

indicator of nuclear genetic variation (Ashley 1999).   

The discovery of microsatellites has provided a suite of loci with the potential for 

overcoming many of the disadvantages associated with traditional genetic markers used 

to estimate the relatedness among specimens in a population and to measure overall 

genetic diversity (Queller et al. 1993).  For use in intraspecific analyses, microsatellite 

markers have quickly overtaken mitochondrial and other DNA markers as the loci of 

choice. Their introduction to population-genetic studies has greatly advanced the ability 

to detect population-genetic structure, to test parentage and relatedness, to assess 

genetic diversity, and to study recent population history (Zhang et al. 2003). 

Much of nuclear DNA is highly repetitive, present in many copies either tandem 

arrays or dispersed throughout the genome (Ashley 1999).  Genomic microsatellites, 

tandem repeats commonly consisting of di-, tri- or tetranucleotide units, have been 

detected in the genomes of every higher eukaryotic organism thus far analyzed (You et 

al. 2002).  They are among the fastest evolving DNA sequences, with length mutation 

rates ranging from 10-2 to 10-5 per generation (Zhu et al. 2000).  This elevated mutation 

rate at microsatellite loci produces high levels of polymorphism.  Microsatellites also 

obey Mendelian inheritance (Zhang et al.  2003).   
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Microsatellite Mutation Models 

Microsatellite loci are known to be subject to a relatively rapid mutational change.  

Several mutation models have been proposed as explanations of how polymorphic 

microsatellites are created (Estoup et al. 2002).  The four proposed models are: 

1. Infinite Allele Model (IAM, Kimura & Crow 1964) -- under this model, a mutation 
involves an increase or decrease of any number of tandem repeats and always results 
in an allelic state not previously encountered in the population.      

2.  K-Allele Model (KAM, Crow & Kimura 1970) -- under this model, there are exactly K 
possible allelic states and any allele has a constant probability of mutation towards any 
of the other allelic states. 

3.   Stepwise Mutation Model (SMM, Kimura & Ohta 1978) --this model describes the 
loss or gain with equal probability of a single tandem repeat. 

4. Two Phase Model (TPM, Di Renzo et al. 1994) and Generalized Stepwise Model 
(GSM) -- Under the TPM, the state of the mutating allele changes by an absolute 
number of x repeat units subsequently added or withdrawn with equal probability for a 
symmetrical mutation model.  GSM corresponds to a simplified version of the TPM. 

Most studies indicate that the TPM (or the GSM) is the most realistic mutation 

model among the four described above (Estoup et al. 2002).  Computer simulations of 

mutations at microsatellite loci, for example, suggest that a single-step slippage model 

explains patterns of variation better than an infinite-alleles model (Zhu et al. 2000). 

 

Microsatellite Applications 

The mapping of higher eukaryotic genomes (human, mouse, bovine and chicken) 

has been greatly facilitated by the characterization and mapping of polymorphic 

microsatellite loci within each species.  Microsatellite loci can be quickly analyzed for 

allele identification by PCR amplification (Steffen et al. 1993) and their highly 

polymorphic nature makes them the molecular tool of choice for a diverse range of 
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studies (Primmer et al. 1998).  Microsatellite applications range from studies between 

individuals, among populations and among species (Mindell 1999).  Some studies that 

have used microsatellites for different reasons are listed below. 

1. Parentage Analysis 

In a study by Hughes et al. (2003), high levels of extra-group paternity were 

found in Gymnorhina tibicen (Australian magpies).  A previous study by Robinson 

(1956) had suggested that Southwestern magpies had large groups that included 

several nesting females.  In these groups a single despot male mated with all the 

females and restricted access by other males from within the group.  One aim of the 

study was to see if a male in a flock is actually responsible for fathering all of the 

juveniles.  Eight different microsatellite loci were analyzed. In total, 43 juveniles and 66 

nonjuveniles belonging to 18 neighboring territories were analyzed.  Microsatellite data 

indicated that one male was not responsible for fathering all of the fledglings in a group.   

2. Linkage Mapping  

In this study microsatellites were used to create a first generation microsatellite 

map of the Coturnix japonica (Japanese quail).  The Japanese quail has gained value 

as a food animal and attained economic importance as an agricultural species 

producing eggs and meat.  The Japanese quail is phylogenetically closely related to the 

Gallus gallus (domestic chicken).  Thus, the Japanese quail has been recommended as 

a model species for poultry.  As a step towards the development of a quality genetic 

map for quail, Kayang et al. (2004) performed linkage analysis of 72 microsatellites in 

10 half-sib quail families and created a quail genetic linkage map based completely on 

microsatellite markers. 
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3. Kin Selection 

In most cooperative vertebrates, delayed natal dispersal is a mechanism that 

leads to the formation of kin societies.  In this study Baglione et al. (2003) show that a 

population of Corvus corone (carrion crows) fully fits the central prediction of kin 

selection theory that cooperative breeding should arise among relatives.  In a 

cooperatively breeding population of carrion crows, helpers are either non-dispersing 

offspring that assist their parents on the natal territory or immigrants that associate with 

a territorial pair, forming stable groups that live year-round in all-purpose territories.  The 

aim of this study was to investigate pairwise relatedness among same-sex immigrants 

and resident breeders that associated on a territory.  Relatedness estimates were 

based on frequencies at six microsatellite loci.  These microsatellite markers indicate 

that males visit groups consisting of nonrelatives, but ultimately join groups where the 

breeder is related at about the half-sibling level.  The study shows that an active choice 

of relatives has a role in determining the formation of cooperative alliances in crows. 

4. Genetic Variation in a Population 

 A study was done by Bussche et al. (2003) to learn more about levels of intra- 

and interpopulation genetic variation for the Tympanuchus pallidicinctus (lesser prairie 

chicken).  Six nuclear microsatellite loci were analyzed to determine levels of genetic 

variation.  This analysis indicated that, at least in the southern portion of their range, the 

lesser prairie chickens maintained high levels of genetic variation.  And although there 

is more recent data showing a decline in the size of some populations due to habitat 

changes, this study showed that these populations still maintain levels of genetic 

variation similar to those where population numbers are stable or possibly increasing. 
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In another study, microsatellite analysis of Hippotragus equinus (roan antelopes) 

found in Africa led to suggestions for a better conservation strategy (Alpers et al. 2004).   

Microsatellite genotyping was used to measure genetic variability within and among 18 

populations of this species.  They found that within-population diversity was low to 

moderate but significant differences were found among populations.  The results from 

this study also indicated that the West African population was separate from the 

remainder of the populations studied across the African continent.   

In a third study, microsatellites were employed to examine the level of genetic 

diversity and genetic structure of a queenless ant Dicamma indicum population.  Four 

microsatellite loci were characterized and a low level of polymorphism was detected 

(Viginer et al.  2004). 

5. Designing a Management Strategy 

Microsatellite analysis was used to help design management strategies for the 

Mexican gray wolf (Canis lupis bayileyi) (Ashley 1999). This species is now extinct in 

the wild, a few wolves, known as "certified lineage," were captured from Mexico in the 

late 1970s and brought to the U.S. to initiate a captive-breeding program. The certified 

lineage, which now numbers more than 100 animals, is descended from one adult male, 

one young male and a pregnant female whose wild mate was not captured. Two other 

lineages, Ghost Ranch and Aragon, were thought to be Mexican gray wolves as well, 

but the three lineages were never interbred because of concerns about ancestry and 

hybridization with domestic dogs or coyotes in one or both of these lineages. The issue 

was to establish the purity of these lineages as Mexican gray wolves by molecular 

analysis so that “pure” lineages could be combined to increase levels of genetic 
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variation.  Microsatellite results showed that the three putative Mexican wolf lineages 

were genetically similar to each other and distinct from other gray wolves, coyotes and 

dogs. These results led to the breeding of animals from Ghost Ranch and Aragon with 

the certified lineages.  

 There are many additional investigations (Bouzat 2001; Semple et al. 2001; 

Brohede et al. 2003), which have used microsatellites as part of studies of a certain 

specie or several species.  The results from such studies increase understanding of the 

organism and can lead to better management and conservation. 

 

Microsatellite Isolation Techniques 

As noted previously the most common method used to analyze genetic diversity 

in species is by microsatellite analysis.  The most convenient way to find microsatellites 

is by screening available sequences of the species of interest.  But in many cases the 

necessary banks of sequence data are not available as was the case with flamingos.  

As microsatellites became popular some studies focused on the potential of applying 

polymorphic loci identified from one species to the study of another closely related 

species.  It was found that in most cases the loci were conserved and in many cases 

they were also polymorphic (Primmer et al. 1996).  Therefore, another method of finding 

polymorphic microsatellites is by screening known polymorphic microsatellite loci in the 

species of interest.  At the time our flamingo study began there were not many known 

microsatellite loci available in avian species and none from closely related species.  The 

best method for finding polymorphic microsatellites for this study was determined to be 

by isolation from the genome by a microsatellite enrichment protocol.  After successful 



 18

isolation of polymorphic microsatellites from Caribbean flamingos, a cross species 

amplification protocol was followed for other available flamingo species. 

A bioseparation technique previously used primarily for mRNA purification was modified 

to isolate microsatellites from genomic DNA (Gardner et al. 1999).  This technique 

utilizes streptavidin-coated paramagnetic beads that bind to biotin-labeled 

oligonucleotides designed to complement a microsatellite of interest.  Hybridization of 

size-fractionated genomic DNA to biotinylated oligonucleotides attached to streptavidin-

coated beads, allows the capture of STR-rich (short tandem repeat-rich) genomic DNA 

by magnetic separation of beads carrying bound fragments.  Genomic DNA that does 

not hybridize to the bead-bound oligonucleotides is washed from the mixture.  The 

captured genomic fragments are eluted from the biotinylated oligonucleotides and PCR 

amplified to create double-stranded products.  These are then cloned into E. coli to 

create an STR-enriched genomic library.  The STR-enriched library is screened for 

clones containing the specific microsatellites of interest. Figure 1 shows experimental 

process in a diagram form. DNA sequencing follows of clones containing microsatellites 

and primers are designed to amplify these regions from genomic DNA.  Each 

microsatellite locus is screened for polymorphism by electrophoresing PCR products 

from different specimens on polyacrylamide gels.   
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Figure 1: STR-enrichment procedure.  This is a diagrammatic representation of 
enrichment protocol up to transformation of the recombinant vectors into E. coli (Sawyer 
2002).   
 
 
 

Limitations of Microsatellite Studies 

The study on molecular evolution of microsatellites lags far behind their 

application (Zhang et al. 2003).  Although microsatellites are used extensively they have 

several limitations for certain kinds of studies.   

1.  Homoplasy can be an issue when using microsatellites for population studies.  

Homoplasy occurs when different copies of a locus are identical in state, although not 

identical by descent.  This identity in state is generated through mutation events and is 

thus related to the way mutation produced new alleles.   Homoplasy is an 

importantconsideration when assessing the phylogenetic relationships among species.  
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Doing direct parentage analysis as estimated by simple sharing/non-sharing of alleles 

between potential parents and offspring is not affected by size homoplasy and only 

depends on the number and level of variability of markers (Estoup et al. 2002).   But a 

study at a higher level needs to employ other kinds of molecular markers that produce 

complementary results (Queney et al. 2001).  

2. The selective neutrality of some microsatellite sequences (alleles) is increasingly 

questionable (Zhang et al. 2003).  There should be a cautious employment of 

conserved microsatellites (across large evolutionary distances) as neutral markers in 

population genetic studies before the reason for such conservation is understood.  

Evidence is accumulating rapidly that these simple repetitive sequences are far more 

complex than thought previously and can be functionally important (Zhang et al. 2003).  

3.  Screening a microsatellite locus sometimes yields lower heterozygosities than 

expected.  This can be due to reasons such as inbreeding, but many times it may reflect 

the presence of null alleles.  Such genotypes appear to be homozygotes, since they 

show only one band on the autoradiograph but in reality are heterozygotes with one 

visible and one null allele.  For microsatellites, such null alleles can arise, for example, 

when mutations prevent primers from binding (Brookfield 1996).   

 

Application of Microsatellites to Studies of Flamingo Populations 

In this study I worked with four different varieties of flamingos, Caribbean, African 

greater, Chilean and lesser flamingos.  As mentioned earlier, Caribbean, Chilean and 

lesser flamingos are considered “nearly” threatened according to the IUCN.  The focus 

of this study was to increase the understanding of these birds at a molecular level 
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before they become endangered.  There are examples where studies (Bussche et al. 

2003; Johnson et al. 2003; Martinez-Cruz et al. 2004) are ongoing as the population 

declines in certain bird species and we would like to avoid that in the case of flamingos.  

An international effort for the conservation of a wild population of Caribbean flamingos 

found at the Ria Lagartos Biosphere Reserve (Mexico) is in progress with several US 

Zoos and Mexican Wildlife authorities as collaborators. This conservation effort includes 

banding of Caribbean flamingo offspring each year (since 2000), and extracting blood 

for performing DNA-based sexing and other analyses of each banded bird.  As part of 

the conservation effort, we have developed microsatellite DNA markers that can be 

used for the better management of both captive and wild flamingo populations.  The 

success of long-term captive population management depends upon the accuracy of 

population genetic diversity measurement and the use of this information to maintain 

maximum diversity.  The best method to estimate genetic diversity within a species is by 

comparing DNA sequence differences at selected loci between specimens.   As 

mentioned earlier, the most popular DNA markers used for such studies today are 

microsatellites.  It is currently possible to slow the loss of genetic diversity in animal 

populations through intense management if detailed pedigrees are known and pairings 

can be controlled (Group Population Management Workshops 2002). The development 

of DNA-based breeding programs for zoos has proven to be very helpful in the 

management of a number of large carnivore populations such as cats, as well as large 

primates.  Applying this technology to captive-bred avian species is equally important 

(Group Population Management Workshops 2002), and avian wildlife biologists are 

adapting the necessary technology for these species (Sawyer 2002).  In this study we 
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have adapted STR-based DNA technology for the management and study of flamingo 

species. 

 

Research Objectives 

The overall goal of this project was to develop a DNA-typing test that can be 

used to produce genetic profiles for individual flamingos.  This will allow the 

determination of lineages within a population and provide data for evaluation of genetic 

diversity in captive flocks and/or population studies on the flamingos.  The data from this 

project will also allow additional comparisons between the flamingo species themselves 

as well as with other closely related avian species at the DNA sequence level.   

 The first objective of this study was to isolate polymorphic microsatellite loci from 

Caribbean flamingos.  These loci were then used to study a wild population of 

Caribbean flamingos found in South Mexico.  Each locus was characterized by 

complete nucleotide sequence analysis, primers and conditions for PCR amplification 

were optimized and allele frequency data collected.  This was performed for each 

flamingo variety with sufficient available samples.  For each locus this data included: 

• Number of alleles present in each population and allele size designations 

• Genotype for each bird screened 

• Observed vs. expected frequency of heterozygosity 

• Allele frequencies in each population 

• Hardy-Weinberg equilibrium probability values 

• Inbreeding coefficient values 
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The second phase of this study was to determine whether the loci were 

sufficiently conserved between species to allow for successful amplification, and, if so, 

to assess the level of polymorphism in all species for which DNA samples could be 

obtained.  It is clear that the chance of a successful cross-species amplification of any 

DNA sequence using the same primer set is inversely related to the evolutionary 

distance between the two species.  Several studies have shown that microsatellites 

isolated from various species successfully amplify the corresponding loci in closely 

related species but not in more distant species.  Also, loci polymorphic in one species 

are frequently polymorphic in the other species, too.  For example, bovine primers have 

amplified homologous loci in sheep and goat (Moore et al. 1991; Pepin et al. 1995), and 

domestic canine primers detect wolf and fox loci (Roy et al. 1994; Fredholm & Wintero 

1995).  Two studies by Primmer et al. (1996; 1998) showed that three microsatellite loci 

originally isolated from pied flycatchers and barn swallows were conserved and 

polymorphic in many other species of birds.  These studies suggest that loci that exhibit 

polymorphism in Caribbean flamingos had a high chance being polymorphic in the other 

species of flamingos.  DNA hybridization comparisons showing the five species to be 

closely related (Sibley et al. 1990) further indicated that loci polymorphic in one flamingo 

species had a high possibility of being polymorphic in another species.  Figure 2 shows 

a phylogenetic tree of how the five species are believed to be related according to the 

DNA hybridization results of the Sibley et al. (1990) study.  The polymorphic loci found 

in the Caribbean flamingos were amplified in African greater, Chilean and lesser 

flamingos.  Any of these loci that exhibited polymorphism in other species were also 

characterized in these birds accordingly. 
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The third objective was the actual application of polymorphic microsatellite 

markers to parentage analysis.  African greater flamingo samples were obtained from 

Disney’s Animal Kingdom® theme park (www.disneyworld.com).  We were provided 

with a profile for each individual that contains information regarding sex, place and date 

of birth and keeper observations regarding mating and offspring.  African greater 

flamingo samples were provided from nine “suggested” family groups.  Microsatellite 

analysis was performed on these families.  Microsatellite data was compared to the 

records and observational data collected by Disney’s wildlife personnel to determine 

whether their observations were consistent with our genetic-based findings. 

 The final objective was to compare the properties of the polymorphic loci isolated 

from Caribbean flamingos in all the flamingo species for which we had samples 

available.  At this time all molecular information available regarding flamingo species is 

from one study completed by Sibley and Alquist (1990).  According to their findings, all 

flamingo species are closely related (Figure 2).  We completed DNA sequence 

comparisons of the homologous microsatellite loci from each species (including the 

adjacent flanking regions).  DNA sequence comparisons demonstrated a high level of 

conservation of the amplicons between the four species.  Sequence variations indicated 

that mutation events had occurred since species separation.  There was enough 

specimen data for the African greater and Caribbean flamingos to perform comparisons 

between number of alleles and levels of heterozygosities at each locus.   This 

comparison demonstrated that some loci in the African greater flamingos had higher 

heterozygosities and numbers of alleles.  Information gathered from these loci 
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comparisons, can be included in future studies, where these loci are studied in 

additional species of birds as done by Primmer and Ellegren (1996; 1998).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2:  Phylogenetic tree of relationships among the flamingos.  This tree is derived 
by the Fithch-Margoliash method (Adapted from Sibley et al. 1990).  In this study, the 
five flamingo species are categorized in one genus (Phoenicopterus) instead of the 
more common division into three genera. 
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CHAPTER II 

MATERIALS AND METHODS 

Bacterial Strains and Plasmids 

Escherichia coli DH5α™ (supE44, hsdr17, recA1, endA1, gyrA96, thi-1 and 

relA1) (Sambrook et al. 1989) was the bacterial strain used for all the cloning in this 

project.  The plasmid vector used was pBluescript® II SK (-).  All E. coli stocks were 

kept in 40% glycerol at -75 ° C for long-term storage.   

 

Biological Media and Growth Conditions 

Growth Media used in this project were Luria Betani (LB) broth and LB broth 

plates. One liter of LB broth was prepared by adding 10.0 g of Bacto® tryptone, 5.0 g of 

yeast extract, and 10.0 g of sodium chloride to a total volume of one liter and adjusted 

to pH 7.5 (Sambrook et al. 1989).  Eight grams of agar was added per 500 mL of LB 

broth to make solid media.  For DH5α™ carrying ampicillin-resistant plasmids, ampicillin 

at a concentration of 50 μg/mL was also added to the media. 

 

Long Term Storage of Cultures 

Bacterial strains were stored at -75 °C. Prior to storage each strain was grown 

overnight in a shaker incubator at 37 °C and 250 rpm in a 5 mL LB broth tube 

(Sambrook et al. 1989). If plasmids were present in the strain, the antibiotic ampicillin 

(at 50 μg/mL final concentration) was used during the overnight incubation to maintain 

selection for the plasmid. Each overnight culture was adjusted to 40% glycerol by 

mixing 500 μL of sterile 80% glycerol with 500 μL of the culture. After a thorough mixing 
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by repeated inversion, the tubes were placed in an ethanol bath at -75 °C for quick 

freezing, then at -75 °C for long-term storage.  

 

Bird Coding 

The flamingo samples utilized in this study were obtained from various wildlife 

authorities.  The Caribbean flamingo samples were from a wild population found in Ria 

Lagartos Biosphere Reserve (RLBR), Mexico.  All Caribbean flamingos came with 

identification codes that were assigned by the reserve.  For convenience our laboratory 

assigned a UNT identification number for the Caribbean flamingos.  RLBR identification 

codes for the Caribbean flamingos with UNT IDs can be found in Appendix B Table 18.  

African greater and lesser flamingos were obtained from Disney’s Animal Kingdom.  

The Disney codes and UNT IDs can be found in Appendix B Table 19.  Chilean 

flamingos were obtained from Dallas Zoo, and their codes from the zoo and UNT IDs 

can be found in Appendix B Table 15. 

 

DNA Isolation from Liquid Flamingo Blood 

DNA from birds can be obtained from both red and white blood cells since both 

are nucleated (Sawyer 2002). A sample of 5 μL of blood was placed into a 1.5 mL 

microcentrifuge tube.  Fifty microliters of cold Lysis Buffer (0.32 M sucrose, 5.0 mM 

MgCl2, 1% Triton X-100, 10.0 mM Tris-HCl, and 5 mM EDTA) was added to the sample 

and the sample was mixed well.  The tube was left on ice for 20 min to allow the blood 

cells to completely lyse.  The tube was then centrifuged at 2800 rpm in a 4 °C Sorvall 

HSC10K microcentrifuge for 10 min.  The supernatant was removed and discarded.  
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Fifty microliters of lysis buffer was added and the tube vortexed briefly to resuspend the 

pellet.  The tube was then left on ice for 5 min.  The sample was centrifuged at 2800 

rpm for 10 min and the supernatant removed.  Next, 400 μL of Digestion Buffer (0.075 

M NaCl, 0.024 M Na2EDTA) was added and the sample vortexed thoroughly.  The 

recovered nuclei could be stored frozen at this point if desired.  

Next, 20 μL of 20% SDS (sodium docecyl sulfate) and 16 μL of 10 mg/mL 

Proteinase K were added and the tube mixed well by inversion.  The sample was then 

incubated at 50 ° C for 2 h.  If the pellet did not break up during this time, further 

incubation was allowed for up to 16-18 h.  During incubation, the tube was periodically 

vortexed to assist in the breaking up of the pellet.  Once the pellet was completely 

broken up and into solution, 600 μL of 6 M NaClO4 was added and the tube mixed well 

by vortexing for 10 min.     

  Protein inactivation and removal was accomplished by adding 600 μL water-

saturated phenol containing 0.1% 8-hydroxyquinoline. The samples were mixed 

thoroughly and then centrifuged at 10,000 rpm for 2 min.  The phenol was removed and 

600 μL of Extraction Reagent (25 volumes phenol, 25 volumes chloroform and 1 volume 

isoamyl alcohol) added.  The tube was again mixed well.  The tube was then 

centrifuged at 10,000 rpm for 2 min.  The supernatant was removed and collected in a 

new 1.5 mL microcentrifuge tube.  Next chloroform/isoamyl alcohol (24:1) was added to 

the supernatant collected from previous step and the tube inverted well to mix its 

contents.  This tube was then centrifuged at 10,000 rpm of 2 min to separate the 

phases.  The supernatant was transferred to a new 1.5 mL microcentrifuge tube and 66 

μL of 3.0 M sodium acetate (pH 5.2) plus 350 μL ice-cold 100% absolute ethanol was 
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added to precipitate the DNA.  The tube was vortexed well and centrifuged for 10 min at 

10,000 rpm at 4 °C.  The 100% ethanol supernatant was very carefully removed with a 

pulled out Pasteur pipette and discarded.  The DNA was often visible as a white pellet 

at this time.  Next 500 μL ice-cold 70% ethanol was added and the tube gently inverted 

to remove residual salt from the DNA and the tube was centrifuged at 4 °C for 5 min at 

10, 000 rpm.  The 70% ethanol was removed with a pulled out Pasteur pipette and the 

DNA pellet then dried in a Speed Vac™ (Savant Instruments) vacuum concentrator for 

2-3 min.  The dried pellet was resuspended in 500 μL ddH2O (sterile water).  Extensive 

vortexing was performed to completely resuspend the pellet.  The concentration and 

quality of the reduced DNA was determined by spectrophotometric analyses. Ten 

microliters of the sample was placed in 1 mL of ddH2O and the absorbance of the 

sample determined over a range of 220-320 nm using Beckman DU-40 

spectrophotometer.  An absorbance was read against a ddH2O standard at 260 nm 

(scan from 220 nm to 320 nm).  The DNA concentration was calculated from the A260 

(1 absorbance unit = 50 μg/mL double-stranded DNA) and the dilution factor (100X).  

The DNA was then labeled and stored at -20° C until further use. 

 

DNA Isolation from FTA Cards 

Chilean flamingo samples were obtained from the Dallas Zoo.  These samples 

were blood drops on FTATM cards.  DNA isolation from blood on FTA cards was carried 

out in a slightly different way as compared to the method described previously for liquid 

blood.  A small portion (5 mm2) of the FTATM card with a blood drop was incubated in a 

mixture of the following: 
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20 μL 10X Bird STE2 (1 M NaCl, 200 mM Tris and 2 mM EDTA) 

20 μL 20% SDS 

20 μL Proteinase K 20 mg/mL (New England Biolabs) 

140 μL ddH2O 

200 μL total volume 

This mixture was incubated at 56 °C over night.  This was followed by a 

phenol/chloroform extraction and ethanol precipitation as in the protocol mentioned 

above.  The final pellet was resuspended in 100 μL of sterile water and the DNA 

concentration was determined as described above. 

 

DNA-based Sex Determination  

Two different primer sets were used for sex typing in this study.  The first sex 

identification test employed the P8 (5’-CTCCCAAGGATCAC-RAAYTG-3’) and P2 (5’ -

TCTGCATCGCTAAATCCTTT-3’) primers designed by Richard Griffith et al. (1998).  

PCR amplification (Sambrook et al. 1989) was carried out in a total volume of 10 μL.  

These products were analyzed by polyacrylamide gel electrophoresis for adequate band 

separation.   

PCR setup using P2 and P8 primer sets 

2 μL of DNA (5-10 ng/μL) 

1 μL Fisher Assay Buffer 10X 

1 μL 2.5 mM dNTPs 

1 μL P2 (5 μM)  

1 μL P8 (5 μM) 
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0.05 μL Taq Polymerase 5 U/μL (Fisher) 

3.95 μL ddH2O 

10 μL total volume 

Tubes were subjected to: 3 min at 94 °C (added 0.5 μL Taq polymerase after 2 min at 

94 °C), 45 s at 60 °C, 1 min at 72 °C, 45 s at 94 °C, 45 s at 60 °C, 45 s at 72 °C, 39 

times; 5 min at 72 °C, one time and maintained at 4 °C until further use. 

The second technique was easier and quicker in terms of time and effort.  This 

sex identification test employed 2550F (5’-GTTACTFATTCGTCTACGAGA-3’) and 

2718R (5’-ATTCAAATCATCCAGTGCTTC-3’) primers (Fridolfsson et al. 1999).  The 

samples were electrophoresed on 2% agarose gels and the different bands could be 

visualized.   

PCR setup using P2550 and P2718 primer sets 

2 μL of DNA (5-10 ng/μL) 

1 μL PCR Buffer 10X (Fisher) 

1 μL 2.5 mM dNTPs 

1 μL P2550 (5 μM)  

1 μL P2718 (5 μM) 

0.05 μL Taq Polymerase 5 U/μL (Fisher) 

3.95 μL ddH2O 

10 μL total volume 

Tubes were subjected to: 3 min at 94 °C.  Then the primer annealing temperature was 

decreased by 1°C every cycle from 60 °C to 50 °C, continuing with 30 cycles at the 50 
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°C annealing temperature, followed by 5 min at 72 °C, and finally a constant hold at 4 

°C. 

 

Phenol Extraction and Ethanol Precipitation 

 Phenol and ethanol extractions were performed many times during this project 

(Sambrook et al. 1989).  The quantities of reagents used in this protocol are for samples 

with volumes less than 100 μL.  The volume of the sample was brought up to a 100 μL 

with sterile water and 100 μL of water-saturated phenol containing 0.1% 8-

hydroxyquinoline was added.  The sample was vortexed well and centrifuged for 3 min 

at 10,000 rpm.  The phenol was removed and the step above was repeated.  Next 11 μL 

of 3.0 M sodium acetate plus 350 μL of cold 100% ethanol was added the sample was 

mixed well and centrifuged at 4 °C at a speed of 10,000 rpm for 10 min.  The 

supernatant was removed and 500 μL of cold 70% ethanol solution was added.  The 

sample was inverted once and centrifuged at 4 °C at a speed of 10,000 rpm for 5 min.  

Then again the supernatant was removed and the DNA pellet was dried in a 

SpeedVac™ for 2 min.  The DNA pellet was resuspended in X μL of ddH2O.   

 

Agarose Gel Electrophoresis Using  
Tris Boric Acid EDTA Buffer (TBE) 

 
 For PCR-amplified products of less than 600 bp, a 2% agarose solution was 

used (Sambrook et al. 1989).  An agarose gel form was created using masking tape to 

seal the ends of an acrylic gel tray.  A comb containing the necessary amount of teeth 

was placed at one end of the tray at a perpendicular angle.  The agarose gel solution 
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was then prepared by heating combination of agarose and 1X TBE (5.4 g Tris base, 

2.75 g boric acid, 2.0 mL 0.5 M EDTA, pH 8.0 in 1 L ddH2O) in a microwave. The melted 

solution was poured into the tray until the teeth of the comb were approximately 3/4 

covered.  When the gel had cooled to produce a solid slab, the comb was carefully 

removed and the gel was placed in the electrophoresis chamber with the wells at the 

negative electrode end.  The chamber was then filled with 1X TBE enough to submerge 

the gel.  Each DNA sample was mixed with an appropriate amount of 5X loading buffer 

(25% glycerol, 0.5% SDS, 0.1% bromophenol blue, 0.1% xylene cyanol FF, 50 mM 

EDTA) and placed into a well.  Electrophoresis was performed at 4-6 V/cm (e.g. 80 V in 

a 17 cm-long chamber) for 1.5 h or until the desired distance of migration was attained.  

The gel was then placed in an ethidium bromide (EtBr) staining solution (0.5 μg/mL in 

ddH2O) for 10 min, followed by 5 min in distilled water to remove the excess EtBr.  The 

gel was then transferred to a UV transilluminator and the DNA fluoresced under UV 

irradiation while being digitally photographed with the Kodak Digital Science 

(Electrophoresis Documentation and Analysis System 120, Limited Edition Kodak EDAS 

120, LE). 

 

Agarose Gel Electrophoresis using Sodium Boric-Acid Buffer  

During the course of this project our laboratory identified an article published in 

Biotechniques by Brody and Kern (2004) describing a sodium boric acid buffer for DNA 

electrophoresis which was Tris-free.  This buffer was less expensive than TBE and 

carried much less current per volt, allowing for higher voltage use during electrophoresis 

without loss of resolution.  SBA consisted of 10 mM NaOH, pH adjusted to 8.5 with boric 
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acid. SBA gels were electrophoresed at 10-25 V/cm (17cm gel, 250 V).  Gels were 

otherwise prepared and processed similar to TBE gels. 

 

Preparing DNA for STR Enrichment 

DNA (1μg) from five different flamingos (total 5 μg of DNA) was combined and 

digested with Tsp509I (New England Biolabs) at 65 °C for 16 h in a total volume of 30 

μL (Sawyer 2002). 

Restriction digestion components: 

3 μL 10X New England Biolabs Buffer #1 

3 μL Tsp509I 10 U/μL (New England Biolabs) 

12 μL DNA (1 μg from five different birds, total 5 μg) 

12 μL ddH2O 

30 μL total volume 

 Phenol extraction and ethanol precipitation were performed to free DNA of residual 

enzyme.  The final DNA pellet was resuspended in 16 μL of sterile water.  This DNA 

then was then combined with 4 μL of 5X loading dye (25% glycerol, 0.5% SDS, 0.1% 

bromophenol blue, 0.1% xylene cyanol and 50 mM EDTA).  The entire sample was 

electrophoresed on a 1% low melting point agarose gel in 1X TAE (Tris-acetate EDTA) 

buffer at 40 V for 1.5 h.   A size standard of pBR322 plasmid digested with HinfI was 

loaded in lanes adjacent to the samples.  Gel regions corresponding to fragments 

between 200-1200 bps were excised and weighed.  GELase™ Agarose Gel-Digest 

Preparation (Epicenter) was used to release DNA fragments from the agarose (Sawyer 

2002).   One microliter of GELase™ Buffer was added for each 50 mg of agarose gel.  
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Gel slices routinely weighed approximately 300 mg.  Therefore, approximately 6 μL of 

GELase™ Buffer (50X) was added per sample.  The DNA-containing agarose with 

buffer was then melted at 70 °C for 5 min. The dissolved gel sample was further 

incubated at 45 °C for 5 min.  Two microliters of GELase™ enzyme was added and the 

sample was next incubated at 45 °C for 5 h.  A phenol extraction and ethanol 

precipitation was performed and the recovered DNA was resuspended in 50 μL of 

ddH2O.  Linkers designed by Greg Sawyer (Figure 3) and synthesized by Biosynthesis 

Inc. were ligated to the digested DNA fragments as described below.  

 

Oligonucleotide Linker Preparation 

Oligonucleotide linkers were designed for ligation to genomic DNA restriction 

fragments and to contain a binding site for PCR amplification obtained from 

Biosynthesis, Inc. A kinase reaction was performed on these linkers to attach a 

phosphate group to the 5’ ends.   

Kinase reaction components (Sambrook et al. 1989): 

5.2 μL 1.5 nmol S63 (Oligonucleotide linker with the restriction site) 

2.5 μL 10X Polynucleotide Kinase Buffer (New England Biolab) 

2.5 μL of 20 mM ATP 

1.2 μL T4 Polynucleotide Kinase (12 units) (New England Biolab) 

17.3 μL ddH2O 

25 μL total volume 

This mixture was incubated for 1 h at 37 °C.  Then the kinase reaction was terminated 

by a10 min incubation at 75 °C to denature the enzyme. Next, 1.5 nmol of S61 primer 
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was added and allowed to anneal with the kinased oligonucleotide.   This was 

accomplished by heating the mixture to 80° C allowing the tube and its contents to 

slowly cool from 80° C to room temperature.  After the S63/S61 hybrid linkers were 

formed, they were ligated to Tsp509I-digested DNA.  The reaction was set up as follows 

and incubated at 16 °C overnight.   

50 μL Size-fractionated Tsp509I-digested DNA 

10 μL Kinased S61/S63 hybrid linker 

20 μL 5X Ligation Buffer (NEB) 

5 μL DNA ligase (NEB) 

15 μL ddH2O 

100 μL total volume 

After the incubation, the ligation was purified by passing the sample through a 

Sephacryl S-400 column.  The recovered product was phenol/ethanol treated and 

resuspended in 37 μL of ddH2O.  

  

Spun Column Chromatography  

Spun-column chromatography is a technique where the larger molecules are excluded 

from the holes in the matrix beads while the migration of smaller molecules is inhibited 

(Sambrook et al. 1989).  The Sephadex™ G-25 was used to purify end-labeled 

oligonucleotides, the exclusion limit is 10 bp and the Sephacryl® S-400 was used to 

remove any primer dimers from PCR products the exclusion limit is 271 bp. The 

Sephadex™ G-25 first was equilibrated at 65 °C in TE buffer for 1-2 h.  Fibers of 

sterilized glass wool were packed up to the 0.1 mL mark of a 1 mL disposable syringe.  
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The Sephadex beads were then added to the syringe followed by centrifuging at 2200 

rpm in Sorvall’s T6000B (swinging bucket rotor) for 5 min.  S-400 (pre-equilibrated with 

20% ethanol) was packed by centrifugation at only 800 rpm in order to avoid crushing 

the beads.  If the beads did not reach between 0.9 and 1.0 mL in the syringe then the 

more beads were added to reach between 0.9-0.1 mL.  Once this had been achieved 

100 μl of TE buffer was added and the column was centrifuged for 5 min at 2400 rpm.   

The TE buffer was collected at the bottom in a decapped microcentrifuge tube. This 

washing step was then repeated.  To further “clean” the column the ligation mix was 

brought up to a total volume of 50 μL with TE buffer.  This was placed onto the column 

and the column centrifuged at 2400 rpm for 5 min.  The flow through recovered in a 

decapped microcentrifuge tube and then pipetted into a capped tube for further use.   

 

S63 5’ AATTCGAAGCTTGGGGTCTCTGGCC  3’ 

S61  3’     GCTTCGAACCCCACACACCGG  5’ 

 

 

 

Figure 3:  S63 and S61 DNA linkers.  These linkers were attached to size-fractionated 
flamingo DNA.  S63 has an AATT overhang which binds to complementary overhangs 
of the size-fractionated Tsp509I cut DNA. 

 

 

PCR Amplification of DNA/linker Constructs 

  The DNA with the attached linkers was PCR amplified to increase the 

concentration of the fragments.  
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PCR setup 

37 μL of DNA-linker ligation 

5 μL 10X PCR Buffer (Fisher) 

4 μL S61 primer (5 μM) 

3 μL dNTPs (2.5 μM) 

1μL Taq Polymerase 5 U/μL (Fisher) 

50 μL total volume 

Tubes were subjected to: 3 min at 94 °C, 45 s at 60 °C, 1 min at 72 °C, 45 s at 94 °C, 

45 s at 60 °C, 45 s at 72 °C, 39 times; 5 min at 72 °C, one time and maintained at 4 °C 

until further use.   

 

STR Capture Using Biotinylated Oligonucleotides  
and Paramagnetic Beads 

 
MagnaSphere® Paramagnetic Beads (Promega) are useful tools to selectively 

enrich a DNA sample for sequences complementary to a synthetic capture-

oligonucleotide.  The capture-oligonucleotide has a molecule of biotin covalently linked 

to its 5’ end.  The MagnaSphere® beads have streptavidin covalently linked to their 

surface.  Streptavidin binds to biotin with an extremely high affinity.  Therefore, 

incubating biotin-linked oligonucleotides with the streptavidin coated beads binds the 

capture-oligonucleotides to the beads nearly irreversibly.  By using different capture-

oligonucleotides, the beads can specifically bind a variety of DNA sequences via simple 

hybridization (complementary base paring).  We utilized capture-oligonucleotides 

composed of simple 3 base repeat sequences (Figure 4) to bind genomic DNA 

fragments encoding short tandem repeats (microsatellites).  
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 The paramagnetic beads were stored at 4 °C.  Magnetic particles were provided 

by the manufacturer suspended in PBS, 1 mg/mL BSA and 0.02% NaAzide. The beads 

collected at the bottom of the tube during storage and thus a quick shaking action was 

applied to resuspend the beads.  A 100 μL volume of well-resuspended beads was 

transferred to a 0.5 mL microcentrifuge tube.  The beads were washed three times with 

300 μL of 0.5X SSC (20X SSC: 175.3 g NaCl, 88.2 g sodium citrate, pH 7.0). A 

magnetic stand was provided by Promega in which a tube containing beads can be set. 

The beads are attracted to one side of the tube, allowing the removal of solutions from 

the tube without the loss of any of the beads.  After washing with 0.5X SSC, the beads 

were resuspended in 100 μL 5X SSC containing 200 pmol of biotin-labeled capture- 

oligonucleotide (biotin-STR).  In order to increase numbers of STR-encoding fragments 

isolated, two capture oligonucleotides were utilized for each procedure and the process 

performed in duplicate (total of four capture oligonucleotides used per occasion).   

  

STR 3 biotin-(GAT)9 

STR 6 biotin-(GCA)9 

STR 8 biotin-(CCT)8 

Figure 4:  Biotin-labeled STR oligonucleotides 

Capture 1 (biotin-labeled STR 3 and STR 6) 

2 μL STR 3 (200 pmol) 

2 μL STR 6 (200 pmol) 

71 μL ddH2O 

25 μL 20X SSC 
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100 μL total volume 

Capture 2 (biotin-labeled STR 6 and STR 8) 

2 μL STR 6 (200 pmol) 

2 μL STR 8 (200 pmol) 

71 μL ddH2O 

25 μL 20X SSC 

100 μL total volume 

Each mixture was allowed to hybridize at room temperature for 15 min with a shaking 

action of the tube at regular intervals. This step allowed the beads to hybridize with the 

biotin-labeled STR capture-oligonucleotide.  Hybridization was followed by three 

washes with 100 μL of 5X SSC.  These washes were performed to remove any 

unbound capture-oligonucleotide.  Next, Hybridization Solution was prepared (4 % PEG, 

0.5 M NaCl) and incubated at 55 °C to prewarm the solution before its actual use.  The 

washed bead-STR mixture was resuspended in 50 μL of 1X Hybridization Solution and 

incubated at 55 °C.  Ten microliters of the PCR reaction containing amplified linker 

attached DNA was used for each set up.  This amount was transferred to a 

microcentrifuge tube and 30 μL of 1X Hybridization Solution and 2 μL of oligonucleotide 

S61 (10 pmol/μL) was added.  This mixture was denatured at 95 °C for 3 min and 

immediately added to the beads suspended in 1X Hybridization Solution (already 

incubating at 55 °C).  The DNA/beads/Hybridization Solution mixture was incubated at 

55 °C for 1 h with periodic shaking.  The beads were then washed with 2 X SSC with 10 

pmol of S61 (60 μL 20X SSC, 6 μL S61, 534 μL ddH2O) three times at room 

temperature.  Next, beads were washed with 1X SSC with 10 pmols of S61 but this was 
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done at the hybridizing temperature of 55 °C.  These washings were done to remove 

any DNA that was weakly bound to the beads.  

 

Elution of Putative STR Fragments 

Now the task in the experiment was to elute the STR fragments from the beads 

and collect them.  After the washing was completed 20 μL of 0.15 M NaOH was added 

to the beads and incubated at room temperature for 20 min (Li et al. 1989).  In this step 

any STR fragments that were attached to the beads/oligonucloetides could now be 

denatured and become free from the beads.  The supernatant containing DNA/NaOH 

was withdrawn from the tube and transferred to a new microcentrifuge tube.  The 

magnetic stand was used for this step.  Then 1.3 μL of acetic acid and 2.2 μL of 10X 

TE, pH 7.6 were added to the tube and the DNA was ready to be purified via the Bio-

Rad column. 

 

  Bio-Rad Column DNA Purification 

The Bio-Rad column came with a small filter that acts as a column and can fit 

into a 1.5 mL microcentrifuge tube.  First 400 μL of sterile water was added to 50 μL of 

the sample recovered from the previous step.  Then this 450 μL mixture was added to a 

Microcon filter-fitted 1.5 mL microcentrifuge tube.  The microcentrifuge tube was 

centrifuged for 5 min periods at 4000 rpm until approximately 50 μL of sample remained 

in the Microcon.  The filter was then carefully taken out and fitted at the top of another 

microcentrifuge tube inverted.  Upon centrifugation this allowed the sample to be 

recovered in the microcentrifuge tube.  The tube was centrifuged at 10,000 rpm for 3 
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min.  Approximately 50 μL of STR-enriched DNA was recovered after the Bio-Rad 

column purification technique.  

  

DNA Amplification and Digestion 

The recovered DNA was then PCR amplified. Five PCR reactions from each STR 

capture were set up, where 10 μL of the DNA was used in a 50 μL PCR reaction. Since 

there were two STR captures there were a total of 10 PCR reactions. 

5 μL PCR Buffer 10X (Applied Biosystems) 

2 μL 25 mM MgCl2 

4 μL 2.5 mM dNTPs 

3 μL 30 pmol S61  

10 μL column-prepared STR-enriched DNA 

25.5 μL ddH2O 

0.5 μL Taq Polymerase 5 U/μL (Applied Biosystems) 

50 μL total volume 

Tubes were subjected to: 3 min at 94 °C (0.5 μL Taq polymerase added after 2 min at 

94 °C), 45 s at 60 °C, 1 min at 72 °C, 45 s at 94 °C, 45 s at 60 °C, 45 s at 72 °C, 39 

times; 5 min at 72 °C, one time and maintained at 4 °C until further use. 

 All PCR products were ethanol precipitated and resuspended in 21 μL of ddH2O.  

In order to confirm successful PCR amplification 5 μL of this product was 

electrophoresed on a 2 % agarose gel.  Upon verification of successful amplification a 

restriction enzyme digest was set up for each PCR reaction. 

2 μL Buffer 1 (New England Biolabs) 
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1 μL Tsp509I 10 U/μL (New England Biolabs) 

17 μL of ethanol-precipitated STR-enriched DNA  

20 μL total volume  

This digestion was incubated at 65 °C for 4 h.  The sample was then phenol/ethanol 

treated and resuspended in 10 μL of sterile water.  This digestion removed the linkers 

from the STR-enriched DNA. 

 

DNA Ligation Transformation into E. coli 

Next, this STR-enriched DNA was ligated into vector pBluescript (SK-) for 

transformation into E. coli competent cells (Sambrook et al. 1989).  The vector was 

digested with an enzyme chosen such that it had overhangs complementary to the 

target DNA.  The digested vector was treated with calf intestinal phosphatase to remove 

5’ phosphate groups and reduce plasmid re-circularization without an inserted DNA 

fragment.  Three micrograms of pBluescript (SK-) was digested and dephosphorylated 

for use in this project.  The plasmid was digested with restriction enzyme EcoRI. 

Restriction digestion components 

4.8 μL pBluescript (SK-) 0.62 μg/μL 

2 μL EcoRI Buffer 10X (New England Biolabs) 

2 μL EcoRI enzyme 10 U/μL (New England Biolabs) 

11.2 μL of ddH2O 

20 μL total volume 

This mixture was incubated at 37 °C for 3 h.  After the digestion the vector’s 5’ termini 

were dephosphorylated using calf intestine phosphatase (CIP). 
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20 μL EcoRI-digested pBluescript (SK-) 

33 μL ddH2O  

4 μL 10X EcoRI Buffer (New England Biolabs) 

1 μL CIP enzyme 5 U/μL (New England Biolabs) 

60 μL total volume. 

This reaction was incubated at 37 °C for 1 h.   The plasmid was then phenol/ethanol 

treated and resuspended in 60 μL of sterile water, giving a final plasmid concentration of 

50 ng/μL.   

A total of 20 ligations were set up using 5 μL of STR-enriched/Tsp509I-digested 

DNA per ligation.   

5 μL DNA (STR-enriched) 

4 μL CIP-treated vector pBluescript (SK-) 50 ng/μL 

8 μL ddH2O 

2 μL 5X Ligation Buffer (New England Biolabs) 

1 μL  DNA Ligase 5 U/μL (New England Biolabs) 

20 μL total volume 

Ligations were incubated at 16 °C for 16 h and then stored at - 20 °C until further use. 

Five microliters of the ligation was transformed into 200 μL of competent cells DH5α™.  

The tubes containing competent cells were taken out of - 80 °C storage and were left on 

ice to thaw.  Then 5 μL of ligation was added to each tube and the mixture was heat 

shocked for 2 min at 40 °C.  Immediately following this 1 mL of LB broth was added to 

each tube and the cells were allowed to grow at 37 °C at 250 rpm in a shaker incubator 
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for 45 min.  Next, the cells were centrifuged briefly (30 s) and the supernatant was 

discarded.  The cell pellet at the bottom of the microcentrifuge tube was “broken up” 

with the help of a micropipettor.  Before spreading the transformed cells on LB/Amp 

plates, 50 μL of 2% X-gal (25.0 mg 5-bromo-4-chloro-3-indoyl-beta-D-galactosidase 

dissolved in 1.25 mL N,N-dimethylformamide) and 10 μL of 100 mM IPTG (isopropyl-

beta-D-thiogalactopyranoside) were spread on the plate.  This was done to aid 

distinguish between transformed colonies containing cloned DNA fragments and 

colonies with nonrecombinant plasmids.  The entire cell suspension was plated and 

incubated for 12-16 h at 37 °C.  The plates were then checked for the presence of white 

colonies.  Each white colony had plasmid with target DNA inserted into the multiple 

cloning site.  All recombinant white colonies from each plate were transferred to 

LB/AMP master plates in preparation for membrane lifts.  Four pairs of master plates 

were created with a total of 400 white colonies.  Master plating was done by the use of 

sterile toothpicks and the simple touch and streak method.  A sterile toothpick was 

touched lightly on the positive colony and the adhering cells sequentially transferred to 

two master plates (the second plate served as a replica).  Once the master plates were 

made, they were incubated at 37 °C for 12-16 h.  The master plates were then ready to 

be screened.  Figure 5 shows the grid that was used to create master plates. 

 

Master Plate Membrane Lifts  

Colony/Plaque ScreenTM Hybridizing Transfer Membranes (NENTM Life Science 

Products) were used to take membrane lifts from one replica plate for each set of 

master plates.  Replica plating was performed to allow further study of colonies of 
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interest following identification by the screening procedure (Sambrook et al. 1989).  

Hybridization Transfer Membranes (NEN Life Science Products) were used to remove a 

representative amount of colonies from an agar plate by placing a dry membrane on a 

pre-chilled plate (1 h at 4 °C) for 2 min. During the incubation period, a 21-guage needle 

was dipped into India ink and used to place a series of holes around the perimeter of 

the membrane and plate.  This was done allow for correct alignment of the membrane 

and plate as required later in the experiment. To denature the DNA, the membrane was 

placed with the DNA side facing up in a 0.75 mL pool of 0.5 N NaOH for 2 min.  Placing 

the membrane on thick filter paper for 10 s blotted off excess fluid. Then the membrane 

was transferred to a fresh 0.75 mL pool of 0.5 N NaOH for 2 min, then again blotted on 

filter paper for 10 s. This alkaline membrane was then neutralized by transferring to a 

0.75 mL pool of 1.0 M  

 

Figure 5:  Master plating grid.  A copy of this grid was placed under Petri dishes being 
used to create master plates.  Single colonies were transferred into each box.   
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Tris-HCl, pH 7.5 for 2 min, followed by blotting for 10 s. This was repeated once more 

with 1.0 M Tris-HCl. The membrane was allowed to completely dry at room temperature 

for 12-16 h which was done to fix the DNA before being subjected to hybridization with 

radioactive probes. 

 

Radioactive Hybridization Probes 

Radioactive probes were created by transferring γ-P32 dATP to the 5’ ends of 

oligonucleotides using polynucleotide kinase (Sambrook et al. 1989).  Probes were 

created for each sequence used for STR capture.  In this case 3 different probes were 

created, STR 3, STR 6, and STR 8 (Figure 4).  

 Kinase reaction components 

2 μL oligonucleotide (5 pmol/μL) 

2 μL 10X PNK buffer (New England Biolabs) 

5 μL γ-P32dATP 6000 μCi/mmol (25 μCi) 

10 μL ddH2O 

1 μL T4 PNK (10 U/μL) (New England Biolabs) 

20 μL total volume 

This mixture was incubated at 37 °C for 1 h.  Each probe was purified from the 

unincorporated nucleotides by size exclusion spun column chromatography using 

Sephadex G-25. 
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Membrane Hybridization 

Nylon membranes with bound DNA were hybridized to determine whether an 

STR region of interest was present in transformants (Sambrook et al. 1989).  The 

hybridization solution consisted of 80.0 mL 50% PEG, 30 mL 20X SSPE (3 M NaCl, 0.2 

M NaH2 PO4, 0.02 M EDTA), and 276 mL of 10% SDS.  The hybridization tubes were 

large cylinders, (TechneTM part number FHB11), that rotated in a temperature controlled 

chamber, the TechneTM Hybridizer HB-1D.  The nylon membranes were soaked in 2X 

SSC (20X SSC: 175.3 g NaCl and 88.2 g sodium citrate in 1 liter ddH2O).  The 

membrane was then placed into a hybridization tube containing 10 mL hybridization 

solution per membrane. The membrane and hybridization solution were allowed to 

incubate at 55 °C, for 30 min. A minimum of 1 million counts per min (cpm) of each 

probe was added in a total volume of up to 50 μL ddH2O.  End-labeled oligonucleotide 

probes were heated to 100 °C for one minute before adding directly to the hybridization 

tube.  Each hybridization was allowed to proceed for 16 to 20 h.  After the appropriate 

incubation period was complete, the excess hybridization solution and probe were 

poured into a radioactive waste bottle. The membrane was transferred to a plastic tray 

containing 200 mL of wash solution and this was allowed to rock gently back and forth. 

The wash solution consisted of 2.5X SSC and 0.1% SDS. Two washes were performed 

at room temperature for 10 min, after which the membrane was placed on a sheet of 

filter paper and scanned with a hand-held survey (Geiger) meter. If the edges of the 

membrane were below 100-200 cpm, the radioactive background from non-specific 

binding of the probe was considered to be low enough to wrap the membrane in plastic 

wrap and expose it to film (14 cm x 17 cm BioMax MR high-speed film) for 
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autoradiography. If the background was considered to be too high, the membrane was 

washed in pre-warmed wash solution at the hybridization temperature for 10 min.  This 

time was increased if needed. When a membrane was to be hybridized with a second 

probe, or re-hybridized at a later date, the bound probe was removed by washing at 

80°C for 20 min in stripping solution (0.1X SSPE, 0.5% SDS).  

Autoradiography was performed on the membranes using Kodak’s 14 cm x 17 

cm BioMax MR high-speed autoradiography film sandwiched in an aluminum six-point 

clamping cassette (Sambrook et al. 1989).  Routinely the exposure time was 5-6 h, but 

would be continued longer as the isotope proceeded through its half-life.  The films were 

processed by an automated developer (ALL-PRO 100), that contained the developer, 

fixer, water wash and dryer units combined.  Colonies hybridizing well with the 

radioactive probe were observed as dark spots on the autoradiographs.  Aligning the 

India ink marks on the membrane to the corresponding marks on the replica plates 

properly aligned the two and identified the original/positive colonies.   

 

Alkaline Lysis Plasmid Isolation 

Positive-hybridizing colonies were then prepared for a rapid plasmid isolation 

protocol.  This technique was adapted from Birnboim and Doly (1979).  Bacterial cells 

from an isolated colony were inoculated into a culture tube containing 5 mL of LB broth 

with 50 μg/mL ampicillin. The tube incubated for 12-16 h in a shaker incubator at 37 °C 

and 250 rpm.   A 1.5 mL aliquot of the culture was transferred to a sterile 1.5 mL 

microcentrifuge tube and the tube was centrifuged at 10,000 rpm for 1 min. The 

supernatant was poured off and an additional 1.5 mL aliquot of the same culture was 
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added to the microcentrifuge tube. The tube was again centrifuged at 10,000 rpm for 1 

min. Most of the supernatant was removed by aspiration with a drawn-out Pasteur 

pipette. The bacterial cell wall was then lysed by the addition of 100 μL ice-cold Solution 

A (50 mM glucose, 10 mM EDTA, 25 mM Tris-HCl, pH 8.0, 6 mg/mL lysozyme). The 

sample was vortexed well and incubated at room temperature for 5 min. Two hundred 

microliters of freshly prepared Solution B (0.2 N NaOH, 1.0% SDS) was then added and 

mixed by inversion 3-4 times. This was followed by 5 min incubation on ice. One 

hundred fifty microliters of ice-cold potassium acetate (approximately pH 4.8) was 

added to the tube and the contents mixed by inversion 3-4 times. The tube was stored 

on ice for 5 min, centrifuged at 10,000 rpm for 5 min at 4 °C. The supernatant was 

transferred to a new sterile microcentrifuge tube and a phenol extraction and ethanol 

precipitation was performed as described in the DNA isolation protocol.  The DNA pellet 

was resuspended by thorough vortexing in 40 μL of TE buffer (pH 8.0) with heat-treated 

RNase A at 25 μg/mL.  The isolated plasmids were then ready for nucleotide sequence 

analysis.  

 

Plasmid DNA Cleanup with CentriSepTM Column  
for Automated Sequencing 

 
The plasmid DNA was cleaned using a CentriSepTM column (Princeton 

Separations).  The column was gently tapped to insure that the dry gel settled to the 

bottom of the spin column.  The cap of the column was removed and 800 μL of sterile 

water added.  The cap was replaced and the column was inverted several times to 

hydrate the gel.  The column was allowed to hydrate at room temperature for 30 min.  

Air bubbles had to be removed by tapping before the column could be used.  The gel 
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was allowed to settle to the bottom of the column.  The top column cap and the bottom 

column end stopper were both removed.  Excess fluid was allowed to drain into a Wash 

Tube (2 mL).  The fluid collected in this Wash Tube was discarded.  The column was 

then centrifuged at 3000 rpm for 2 min to remove remaining fluid.  The column was held 

up to the light and 20 μL of plasmid DNA solution was transferred to the top of the gel (5 

μL of plasmid DNA isolate and 15 μL of sterile water).  The sample was placed in the 

center of the gel.  The column was placed into a Sample Collection Tube (1.5 mL) and 

both were placed into a centrifuge.  The column was centrifuged at 3000 rpm for 2 min.  

The purified sample was collected in the bottom of the Sample Collection Tube.  This 

sample was dried in a Speed Vac® (Savant Instruments) for 25 min and then was 

resuspended in 100 μL of ddH2O.  This plasmid preparation was ready for sequencing. 

 

Automated DNA Sequencing Using a Model 377 ABI Sequencer 

The clean plasmid DNA was sent for sequencing using standard primers for 

plasmid pBluescript SK(-), M13 Forward Primer and M-40 Reverse Primer.  Figure 6 

shows an electropherogram.    

 

Sanger Manual DNA Sequencing Reactions   

Some of the isolated plasmids were sequenced manually by the 

dideoxyribonucleotide mediated chain-termination method as described by Sanger et al. 

(1977).  Four micrograms of plasmid DNA (7 μL of rapid plasmid preparation) was 

placed into a 0.6 mL microcentrifuge tube.  Twenty-three microliters of sterile ddH2O 

was then added to the sample.  This DNA mixture was denatured by adding 4 μL of 
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freshly made 2 N NaOH (800 mg in 10 mL ddH2O) and incubated for 5 min at room 

temperature.  This sample was ethanol precipitated.  The sample was then dried using 

Speed Vac for 5 min.  The DNA pellet was resuspended in 10 μL of the sequencing 

primer (1 pmol), 5X reaction buffer, and water solution.  The primer was annealed to the 

template by incubating the mixture at 37 °C for 45 min. 

During the primer/template incubation, sets of "termination tubes" were prepared 

for each sample.  Each set consisted of four 0.5 mL microcentrifuge tubes, labeled with 

the clone number and color coded, orange, green, blue, yellow, to represent G, A, T or 

C, respectively. 

2.5 μL of ddGTP termination mix added to the G tubes.  (orange) 

2.5 μL of ddATP termination mix added to the A tubes.  (green) 

2.5 μL of ddTTP termination mix added to the T tubes.   (blue) 

2.5 μL of ddCTP termination mix added to the C tubes.   (yellow) 

 

Figure 6:  Electropherogram of clone 1-46a nucleotide sequence. 
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The labeling solution was prepared for a set of 12 templates by combining the following 

in a 0.5 mL microcentrifuge tube. 

13.0 μL DTT (0.1M) 

22.8 μL ddH2O 

5.2 μL dGTP labeling mix    

6.5 μL α-35 S-dATP            

47.5 μL total volume 

After the 45 min incubation, 3.5 μL of the labeling solution was added to each of the 

annealed primer/template tubes.  The Sequenase (Version 2.0) enzyme was diluted 8- 

fold in a 0.5 mL microcentrifuge tube using the Sequenase Dilution Buffer as outlined 

below.  The quantities shown are sufficient for sequencing 12 samples. 

21.5 μL Sequenase dilution buffer 

1.7 μL pyrophosphatase 

3.3 μL Sequenase 

26.5 μL total volume  

The diluted Sequenase was added to each of the tubes containing annealed 

primer/template mixtures using a timed protocol.  Each template received 2 μL diluted 

Sequenase and was allowed to incubate at room temperature for 4 min.  A 3.5 μL 

aliquot of each template/ Sequenase mixture was then immediately added, and mixed 

well by repeated pipetting, to each of the four (G/A/T/C) termination tubes, which were 

pre-warmed to 37 °C in a water bath.  The termination tubes were incubated at 37 °C for 

20 min to allow the dideoxyribonucleotides to randomly incorporate into the growing 

DNA strands.  Four microliters of a formamide-based stop solution and loading dye was 
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added to each of the G/A/T/C tubes.  Each tube was briefly centrifuged and then stored 

at -20 °C until ready for use. 

 

Denaturing Polyacrylamide Electrophoresis 

The sequencing reactions were analyzed using denaturing polyacrylamide gels 

(Sambrook et al. 1989).  The assembly process (Sanger & Coulson 1978) began with 

thoroughly cleaning two glass plates (52cm x 41cm x 0.6 cm).  These were laid on four 

large stoppers and cleaned thoroughly with glass cleaner, then with 95% ethanol and 

allowed to dry completely. Both plates were coated on one side with a thin layer of 5% 

dichlorodimethylsilane dissolved in heptane.  Two to three coats were necessary to 

insure that the plates were fully covered.  The plates were allowed to completely dry 

(approximately 5 min), and gently wiped with Kimwipes® before completing the cassette 

assembly.  The silination treatment was performed in a vented hood to prevent 

inhalation of the potential carcinogen. 

One of the glass plates was positioned on top of the other so that they were 

offset by about 13 mm (1/2 inch) lengthwise, with the siliconized sides facing each 

other.  The plates were separated on the two long sides by 51 cm x 13 mm x 0.25 mm 

Delrin® spacers.  On each side, 4-5 medium-sized binding clips were used to hold the 

plates together.  A third spacer (about 45 cm x 7 mm x 0.25 mm) inserted in the bottom 

of the cassette (the bottom of the cassette later became the top of the gel when it was 

placed into an electrophoresis stand) was clamped with 4 large binding clips.   

A funnel was constructed across approximately one-third of the top of the 

cassette with warmed (kept at 37 °C) Plastocene® (or modeling clay).  It was molded to 
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be slightly higher at the outside edge and tapered off as it approached the center of the 

cassette.  The funnel reduced spillage of acrylamide and helped avoid the formation of 

air bubbles as the solution entered the cassette.  A 6% polyacrylamide, 7 M urea, 

sequencing gel solution was prepared as follows: 

42.4 g urea 

20 mL of 30% acrylamide/1% bisacrylamide 

10 mL 10X Sequencing Gel Buffer  

X mL ddH20 (needed to bring up to total volume) 

100 mL total volume 

This mixture was stirred thoroughly before bringing up to the final volume of 100 mL.  

Undissolved particles were removed from the solution by filtering it through a Buchner 

funnel containing a piece of qualitative P5 filter paper (Fisherbrand®).  The filtrate was 

collected in a 250 mL Erlenmeyer vacuum filtration flask to which 0.12 g solid 

ammonium persulfate was added.  The solution was degassed by placing a rubber 

stopper on top of the flask followed by placing the flask under vacuum until all dissolved 

gasses were removed (30 to 45 s).  Twenty microliters of TEMED (N,N,N’,N’-

tetramethylethylenediamine) catalyst were added and the flask which was briefly swirled 

in a fashion as to not introduce bubbles while mixing the solution well.  The solution was 

slowly poured into the funnel of the vertical gel cassette, which was supported at a 45 ° 

angle left to right, and allowed to track smoothly around the perimeter of the cassette 

and, finally, to fill it as it was slowly laid horizontally.  The gels polymerized after 30 min 

and could then be used for electrophoresis.  The 45 cm spacer was removed and the 

cassette clamped to a vertical electrophoresis chamber.  Each chamber reservoir was 
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filled with 1 liter of 1X Sequencing Buffer (100.0 mM Tris base, 12 mM boric acid, 1.0 

mM EDTA).  Air bubbles were removed from the well space and the bottom of the gel 

using a Pasteur pipette and bulb.  The power leads were connected and the gel was 

pre- electrophoresed at 50 W for 1 h.  The well region and bottom of the cassette were 

then again rinsed well with a Pasteur pipette to remove bubbles that had formed and 

excess urea that diffused from the gel.  Shark tooth well-forming comb units were 

inserted into the top well area in a uniform manner, with each tip barely touching the gel. 

The dideoxyribonucleotide-treated samples were heated to 90 °C for 2 min 

before being immediately transferred to an ice/water bath.  This eliminated any intra- 

strand base pairing that might influence the migration rate of the samples.  With the 

power turned off, a two microliter aliquot of each sample was loaded onto the gel using 

a 10 μL Hamilton® syringe (32 G needle).  Each termination tube sample was placed 

into a separate well in the order G, A, T, and C.  One lane was skipped between each 4-

sample set.  Once all samples were loaded, the power was set to 50 W and the gel was 

allowed to electrophorese for 3.5 h.  This typically allowed the xylene cyanol to migrate 

approximately 45 cm from the top of the gel and corresponded to a DNA fragment of 

approximately 70 bases reaching the bottom of the gel. 

When the gel had electrophoresed for the proper time, the power was turned off 

and the buffer reservoirs drained.  The cassette was then removed and placed flat onto 

the bench top.  The clips and spacers were removed and a thin spatula inserted into 

one corner.  Slowly and with gentle pressure, a spatula was used to wedge apart the 

plates.  On most occasions the gel would stick entirely to the less siliconized plate and 

be ready for immediate transfer to filter paper.  A 14 cm x 17 cm piece of thick filter 
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paper was lined up with the bottom of the gel and centered (making sure it covered all 

gel lanes utilized), then placed on top of the gel.  The paper was firmly pressed against 

the gel to remove any air bubbles using the flat edge of a razor blade as a scraper 

against the paper.  Any excess gel protruding from the filter paper was cleanly cut away 

with the razor blade.  The plate was then inverted and the gel slowly released to the 

countertop.  A layer of plastic wrap was then added to protect the gel during the drying 

process.  Excess plastic wrap was trimmed away and the protected gel on filter paper 

was transferred to a gel drying apparatus.   The gel was dried for 1 h at 75 °C and the 

plastic wrap removed.   

Autoradiography was performed on the sequencing gel using Kodak’s 14 cm x 17 

cm BioMax MR high-speed autoradiography film sandwiched in an aluminum six-point 

clamping cassette.  Routinely the exposure time was 12-14 h, but would be continued 

longer as the isotope proceeded through its half-life.  The films were processed using 

an automated developer (ALL-PRO 100) that contained the developer, fixer, water wash 

and dryer combined.  Figure 7 shows an autoradiograph with a sequence. 

 

Primer Design and PCR optimization 

After acquiring sequences of clones which contained microsatellites, primers 

were designed using the PRIMER 3 INPUT website (Rozen et al. 1998).  The primers 

were ordered from Biosynthesis Inc. in 50 nmol quantities.  All primers were diluted 

down to 2 μM concentrations for use in PCR reactions.   

The melting temperature of each primer set was taken into consideration while 

determining the annealing temperature to be used in the PCR amplifications. An  
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                                              G    A    T    C 

                                                         

Figure 7:  Autoradiograph showing STR-encoding nucleotide sequence of clone 4-11. 
This sequence is read 5’ 3’ from the bottom of the gel up.  The lanes are labeled with 
the appropriate base.  The microsatellite repeat is GTC. 
 

annealing temperature of 60 °C worked well for initial analysis.  The PCR set up was as 

follows: 

5 μL flamingo DNA (10 ng/μL) 

2.5 μL 10X PCR Buffer (Applied Biosystems) 

1.5 μL dNTPs (2.5 μM) 

2 μL primers A (2 μM) 
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2 μL primers B (2 μM) 

0.1 μL Taq Polymerase 5 U/μL (Applied Biosystems) 

11.9 μL ddH2O 

25 μL total volume 

Tubes were subjected to: 2 min at 94 °C, 50 s at 94 °C, 1 min at 60 °C, 50 s at 72 °C, 

39 times; 10 min at 72 °C, one time and maintained at 4 °C until further use.   

 Several birds were amplified using each primer set.  Products were first 

electrophoresed on agarose gels to verify presence of product.  Since polymorphism 

between different birds could be a difference of just 3 base pairs agarose gels were not 

appropriate to determine polymorphism.  To determine polymorphism non-denaturing 

polyacrylamide gels were used.  

 

Vertical Polyacrylamide Gel Electrophoresis with DNA Detection  
by Ethidium Bromide  

 
Amplified products less than 250 bp with allelic separations of 2-4 bases are 

poorly resolved by agarose electrophoresis system.  Polyacrylamide gels were 

optimized for separation of PCR products of approximately 250 bp and effectively 

resolved alleles 3 bp different in size (Sambrook et al. 1989).  A range of cassette sizes 

and acrylamide concentrations can be used for polyacrylamide gels, but only two types 

were primarily used for these experiments.  The 20 cm x 20 cm cassette was used to 

verify the presence of potentially polymorphic PCR products.  Two glass plates, one 20 

cm x 20 cm and the other 20 cm x 22 cm, were thoroughly cleaned with Windex® glass 

cleaner followed by 95% ethanol.  Two spacers, 1.5 mm thick were then lightly coated 

with vacuum grease on the outer half, top and bottom sides, and placed on either side 
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of one of the plates.  The other plate was then carefully placed on top of the spacers 

with clamps added to hold the plates together.  The cassette assembly was placed 

vertically on a flat surface and gentle pressure applied to level the plates and spacers 

relative to one another.  This helped prevent leakage from the cassette during the 

addition of the acrylamide solution.  The cassette was then clamped onto a neoprene 

gasket that had a very light layer of vacuum grease. Non-denaturing acrylamide (7.5 %) 

gel solution was then prepared as follows: 

16 mL 37:1 acrylamide/bisacrylamide 

8 mL 10X Buffer  

56 mL ddH2O 

80 mL total volume  

The 10 X Buffer was composed of 500 mM Tris, pH 8.3 with boric acid and 10 mM 

EDTA.  To this solution 0.1 g of ammonium persulfate was added in a vacuum flask and 

the contents mixed by swirling.  A vacuum was applied (only 30-45 seconds) to de-gas 

the mixture.  Five microliters of TEMED (N,N,N’,N’-tetramethylethylenediamine) was 

added to the flask and after gently swirling the solution was poured into the cassette.  

The comb was inserted after it was determined no bubbles were present in the 

assembly.  The presence of bubbles would inhibit polymerization.  Three large clamps 

were used to sandwich the comb, like a spacer, to ensure uniform gel thickness.  The 

cassette was left in a horizontal position to help prevent leakage and promote uniform 

gel thickness.  Polymerization was considered complete after 1.5 h.  The top of the 

cassette was wrapped with plastic wrap if it was to be allowed to sit overnight and the 

gel electrophoresed the next day. The cassette was then placed into a vertical 
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electrophoresis chamber and 1 L of 1X non-denaturing buffer was dispensed equally 

into the upper and lower reservoirs.  The gel was pre-electrophoresed for 10 min at 200 

V.  Each PCR amplified sample (8 of 25 μL total) was diluted with 5X loading buffer 

(25% glycerol, 0.5% SDS, 0.1% bromophenol blue, 0.1% xylene cyanol FF, 50 mM 

EDTA) and placed in a washed well of the gel.  The HinfI-digested pBR322 was placed 

in two of the 18 wells as a size standard.  The gel was then electrophoresed at 300 V 

for 4 h.  

The buffer was drained from the reservoirs by inverting the unit over a sink.  The 

gel cassette was then removed and disassembled, leaving the gel on one plate. This 

plate was then submerged in an ethidium bromide solution (0.5 μg/mL) for 15 min.  The 

plate/gel was then transferred to a destaining water bath where the gel was floated off 

the plate with gentle coaxing.  After 15 min of destaining, the gel was lifted by using a 

35 cm x 60 cm piece of flexible nylon window screening and transferred to a UV 

transilluminator.  The electrophoretic profile was digitally recorded by using the Kodak 

EDAS 120 digital photography system. 

 

50% Long Ranger® Polyacrylamide Gels 

Once a locus was verified as being polymorphic with the non-denaturing 

polyacrylamide gels, further characterization was performed using denaturing 

polyacrylamide gels that provided improved band separation.  Denaturing 

polyacrylamide gels made with premixed 50% Long Ranger® Gel Solution (The Gel 

Company), which can be directly added to solid urea, were used for locus 

characterization.  A 16 cm x 30 cm gel cassette was used for these gels.  These plates 
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were cleaned, coated with silane in a similar manner to that used for DNA sequencing 

gels. Two 30 cm x 13 mm x 0.25 mm Delrin® spacers were placed along the sides of 

one plate and the other plate was placed on top.  After aligning both plates and the 

spacers, Permacel tape (The Gel Company) was applied to three sides of the plates.  

This tape ensured no leakage during the gel pouring process.  The plates were then 

clamped together.  The plates were put at a slight angel by placing double stoppers on 

one side.  The acrylamide solution was prepared by mixing 16.8 g urea, 4.6 mL 50% 

Long Ranger® Gel Solution, 18.6 mL ddH2O, 8 mL 5X TBE Buffer (890 mM Tris base, 

890 mM boric acid, Na2EDTA.2H2O).  This solution was degassed with 0.1g of 

ammonium persulfate.  Ten microliters of TEMED was added and after gentle swirling 

the acrylamide was withdrawn in a 60 cc syringe for loading.  The acrylamide was 

allowed to enter the gel plates very slowly so that no air bubbles were trapped.  The gel 

was then placed in a horizontal position by removing the double stoppers.  A 12 cm x 13 

mm x 0.25 mm Delrin® spacer was inserted 0.5 cm into the acrylamide and clamped 

down.  This was done to create a flat gel surface to which membrane combs could be 

inserted.  The acrylamide was allowed polymerize for about 30 min.  The clamps and 

the tape were removed from the glass plates.  The well-creating Delrin® spacer was 

removed gently.  This well was then rinsed with sterile water to remove any polymerized 

acrylamide strands.  The gel was now placed in a vertical electrophoresis chamber.  

One milliliter of 20% Ficoll (The Gel Company) was added to the well.  Ficoll improves 

the migration of samples from the membrane combs into the gel. 

PCR reactions were set up for individual birds to be screened using the 

appropriate set of primers.  In order to visualize these products by autoradiography, one 
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primer was end-labeled with γP32 dATP.  The end-labeling reaction was set up as 

follows: 

8 μL Primers A (5 μM) 

2 μL PNK Buffer 10X (New England Biolabs) 

2 μL γP32 dATP (6000 μCi/mL) 

7 μL ddH2O 

1 μL  T4 polynucleotide kinase 10 U/μL (NEB) 

20 μL total volume 

This reaction was incubated at 37 °C for 1 h.  Upon completion of the reaction, 30 μL of 

ddH2O was added to adjust the final concentration of end-labeled primer to 2.5 μM. 

The PCR reactions using this end-labeled primer were set up as follows for the desired 

number of birds. 

5 μL DNA (10 ng/μL) 

0.5 μL Primer A (2 μM) 

1μl γP32 -labeled Primer A (2.5 μM) 

1 μL Primer B (2 μM) 

2.5 μL PCR Buffer 10X (Applied Biosystems) 

1.5 μL dNTPs (2.5 mM) 

13.4 μL ddH2O 

0.1 μL Taq polymerase 5 U/μL (Applied Biosystems) 

25 μL total volume 
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Tubes were subjected to: 2 min at 94 °C, 50 s at 94 °C, 1 min at annealing temperature, 

50 s at 72 °C, 39 times; 10 min at 72 °C, one time and maintained at 4 °C until further 

use.   

One microliter of 5X bromophenol blue with 25 mM EDTA and 5 μL of deionized 

formamide were added to each sample.  The PCR products were denatured at 90 °C for 

3 min and immediately transferred to ice.  One microliter of each sample was loaded 

onto a loading tray supplied by The Gel Company.  This tray with the membrane comb 

was kept near the gel assembly.  Membrane combs are divided into small vertical 

sections and each absorbs one sample from the wells in the loading tray.  The 

membrane comb was carefully aligned with the samples on the loading tray and each 

tooth of the comb was allowed to absorb one sample.  The comb was inserted into the 

Ficoll filled well just touching the top of the gel.  Approximately 750 mL of 1X TBE buffer 

was then added to both top and bottom chambers.  The gel was electrophoresed at 20 

W for 2 min to allow the samples to migrate into the gel.  The power was then turned off 

and the membrane combs removed.  A syringe was filled with buffer from the top 

chamber and released into the well to flush out the Ficoll.  The gel was electrophoresed 

at 20 W for approximately 3 h, or until xylene cyanol had traveled 30 cm.  After the gel 

had electrophoresed for the desired time, the gel was treated similarly as described for 

gels used for nucleotide sequence determination. 

 

STR Locus Characterization 

Each polymorphic locus was named using a standardized convention (Sawyer 

2002).  The first letter refers to the first letter of the genus.  The following two letters are 
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the first two letters of the species.  The symbol μ indicates it is a microsatellite locus and 

the number(s) following are sequentially assigned according to their order of discovery.  

For example Pruμ1 is a polymorphic microsatellite locus 1 in P.r.ruber (Caribbean 

flamingos). 

Each locus was characterized by first assigning allele designations to alleles 

found in the specimens screened.  The number of repeats in “reference” alleles was 

determined by nucleotide sequence analysis of homozygous specimens.  In the 

absence of a homozygote a heterozygote with well-separated bands could be used.  

The number of repeats in other alleles could then be determined by comparing unknown 

alleles to these reference alleles.    

PCR set up for homozygote: 

10 μL DNA 10 ng/μL 

4 μL Primer A 

4 μL Primer B 

5 μL PCR Buffer 10X (Applied Biosystems) 

3 μL dNTPs 2.5mM 

23.8 μL ddH2O  

0.2 μL Taq polymerase 5 U/μL (Applied Biosystems) 

50 μL total volume 

Tubes were subjected to: 2 min at 94 °C, 50 s at 94 °C, 1 min at annealing temperature, 

50 s at 72 °C, 39 times; 10 min at 72 °C, one time and maintained at 4 °C until further 

use.   
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For those loci where no homozygotes were available, heterozygotic individuals 

having two well-separated bands were used.  The PCR amplification conditions were 

the same as those used for homozygotes.  In this case the PCR products were 

electrophoresed using high-resolution NuSieve®3:1 agarose (FMC®). The lower band 

was excised from the gel, melted at 75 °C for 5 min, and 1 μL used to reamplify the 

allele by PCR. The final product was then subjected to nucleotide sequence analysis.   

PCR set up for excised band: 

1 μL DNA from melted agarose  

4 μL Primer A 

4 μL Primer B 

5 μL PCR Buffer 10X (Applied Biosystem) 

3 μL dNTPs 2.5 mM 

 32.8 μL ddH2O  

0.1 μL Taq polymerase 5 U/μL (Applied Biosystems) 

50 μL total volume 

Tubes were subjected to: 2 min at 94 °C, 50 s at 94 °C, 1 min at annealing temperature, 

50 s at 72 °C, 39 times; 10 min at 72 °C, one time and maintained at 4 °C until further 

use.   

The PCR products from either homozygotic or excised heterozygotic specimens 

were then cleaned using microCLEAN™ (The Gel Company).  MicroCLEAN™ is a DNA 

clean-up reagent that can be used to clean up and concentrate PCR fragments.  An 

equal volume of microCLEAN™ was added to DNA sample.  The microCLEAN™ was 

mixed with the PCR product by pipetting.  The reaction was left at room temperature for 
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5 min.  Then the tube was centrifuged at 10,000 rpm for 5 min.  The supernatant was 

removed.  The tube was centrifuged briefly again to remove any remaining solution and 

the pellet was then resuspended in 20 μL ddH2O.  The isolated DNA was subjected to 

nucleotide sequence analysis using appropriate primers. 

The sequence data obtained from these reference alleles was used to determine 

the actual number of copies of the repeat unit present in each specific band or allele.   

Alleles were then denoted by the number of repeats present.  The allelic profile for each 

bird was then determined, followed by calculations of the frequencies of homozygosity, 

heterozygosity and the frequency of each allele in the group of birds being screened. 

This information was then assembled in tabular form. 
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CHAPTER III 
 

RESULTS 
 
 

The purpose of this study was to isolate polymorphic microsatellite loci that can 

be used as DNA markers for parentage analysis and population studies on flamingos.  

We were able to isolate and characterize six polymorphic microsatellite loci.  These 

microsatellite loci will allow not only parentage analysis and population studies but open 

the avenues to further studies between the different species of flamingos and also with 

the order Circinoformes.  

 

Sex-typing 

It is very important to have information regarding the sex of captive birds for   

population management.  In many avian species it is difficult to distinguish a male bird 

from the female due to limited external sexual dimorphism.  One earlier method for 

sexing birds was done surgically. This was invasive and potentially dangerous for the 

birds.  Another method to sex Spoonbills used by the Dallas Zoo was by measuring the 

bill length of each bird.  Bill lengths in certain ranges correlate well with male or female 

birds.  However, this approach was not always an accurate method of determining sex 

(Sawyer 2002).    Isolating DNA from blood samples and PCR amplification of specific 

loci with sex-chromosome specific alleles can determine the sex of birds. The universal 

sex-typing primers used in this study provide a safe, convenient and accurate way to 

sex birds compared to the other methods described above. 

Our initial sexing of flamingos was performed by using P2/P8 primer sets.  The 

amplified loci are two conserved CHD (chromo-helicase-DNA-binding) genes located on 
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the avian sex chromosomes of nearly all birds, with the primary exception of the ratites 

(ostriches, emus, etc.)  The CHD-W gene is located on the W chromosome and 

therefore is unique to females.  The second CHD gene, CHD-Z, is found on the Z 

chromosome and therefore occurs in both sexes (female ZW; male ZZ).  The test 

employed PCR with a single set of primers.  It amplified homologous sections of both 

CHD genes, with the CHD-Z amplicon being 5 base pairs larger due to a difference in 

the included intron.  When the amplification products are examined on a gel, a single 

CHD-Z band is present with males while females had a second band corresponding to 

the CHD-W amplicon (Griffiths et al. 1999). 

The PCR amplification with primers P2/P8 of genomic DNA extracted from whole 

blood resulted in products of approximately 400 bp, as seen after 2% agarose gel 

electrophoresis (80 V, 1.5 h).  As noted, the size difference between the two bands is 5 

bp and this small difference is not readily resolved by agarose gel electrophoresis.  

Adequate band separation of PCR products from these primers required the use of non-

denaturing polyacrylamide gel electrophoresis (which requires more time/effort than 

agarose gel electrophoresis).  Figure 9 shows Caribbean flamingo samples sex-typed 

using P2/P8 primers. 

The second set of sex-typing CHD locus primers employed was 2550F/2718R, 

and, as mentioned earlier in Materials and Methods, these primers were more 

convenient to use.  Effective separation of the two amplicons for this locus did not 

require polyacrylamide gels.  The “step down” PCR reaction produced two products of 

450 bp and 600 bp for females and one amplicon of size 600 bp for males.  These 

primers bound to highly conserved intronic regions of CHD1W and CHD1Z.  Figure 9 
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shows agarose gel electrophoretic analysis of African greater flamingo samples using 

2550F/2718R primers.  

  A complete list of Caribbean and African greater flamingo specimens used in 

this study can be found in Appendix B (Tables 17 and 18).  These lists contain the 

wildlife authority ID, UNT ID (used throughout this project) and the sex of each bird 

according to our testing.  Information regarding two lesser flamingo samples can also be 

found in Table 18 of Appendix B. The sex, Dallas Zoo ID and UNT ID of Chilean 

flamingos can be found in Table 15.  As mentioned earlier, the Caribbean flamingos 

samples are from a wild population in the Ria Lagartos Biosphere Reserve.  Disney’s 

Animal Kingdom provided the African greater and lesser flamingo samples.  The group 

of African greater flamingos at Disney’s Animal Kingdom consists of a mixture of wild-

caught and captive-born birds.  The Chilean flamingo samples were acquired from 

Dallas Zoo, and although these birds are captive, they were all collected from wild 

populations.  The sex of each bird was determined as basic information needed for 

genetic or conservation studies.  All birds supplied with information regarding sex were 

crosschecked and their reported sexes confirmed by our testing.   

 

STR Capture from Caribbean Flamingo Genomic DNA 

Several attempts were made to capture microsatellites from the Caribbean 

flamingo genome.  Initial attempts yielded low numbers of bacterial colonies containing 

plasmids with the desired cloned segments (white colonies in blue/white selection).  It  
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                          1    2           3      4    5    6    7    8     9   10   11   12   13 
                          ♀  ♂            ♀     L    ♂    ♂   ♂   ♀    ♀     L    ♂    ♂    ♀ 

 
 
Figure 8:  Caribbean flamingo sex-typing using P2/P8 primers.  Electrophoresis was 
performed using a non-denaturing polyacrylamide (30:1, 6%) gel electrophoresed at 
300 V for 4 h.  Two bands indicate a female (ZW) and one band indicates a male (ZZ).  
Each lane number is labeled with the determined sex of the individual.  Lanes 4 and 10 
(labeled L) are DNA size standards (pBR322 cut with HinfI).  The bands of the size 
standard in descending order of size are 1000, 519, 396 and 298 bp. 
 
 
 
                         1        2         3        4           5         6          7       8       9 
                         ♀       ♀        ♂        ♀          L         ♀         ♀       ♀      ♂ 

 
 
Figure 9:  African greater flamingo sex-typing using 2550F/2718R primers.  
Electrophoresis was performed using a 2% agarose gel (80 V, 1.5 h) electrophoresed at 
80 V for 1.5 h.  The determined sexes of the individuals are provided under the lane 
number.  Lane 5 is a DNA size standard (pBR322 cut with HinfI).  The two bands visible 
on the ladder are of 1000 bp and 519 bp. 
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was observed that when the total white colony number was low, subsequent screening 

efforts with end-labeled STR oligonucleotides did not result in many if any hybridization-

positive clones (colonies which bound end-labeled STR oligonucleotides).   

In addition, most hybridization-positive colonies, upon further screening, encoded 

microsatellite regions that were too short or lacked sufficient STR-flanking regions for 

proper primer design. 

After many failed attempts, a slight modification was made to the protocol.  The 

problem appeared to be related to insufficient white colony production after 

transformations. The experiment was modified by decreasing the concentration of STR-

enriched DNA in the PCR amplification mix while increasing the total volume of the PCR 

reaction.  Two simultaneous captures were carried out using three nucleotide-repeat 

biotin-labeled capture STRs.   Five 50 μL PCR reactions were set up using 10 μL of 

STR-enriched DNA per reaction (using all 50 μL of the captured DNA solution).  The two 

simultaneous captures thus gave a total of 10 PCR reactions.  Each PCR reaction was 

processed separately until being combined for the final transformation step. This 

approach yielded 400 white colonies.  Based upon hybridization analysis, 24 of these 

clones were identified for subsequent DNA sequence analysis.  Figures 10 and 11 show 

autoradiographs of the four nylon membranes.  Dark regions correspond to potential 

microsatellite-containing colonies.  Plasmid DNA was isolated from each of the colonies 

for nucleotide sequence analysis (see Materials and Methods).  The sequence of each 

clone is given in Appendix A.  All nucleotide sequences were then screened for the 

presence of a microsatellite region.  Sequences with identified microsatellites were also 

evaluated to determine whether there were flanking regions suitable for PCR primer 
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design.  Not all clones sequenced were used due to one or more of several reasons.  At 

times the microsatellite did not have sufficient flanking sequence to one side of the STR 

for primer design, and other times the repeat region was too short, making the 

probability of it being polymorphic low.  Table 2 lists the clones that were subjected to 

DNA sequence analysis with a summary of the encoded STR sizes (if found) and 

whether the loci were deemed to be likely candidates for polymorphism analyses. 

Primers were only designed for STR-encoding clones that possessed a minimum 

of 10 repeats in the STR sequence.  Previous experience in our laboratory (Greg 

Sawyer) has indicated that STR loci with less than 10 repeats had a low probability of 

representing a polymorphic locus.  Two attempts were made to sequence each clone (if 

necessary). Of the twenty-four hybridization-positive clones, only numbers 3-12a, 3-19a 

and 4-2 proved recalcitrant to nucleotide sequence analysis.  Sequences from clones 1-

2a and 4-19 did not contain any identifiable microsatellites. Three clones (1-7a, 4-15 

and 4-39) possessed microsatellite regions of less than ten repeats and so primers 

were not considered.   Primers were designed for the remaining loci using the 

Primer3Input website (Rozen et al. 1998).  This website provided a choice of four 

different primer pairs that could be utilized.  Primers pairs that had complementary 

melting temperatures and that would produce PCR products of approximately 200 bp 

were preferentially chosen. Primer pairs with significantly different melting temperatures 

would be difficult to optimize with respect to the PCR conditions required for successful 

amplification.  A PCR product of approximately 200 bp was considered optimal because 

good separation of alleles would be possible after relatively short periods of 

electrophoresis.  PCR reactions for each locus using 3-5 different birds were set up.   



 74

 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10: Hybridization of STR-enriched clones.  Autoradiograph of colonies 
transferred to nylon membranes hybridized with appropriate STR probes is shown.  This 
image shows a total of 10 colonies (dark) exhibiting high affinity for the STR probes 
(STR 3, STR 6 and STR 9). 
 
 
 

 
 
Figure 11:  Hybridization of STR-enriched clones.  An autoradiograph of colonies 
transferred to nylon membranes and hybridized with appropriate STR probes is shown.  
This image shows a total of 14 colonies (dark) exhibiting high affinity for the STR probes 
(STR 3, STR 6 and STR 9). 
 
 
 
 
 
 
 
 

Master Plate 1a Master Plate 2a 

Master Plate 3a Master Plate 4a 
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Clone # 

 
 

STR length (# of 
repeats) 

Primers 
Designed 

1-2a No STR identified - 
1-6b 10 Yes 
1-7a 7 No 

(<10 repeats) 
1-31a 13 Yes 
1-31b 11 Yes 
1-32a 13 Yes 
1-46a 13 Yes 
2-9a 16 Yes 

2-15b 15 Yes 
2-13a 10 Yes 
3-12a No sequence data 

obtained 
- 

3-19a No sequence data 
obtained 

- 

4-2 No sequence data 
obtained 

- 

4-10 11 Yes 
4-11 13 Yes 
4-15 7 No 

(<10 repeats) 
4-18 10 - 
4-19 No STR identified - 
4-24 12 Yes 
4-28 10 Yes 
4-36 10 Yes 
4-37 10 Yes 
4-39 7 No 

(<10 repeats) 
4-42 26 Yes 

 
Table 2:  Clone numbers, DNA sequence related notes and the number of STR repeat 
units observed for each putative STR-encoding clone isolated.  No sequence data was 
obtained from clones 3-12a, 3-19a and 4-2.  Clone 4-19 was found to not contain any 
identifiable STR.  Detailed nucleotide sequence data for each clone can be found in 
Appendix A. 
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The initial annealing temperature used was chosen based upon the predictable melting 

temperatures of the primers.  Most of the primer pairs were designed to have the same 

TM.  An average of both TM
s values was used in cases where the melting temperatures 

of the two primers were different.  The products from this first amplification attempt were 

electrophoresed on 2% agarose gels.  The purpose of these gels was first to determine 

whether PCR products were present and second to see if the PCR conditions required 

further optimization.  In most cases the initial annealing temperatures provided effective 

amplification.  In total, sixteen primer sets were designed.  After optimization was 

achieved 5-10 unrelated individual birds were screened for polymorphism using non-

denaturing polyacrylamide gels.  For many loci, all of the specimens screened were 

homozygous.  If this was the case, that locus was considered not polymorphic.  Out of 

the sixteen primer sets, six loci exhibited polymorphism.   Figures 12-14 are non-

denaturing polyacrylamide gel images of primers sets 1-32, 4-10 and 2-15B.  For the 

other three loci the screening step for polymorphism was done directly on denaturing 

polyacrylamide gels.  Figures 15-17 are images of denaturing polyacrylamide gels 

showing that birds screened with primer sets 1-46a, 4-42 and 4-28 were polymorphic.  

Once polymorphism was detected each locus was screened on a larger scale using a 

population of approximately 60 birds. 

 

Genetic Profiling of Microsatellite Loci in Caribbean Flamingos 

A total of six polymorphic loci were found (Pruμ1- Pruμ6) during the completion 

of this study.  The PCR products were analyzed by denaturing polyacrylamide gel 

electrophoresis.  Figures 18-35 show representative analyses of Pruμ1- Pruμ6 loci.  The 
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gel images were studied carefully and each lane was assigned the specimens number 

and homozygotes were identified.  Initially allele sizes were based on the lowest band 

being allele 1.  The homozygotes were used to find out how many repeats were present 

in that particular allele.  This was done to designate alleles to the various specimens 

screened.  The homozygote sequences used for each locus can be found in the 

Appendix C and allele sizes are indicated with arrows on the denaturing polyacrylamide 

gel images (Figures 18-35).  After assigning alleles to each individual the information 

was collected in tabular form (Tables 3-8). The genotype at each locus was entered 

next to the UNT ID of each bird.  This information was then used to carry out statistical 

analyses for each locus. Table 24 of Appendix E contains primer sequence information 

and optimum annealing temperatures for the six loci. 

Compilation of allelic profiles of specimens at each locus was followed by the 

calculation of allele frequencies and observed/expected number of heterozygous 

specimens.  Observed heterozygosity (HO) was calculated by dividing the number of 

heterozygous flamingos by the total number of flamingos.  Expected heterozygosities 

(HE) were derived from the allele frequencies of each locus calculated as 1-∑ (Pi2) 

where, Pi is the frequency of the “ith” allele (Luikart et al. 1997).  We used a web based 

population genetics program GENEPOP designed by Raymond et al. (1998) to 

calculate these values.  The program required bird IDs and genotypes for each locus in 

order to perform the calculations.  The output provided HO, HE, genotypic frequencies 

and FIS values.  FIS values are inbreeding coefficients and were calculated as HE – 

HO/HE (Weir et al. 1984) by the program GENEPOP.  This number ranges from -1 to +1.    
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                           1           2           3          4          5          6 

 
 

Figure 12:  Screening P.r.ruber locus Pruμ1 for polymorphism.   Six unrelated 
Caribbean flamingos were profiled and polymorphism was observed at this locus.  Lane 
6 shows a heterozygous individual.  Electrophoretic conditions were a non-denaturing 
6% polyacrylamide gel electrophoresed at 300 V for 5 h. 
 
 
 

                                   1         2           3         4         5           6          7 

 
 

Figure 13:  Screening P.r.ruber locus Pruμ2 for polymorphism.   Six unrelated 
Caribbean flamingos were profiled and polymorphism was observed at this locus.  Four 
of the birds (Lane 2, 3, 4 and 5) are heterozygous. Lane 1 is the size standard pBR322 
digested with HinfI.  The band visible is of size 319 bp. Electrophoretic conditions were 
a non-denaturing 6% polyacrylamide gel electrophoresed at 300 V for 5 h. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 79

              1             2            3            4             5            6               7        8            9 

 
 

Figure 14:  Screening P.r.ruber locus Pruμ3 for polymorphism.   Eight unrelated 
Caribbean flamingos were profiled and polymorphism was observed at this locus.  Five 
of the birds (Lanes 3, 4, 5, 8 and 9) were heterozygous at this locus. Lane 7 is the size 
standard used, plasmid pBR322 digested with HinfI.  The band visible is of size 319 bp.  
Electrophoretic conditions were a non-denaturing 6% polyacrylamide gel 
electrophoresed at 300 V for 5 h. 
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Figure 15:  Screening P.r.ruber locus Pruμ4 for polymorphism.   Eight unrelated 
Caribbean flamingos were profiled and polymorphism was observed at this locus.  Two 
of the birds (Lane 5 and 6) were heterozygous and one individual (Lane 1) was 
homozygous but with a different allele compared to the other homozygous specimens.  
Electrophoretic conditions were a 6% denaturing polyacrylamide gel electrophoresed at 
50 W for 3 h. 
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Figure 16: Screening P.r.ruber locus Pruμ5 for polymorphism.   Five unrelated 
Caribbean flamingos were profiled and polymorphism was observed at this locus.  
Individual in Lane 4 is heterozygous.  Electrophoretic conditions were a 5.75% 
denaturing polyacrylamide gel electrophoresed at 20 W for 3 h. 
 

 

 

1             5            9 

 
 

Figure 17:  Screening P.r.ruber locus Pruμ6 for polymorphism.   Nine unrelated 
Caribbean flamingos were profiled and polymorphism was observed at this locus.  Two 
of the birds (Lane 3 and 4) were heterozygous.  Electrophoretic conditions were a 
5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 18:  Genetic profiling of P.r.ruber specimens at locus Pruμ1. The sample 
numbers (UNT IDs) are listed on the top of the figure and allele designations are on the 
left.  The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can 
be found in Appendix B Table 17. Electrophoretic conditions were a 6% denaturing 
polyacrylamide gel electrophoresed at 50 W for 3 h. 
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Figure 19: Genetic profiling of P.r.ruber specimens at locus Pruμ1. The sample numbers 
(UNT IDs) are listed on the top and allele designations are on the left of the image.  The 
RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can be found in 
Appendix B Table 17.  Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3.5 h. 
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Figure 20:  Genetic profiling of P.r.ruber specimens at locus Pruμ1. The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image.  The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs 
can be found in Appendix B Table 17. Electrophoretic conditions were a 5.75% 
denaturing polyacrylamide gel electrophoresed at 20 W for 3.5 h. 
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Figure 21:  Genetic profiling of P.r.ruber specimens at locus Pruμ2. The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image.  The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs 
can be found in Appendix B Table 17. Electrophoretic conditions were a 6% denaturing 
polyacrylamide gel electrophoresed at 50 W for 3 h. 
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                                           L1        L5        L10         L15        L20 

 
 
Figure 22:  Genetic profiling of P.r.ruber specimens at locus Pruμ2. The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image.  The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs 
can be found in Appendix B Table 17. Electrophoretic conditions were a 5.75% 
denaturing polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 23:  Genetic profiling of P.r.ruber specimens at locus Pruμ3.  The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image. The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can 
be found in Appendix B Table 17. Electrophoretic conditions were a 6% denaturing 
polyacrylamide gel electrophoresed at 50 W for 3 h. 
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Figure 24:  Genetic profiling of P.r.ruber specimens at locus Pruμ3.  The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image.  The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs 
can be found in Appendix B Table 17. Electrophoretic conditions were a 6% denaturing 
polyacrylamide gel electrophoresed at 50 W for 3 h. 
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Figure 25:  Genetic profiling of P.r.ruber specimens at locus Pruμ3.  The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image. The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can 
be found in Appendix B Table 17. Electrophoretic conditions were a 6% denaturing 
polyacrylamide gel electrophoresed at 50 W for 3 h. 
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                                                    L1              L10                L18 

 
 
Figure 26:  Genetic profiling of P.r.ruber specimens at locus Pruμ3.  The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image. The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can 
be found in Appendix B Table 17. Electrophoretic conditions were a 8% denaturing 
polyacrylamide gel electrophoresed at 10 W for 4 h. 
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Figure 27:  Genetic profiling of P.r.ruber specimens at locus Pruμ4.  The lane numbers 
are listed on top and allele designations are on the left of the image.  UNT ID codes of 
specific bird samples loaded on to each lane can be found in Appendix D Table 29.  The 
RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can be found in 
Appendix B Table 17. Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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                                                      L1      L5       L10           L20 

 
 
Figure 28:  Genetic profiling of P.r.ruber specimens at locus Pruμ4.  The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image. The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can 
be found in Appendix B Table 17. Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 29:  Genetic profiling of P.r.ruber specimens at locus Pruμ5.  The sample 
numbers (UNT IDs) are listed on the top and allele designations are on the left of the 
image. The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can 
be found in Appendix B Table 17. Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 30:  Genetic profiling of P.r.ruber specimens at locus Pruμ5.  The lane numbers 
are listed on top and allele designations are on the left of the image.  UNT ID codes of 
specific bird samples loaded on to each lane can be found in Appendix D Table 20.  The 
RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can be found in 
Appendix B Table 17. Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 31:  Genetic profiling of P.r.ruber specimens at locus Pruμ5.  The sample 
numbers (UNT IDs) are listed on the top of the figure and allele designations are on the 
left.  The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can 
be found in Appendix B Table 17. Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h.                  
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Figure 32:  Genetic profiling of P.r.ruber specimens at locus Pruμ6. The lane numbers 
are listed on the top and allele designations are to the left of the image.  UNT ID codes 
of specific bird samples loaded on to each lane can be found in Appendix D Table 21.  
The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can be 
found in Appendix B Table 17.  Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 33:  Genetic profiling of P.r.ruber specimens at locus Pruμ6. The lane numbers 
are listed on the top and allele designations are on the left of the image. UNT ID codes 
of specific bird samples loaded on to each lane can be found in Appendix D Table 21.  
The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can be 
found in Appendix B Table 17. Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 34:  Genetic profiling of P.r.ruber specimens at locus Pruμ6. The sample 
numbers (UNT IDs) are listed on the top of the figure and allele designations are on the 
left of the image.  The RLBR ID codes for each Caribbean flamingo corresponding to 
UNT IDs can be found in Appendix B Table 17.   Electrophoretic conditions were a 
5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h. 
 
 
 

 
                                                            33            42   

 
 

Figure 35:  Genetic profiling of P.r.ruber specimens at locus Pruμ6. The lane numbers 
are listed on the top and allele designations are on the left of the image. UNT ID codes 
of specific bird samples loaded on to each lane can be found in Appendix D Table 21.  
The RLBR ID codes for each Caribbean flamingo corresponding to UNT IDs can be 
found in Appendix B Table 17. Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Caribbean 
flamingo 
UNT ID Alleles 

  Caribbean 
flamingo 
UNT ID Alleles 

 Caribbean 
flamingo 
UNT ID Alleles 

1 12,16  34 14,17  L29 12,13 
2 11,14  35 12,13  L30 12,15 
3 12,14  36 13,16  L31 13,16 
4 12,14  37 14,16  L32 10,15 
5 12,13  38 11,12  L33 11,16 
6 13,14  39 14,16  L34 11,13 
7 14,16  40 12,15  L35 10,11 
8 12,16  41 12,13  L36 11,15 
9 12,14  42 15,17  L37 11,15 
10 14,14  L1 11,12  L38 10,11 
11 14,14  L2 10,11  L39 11,13 
12 13,14  L4 12,14  L40 12,13 
13 13,14  L5 11,14  L41 12,15 
14 12,14  L6 11,12  L42 12,13 
15 16,17  L7 10,11  L43 10,11 
16 13,16  L8 12,16  L44 10,11 
17 12,17  L10 11,12  L45 11,13 
18 13,15  L11 11,11  L46 10,11 
19 14,17  L12 10,11  L47 11,12 
20 12,17  L13 13,16  L48 11,12 
21 12,17  L14 12,13  L49 13,15 
22 13,14  L15 13,15  L50 15,16 
23 14,14  L16 14,15  L51 11,13 
24 12,12  L17 11,13  L52 11,12 
25 13,17  L18 13,14  L53 10,13 
26 13,14  L21 11,13  L54 11,15 
27 13,14  L22 11,12  L55 11,11 
28 12,12  L23 13,15  L56 11,14 
29 16,17  L24 12,13  L57 10,11 
30 14,17  L25 10,11  L58 11,12 
31 14,17  L26 11,12  L59 12,15 
32 12,12  L27 13,14    
33 12,12  L28 10,11    

 
Table 3:  Locus Pruμ1 genotypes for Caribbean flamingos.  The RLBR ID codes for 
each Caribbean flamingo corresponding to UNT IDs can be found in Appendix B Table 
17. 
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Caribbean 
flamingo 
UNT ID Alleles 

  Caribbean 
flamingo 
UNT ID Alleles 

1 11,11  30 9,11 
2 11,11  31 9,10 
3 11,12  32 9,9 
4 9,11  33 9,11 
5 11,11  34 11,14 
6 9,9  35 11,11 
7 11,12  36 9,14 
8 9,11  37 11,14 
9 11,14  38 11,12 
10 9,9  39 11,11 
11 11,11  40 9,11 
12 9,9  L1 9,9 
13 9,12  L2 9,11 
14 9,10  L3 9,9 
15 9,11  L4 10,11 
16 9,11  L5 9,11 
17 9,9  L6 11,12 
18 9,9  L7 9,11 
19 9,10  L10 9,11 
20 9,9  L11 10,11 
21 9,11  L12 9,11 
22 9,12  L13 9,14 
23 9,11  L14 9,14 
24 11,14  L15 10,11 
25 11,11  L16 9,11 
26 9,14  L17 9,9 
27 9,11  L18 9,11 
28 11,11  L19 9,11 
29 9,11  L20 9,11 

 
Table 4:  Locus Pruμ2 genotypes for Caribbean flamingos.  The RLBR ID codes for 
each Caribbean flamingo corresponding to UNT IDs can be found in Appendix B Table 
17. 
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Caribbean 
flamingo 
UNT ID Alleles 

  Caribbean 
flamingo 
UNT ID Alleles 

1 13,17  31 12,15 
2 12,15  32 12,15 
4 15,20  33 12,17 
5 15,20  34 19,19 
6 15,16  35  17,21 
7 18,19  36  17,20 
8 17,20  37  14,19 
9 14,15  38  13,15 
10 13,19  39  15,20 
11 17,20  40  12,19 
12 15,20  41  17,18 
13 15,15  42 12,15 
14 12,15  L1 15,18 
15 12,15  L2 18,19 
16 10,20  L3 15,20 
17 12,13  L4 12,15 
18 15,20  L5 14,19 
19 9,12  L6 13,20 
20 15,20  L7 17,19 
21 19,19  L8 17,21 
22 12,15  L10 14,15 
23 13,20  L11 17,19 
24 17,17  L12 15,17 
25 16,19  L13 12,18 
26 15,20  L14 13,15 
27 13,19  L15 15,15 
28 17,20  L16 15,15 
29 12,15  L17 17,19 
30 9,20  L18 19,20 

 
Table 5: Locus Pruμ3 genotypes for Caribbean flamingos.  The RLBR ID codes for each 
Caribbean flamingo corresponding to UNT IDs can be found in Appendix B Table 17. 
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Caribbean 
flamingo 
UNT ID Alleles 

  Caribbean 
flamingo 
UNT ID Alleles 

1 7,7  33 16,17 
2 16,17  34 16,17 
3 15,16  40 6,16 
4 16,16  41 12,12 
5 16,17  50 13,14 
6 8,8  51 16,18 
7 11,13  52 16,17 
8 10,10  53 13,16 
9 9,9  54 9,15 
10 9,15  55 11,17 
11 17,18  56 14,15 
12 15,16  57 8,8 
14 14,17  58 16,17 
15 15,18  59 19,19 
17 9,18  L1 13,17 
18 11,17  L2 17,18 
19 7,18  L3 18,19 
20 13,16  L4 6,6 
21 16,18  L5 19,19 
22 15,16  L6 19,19 
23 9,13  L7 13,14 
24 9,16  L9 13,14 
26 16,17  L10 14,15 
27 11,16  L11 14,15 
28 6,8  L12 6,14 
29 15,17  L13 13,14 
30 10,16  L14 11,13 
31 16,18  L17 6,7 
32 13,16  L18 6,17 

 
Table 6:  Locus Pruμ4 genotypes for Caribbean flamingos.  The RLBR ID codes for 
each Caribbean flamingo corresponding to UNT IDs can be found in Appendix B Table 
17. 
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Caribbean 
flamingo 
UNT ID Alleles 

  Caribbean 
flamingo 
UNT ID Alleles 

1 24,27  30 26,27 
2 26,26  31 26,26 
3 26,26  32 26,26 
4 26,26  33 26,26 
5 26,26  34 26,26 
6 26,26  40 26,26 
7 26,26  41 26,26 
8 26,26  L1 26,26 
9 25,26  L2 26,26 
10 26,26  L3 25,26 
11 26,26  L4 26,26 
12 26,26  L5 26,26 
14 26,26  L6 26,26 
15 26,26  L7 26,26 
17 26,26  L10 26,26 
18 26,26  L11 26,26 
19 26,26  L12 26,26 
20 26,26  L13 26,26 
21 26,26  L14 25,26 
22 26,26  L15 26,26 
23 26,26  L16 26,26 
24 26,26  L17 26,26 
26 26,26  L18 26,26 
27 26,26  L21 26,26 
28 25,26  L22 26,26 
29 26,26    

 
Table 7:  Locus Pruμ5 genotypes for Caribbean flamingos.  The RLBR ID codes for 
each Caribbean flamingo corresponding to UNT IDs can be found in Appendix B Table 
17. 
   
 
 
 
 
 
 
 
 



 94

 
 

Caribbean 
flamingo 
UNT ID Alleles 

  Caribbean 
flamingo 
UNT ID Alleles 

1 11,11  59 11,13 
2 11,11  60 11,13 
3 9,11  61 11,11 
4 11,13  62 11,11 
5 11,11  63 11,11 
6 11,11  64 11,13 
7 11,11  65 11,11 
8 11,13  66 11,11 
9 11,11  67 11,11 
10 11,11  68 11,11 
12 11,11  69 11,11 
14 11,11  L1 11,13 
15 11,11  L2 11,11 
16 11,11  L3 11,13 
17 11,11  L4 11,11 
18 11,11  L5 11,13 
19 11,11  L6 11,11 
20 11,13  L8 11,11 
21 11,13  L10 11,11 
22 11,11  L11 11,13 
23 11,13  L12 11,11 
24 11,11  L13 9,11 
26 11,11  L14 11,11 
27 9,11  L15 11,11 
28 11,11  L16 11,11 
29 11,11  L17 11,11 
30 11,11  L18 11,11 
52 11,13  L19 11,11 
53 11,11  L20 11,11 
56 11,11  L21 11,11 
57 9,13  L22 11,11 
58 11,13    

 
Table 8:  Locus Pruμ6 genotypes for Caribbean flamingos.  The RLBR ID codes for 
each Caribbean flamingo corresponding to UNT IDs can be found in Appendix B Table 
17. 
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Allele 
 

No.  Of 
Alleles 

Allele 
Frequency 

10 13 0.067 
11 38 0.196 
12 41 0.211 
13 32 0.165 
14 30 0.155 
15 15 0.077 
16 14 0.072 
17 11 0.057 
All 194 1.000 
   

Homozygotes 9 
Heterozygotes 88 

HWE  
P= 0.52 

Total Samples 97 
Observed Heterozygosity 0.90 

FIS 
-0.066 

Expected Heterozygosity 0.85  
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Figure 36:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.ruber locus Pruμ1.  HWE P values shown are after the Bonferroni correction.  Allele 
frequency distribution is also shown in bar graph format. 
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Allele  
 

No.  Of Alleles Allele 
Frequency 

9 49 0.422 
10 6 0.052 
11 47 0.405 
12 6 0.052 
14 8 0.069 
All 116 1.000 
   

Homozygotes 18 
Heterozygotes 40 

HWE  
P= 0.99 

Total Samples 58 
Observed Heterozygosity 0.69 

FIS 
-0.057 

Expected Heterozygosity 0.65  
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Figure 37:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.ruber locus Pruμ2.  HWE P values shown are after the Bonferroni correction.  Allele 
frequency distribution is also shown in bar graph format. 
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Allele  
 

No.  Of 
Alleles 

Allele 
Frequency 

9 2 0.017 
10 1 0.009 
11 0 0.000 
12 14 0.121 
13 8 0.069 
14 4 0.035 
15 30 0.259 
16 2 0.017 
17 15 0.129 
18 5 0.043 
19 16 0.138 
20 17 0.147 
21 2 0.017 
All 116 1.000 
   

Homozygotes 6 
Heterozygotes 52 

HWE  
P= 0.79 

Total Samples 58 
Observed Heterozygosity 0.90 

FIS 
-0.043 

Expected Heterozygosity 0.86  
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Figure 38:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.ruber locus Pruμ3.  HWE P values shown are after the Bonferroni correction.  Allele 
frequency distribution is also shown in bar graph format. 
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Allele  No. Of Alleles Allele Frequency 

6 7 0.059 
7 4 0.034 
8 5 0.042 
9 7 0.059 

10 3 0.025 
11 5 0.042 
12 2 0.016 
13 12 0.102 
14 9 0.076 
15 10 0.085 
16 22 0.186 
17 16 0.135 
18 9 0.076 
19 7 0.059 
All 118 1.000 
   

Homozygotes 11 
Heterozygotes 48 

HWE  
P= 0.16 

Total Samples 59 
Observed Heterozygosity 0.81 

FIS 
+0.106 

Expected Heterozygosity 0.91  
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Figure 39:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.ruber locus Pruμ4.  HWE P values shown are after the Bonferroni correction.  Allele 
frequency distribution is also shown in bar graph format.   
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Allele  

 
No.  Of 
Alleles 

Allele 
Frequency 

24 1 0.009 
25 4 0.039 
26 97 0.933 
27 2 0.019 
All 104 1.000 
   

Homozygotes 46 
Heterozygotes 6 

HWE  
P= 1.00 

Total Samples 52 
Observed Heterozygosity 0.12 

FIS 
+0.109 

Expected Heterozygosity 0.13  
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Figure 40:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.ruber locus Pruμ5.  HWE P values shown are after the Bonferroni correction.  Allele 
frequency distribution is also shown in bar graph format. 
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Allele  
 

Number 
 Of Alleles 

Allele 
Frequency 

9 4 0.033 
10 0 0.000 
11 107 0.844 
12 0 0.000 
13 15 0.123 
All 126 1.000 
   

Homozygotes 45 
Heterozygotes 18 

HWE  
P= 0.56 

Total Samples 63 
Observed Heterozygosity 0.29 

FIS 
-0.066 

Expected Heterozygosity 0.27  
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Figure 41:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.ruber locus Pruμ6.  HWE P values shown are after the Bonferroni correction. Allele 
frequency distribution is also shown in bar graph format. 
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A negative number indicates heterozygote excess and is consistent with populations 

where breeding between related specimens is low.  A positive number indicates a 

heterozygote deficiency and this can indicate inbreeding or mating occurring among 

closely related specimens more often than expected under conditions of random 

mating.   The FIS values were included for the Caribbean flamingo analyses, even 

though these samples were collected from a large wild population.  These values were 

also calculated as part of the African greater flamingo analyses since these birds are 

from a captive breeding population where inbreeding was one of the specific concerns 

of the Disney wildlife personnel.  Each of the six loci was also evaluated for Hardy-

Weinberg Equilibrium (HWE) and linkage disequilibrium (LD).  P values that appeared 

to indicate a deviation from Hardy-Weinberg equilibrium were verified by applying the 

Bonferroni correction (Rice 1989).  Figures 36-41 contain allele frequencies, observed 

and expected heterozygosities for each locus.  These figures also contain FIS values 

and HWE P values.  The results for each locus are discussed separately here and as a 

group is the Discussion section of this dissertation.   

 

1. Locus Pruμ1 

The repeat region for this locus is (GCA) n and it is a perfect repeat.  Eight alleles 

were observed at this locus.  They were designated 10-17 based on the number of GCA 

repeats.  Allele 12 is the most common allele at a frequency of 0.20.  Alleles 11, 13 and 

14 were also somewhat less common alleles.  Even with four relatively common alleles 

there is no especially high genotypic frequency of any combination of alleles, providing 

a high level of observed heterozygosity.  There was no significant difference in the HO 
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(0.90) and HE (0.85).  The P value of 0.52 indicates that this locus is in Hardy-Weinberg 

equilibrium.  A negative FIS value indicates that there is heterozygous excess at this 

locus, but is presently considered to be likely insignificant given the sample size.     

 

2. Locus Pruμ2 

The repeat region for this locus is (GCA) n and it is also a perfect repeat.  Five 

alleles were observed in the survey population.  They were designated alleles 9-14 

based on the number GCA repeats.  In the 58 Caribbean flamingos studied for this 

locus, an allele 13 was not observed. This suggests that allele 13 is present at a low 

frequency or does not exist in the Caribbean flamingo population.  Alleles 9 and 11 have 

high frequencies of 0.4 in the birds screened.  There are twenty specimens with 

genotype 9,11; ten with 9,9 and eight with 11,11.  These 3 genotypes have a high 

collective frequency of 0.65 in the survey population. There is no substantial difference 

between the HO (0.69) and HE (0.65).  The P value of 0.99 indicates that this locus is in 

Hardy-Weinberg equilibrium.  A negative FIS value indicates heterozygous excess at this 

locus, but it is again considered likely not to be a significant difference based upon the 

size of the survey population.   

 

3. Locus Pruμ3 

This locus is comprised of a complex compound repeat, AAT AAT CAT AAT 

(CAT) n.  Twelve alleles were found in the survey population for this locus.   They were 

designated 9-21, based upon the number of CAT repeat units in the last grouping.  

Allele 15 is the most common allele at a frequency of 0.26.  Alleles 12, 17, 19 and 20 
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are somewhat less common alleles and an allele 11 was not observed in the survey 

population of 58 birds.  This likely indicates that allele 11 is present at either a low 

frequency or simply does not exist in the population.  Alleles 9, 10, 16 and 21 were 

observed at low frequencies.  This locus not only has 12 alleles but also has a high HO 

of 0.90 due to the number of relatively common alleles in the population.  There is no 

single common genotype at this locus and there is a close correspondence between the 

HO (0.90) and HE (0.86) .  The P value of 0.79 indicates that this locus is in Hardy-

Weinberg equilibrium.  A negative FIS value indicates heterozygous excess at this locus, 

but the value suggests that this is likely on a statistical variation reflecting the size of the 

moderate size of the survey population.   

 

4. Locus Pruμ4  

The repeat sequence for this locus is (GCT) n, and it is a perfect repeat.  

Fourteen alleles were observed at this locus, the most observed for any of the six 

isolated polymorphic STR loci.  The alleles were designated alleles 6-19.  Allele 16 is 

the most common allele at a frequency of 0.19.  Alleles 13-19 occurred at higher 

frequencies as compared to alleles 6-12.   Individual allele frequencies are shown in the 

bar graph (Figure 25).  A total of 58 birds were screened. The HO was 0.81 and the HE 

was 0.91.  The lower HO indicates that fewer heterozygotes were observed at this locus 

than expected.  Approximately 20% of the specimens are homozygous and no genotype 

was substantially more common than expected.  The P value of 0.15 after the 

Bonferroni correction indicates that this locus is in Hardy-Weinberg equilibrium.  A 

positive FIS value indicates a heterozygous deficiency at this locus, but it is not clear 
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whether this is simply a statistical variation based upon sample size (considered most 

likely) or if there is some unknown basis for the observed variation.  

 

5. Locus Pruμ5 

This microsatellite locus is comprised of a complex compound repeat (GCA)2 

(ACA)5 (GCA)4 (ACA)2 (GCA)4 ACA GCA ACA (GCA)5 ACA.  Only four alleles were 

observed in the survey population with a single allele (designated 26) occurring at a 

frequency of 0.93.  The remaining alleles were designated 24, 25 and 27 based upon 

the size of the entire “complex” region.  The actual point of variation between alleles 

was not determined for this locus due to small differences in the size of alleles and a 

lack of homozygotes for the less common alleles.  This locus shows low heterozygosity 

with an HO of 0.12, consistent with a locus with 4 total alleles and a single common 

allele.  The low heterozygosity at this locus makes it less useful than other markers with 

many relatively common alleles (Note:  loci with alleles occurring at high frequencies 

(0.8 to 0.99) have a substantially reduced utility as indicators of identity or in other 

studies requiring genetic diversity (Queller et al. 1989)).  The imperfections in the repeat 

region of this locus are consistent with multiple point mutation events and this may have 

stabilized the locus, leading to low levels of “repeat number” polymorphism. There is no 

significant difference between the HO (0.12) and HE (0.13).  The P value of 1.00 indicates 

that this locus is in Hardy-Weinberg equilibrium.  A positive FIS value is indicative of a 

heterozygous deficiency at this locus, but it is considered not to be a likely significant 

difference.   
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6. Locus Pruμ6 

The repeat sequence for this locus is (GCT) n and the locus is a perfect repeat.  

This locus has three alleles (9, 11 and 13) in the survey population.   Alleles of sizes 10 

and 12 were not observed in the 63 Caribbean flamingo survey group for this locus, but 

as noted later, were found in the African greater flamingo group.  This locus does not 

exhibit a high level of polymorphism in Caribbean flamingos, having an HO of 0.29.  

Allele 11 has a high frequency (0.8) in the population.  As before, the likely explanation 

for not observing alleles 10 and 12 is that they exist at a low frequency or they are not 

found in the Caribbean flamingo population.  As expected, the homozygous genotype 

11,11 is the most common, occurring at a frequency of 0.71 in the birds screened.  

There is a close correspondence between the HO (0.29) and HE (0.27) and the P value of 

0.56 indicates that this locus is in Hardy-Weinberg equilibrium.  A negative FIS value 

indicates heterozygous excess at this locus but again this is considered to be a likely 

insignificant difference. 

The Caribbean flamingo population studied in this study is genetically diverse 

based upon the high heterozygosity levels for four of the six microsatellites studies.  All 

loci appear to be in Hardy-Weinberg equilibrium and the linkage disequilibrium analysis 

(P>0.05) indicates that none of the loci pairs influence each other.  

Any microsatellite loci that were monomorphic in the Caribbean flamingos were 

not studied in the other species, because the probability of them being polymorphic in 

the other species was considered to be low.  However, after analyzing each of the 

polymorphic microsatellite loci in Caribbean flamingos, the homologous loci were also 

characterized in African greater, Chilean and lesser flamingos.   
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Genetic Profiling of Homologous Microsatellite  
Loci in African Greater Flamingos 

 
The six polymorphic microsatellite loci were next characterized in African greater 

flamingos.  PCR reactions with two African greater flamingo genomic DNA specimens 

were set up, initially using the same optimum annealing temperatures as for Caribbean 

flamingos.  The reaction products were electrophoresed on 2% agarose gels to check 

for presence of definitive PCR products. All Caribbean flamingo primer sets produced 

products using African greater flamingo templates and thus no additional optimization 

was done at this time.  The presence of products demonstrated that these loci were well 

conserved in the African greater flamingos.  The next step was to determine which if 

any of these loci exhibited polymorphism in the African birds.  Each locus was screened 

for 5-8 specimens.  This first screening was performed using denaturing polyacrylamide 

gels.  Figures 42-47 show electrophoretic analyses of the products derived from each 

locus.  All six loci exhibited polymorphism.  These results indicated that the 

microsatellite loci isolated from Caribbean flamingos could also be used for population 

studies of African greater flamingos.  The homologous loci were named specifically for 

African greater flamingos, using Proμ1- Proμ6 as the names for homologous loci Pruμ1- 

Pruμ6.  All available (total of 47 with 22 being wild-caught birds) African greater 

flamingo samples were profiled at each locus. Figures 48-53 show electrophoretic 

analyses of each locus.  Loci Proμ1, 3 and 4 required some additional optimization 

when analyzed on denaturing polyacrylamide gels.  The initial annealing temperature 

used for Proμ1 and Proμ4 was 60 °C. This resulted in non-specific primer binding and 

spurious amplification products. In order to correct this, the annealing temperature was 

raised to 61 °C. The initial temperature used for Pro was 58 °C, but an annealing 
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temperature of 63 °C was determined to be necessary to eliminate nonspecific primer 

binding.  After analyzing the denaturing polyacrylamide gel autoradiographs for each  
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Figure 42: Polymorphism analysis of the Proμ1 locus in African greater flamingos.  Six 
specimens were screened and 6 alleles were observed.  Electrophoretic conditions 
were a 5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h.  This 
locus was amplified using the 1-32a primer set. 
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Figure 43: Polymorphism analysis of the Proμ2 locus in African greater flamingos.  Six 
specimens were screened and 8 alleles were observed.  Electrophoretic conditions 
were a 5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h. The locus 
was amplified using 4-10 primer set. 
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Figure 44: Polymorphism analysis of the Proμ3 locus in African greater flamingos.  Four 
specimens were screened and 2 alleles were observed.  Electrophoretic conditions 
were a 5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h.  This 
locus was amplified using the 2-15b primer set.     
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Figure 45: Polymorphism analysis of the Proμ4 locus in African greater flamingos. Ten 
specimens were screened and 6 alleles were observed.  Electrophoretic conditions 
were a 5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h.  This 
locus was amplified using the 1-46a primer set. 
 

  1              5 

 
 

Figure 46: Polymorphism analysis of the Proμ5 locus in African greater flamingos.  Five 
specimens were screened and 2 alleles were observed.  Electrophoretic conditions 
were a 5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h. This 
locus was amplified using 4-42 primer set.     
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Figure 47: Polymorphism analysis of the Proμ6 locus in African greater flamingos.  Five 
specimens were screened and 4 alleles were observed.  Electrophoretic conditions 
were a 5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h.  This 
locus was amplified using 4-28 primer set.     
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Figure 48:  Genetic profiling of P.r.roseus specimens at locus Proμ1.  The sample 
numbers (UNT IDs) are on top and allele designations to the left of the image.  
Specimens 1-47 are African greater flamingos.  Specimens 48 and 49 are lesser 
flamingos.  The Disney ID codes for each flamingo corresponding to UNT IDs can be 
found in Appendix B Table 18. Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 49: Genetic profiling of P.r.roseus specimens at locus Proμ2. The lane numbers 
are on top and allele designations are to the left of the image.  Lane 20 is a lesser 
flamingo sample.  UNT ID codes of specific bird samples loaded on to each lane can be 
found in Appendix D Table 22.  The Disney ID codes for each flamingo corresponding to 
UNT IDs can be found in Appendix B Table 18.   Electrophoretic conditions were a 
5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h. 
 
 
 
 
 
 
 
 
 
  

17 

10 



 110

13 

8 

18 

13 

           1      5         10          15         20         25        30          35       40               48 

 
 
Figure 50:  Genetic profiling of P.r.roseus specimens at locus Proμ3.  The sample 
numbers (UNT IDs) are on top and allele designations to the left of the image.  
Specimens 1-47 are African greater flamingos.  Specimens 48 and 49 are lesser 
flamingos.  The Disney ID codes for each flamingo corresponding to UNT IDs can be 
found in Appendix B Table 18.  Electrophoretic conditions were a 8% denaturing 
polyacrylamide gel electrophoresed at 15 W for 3.5 h. 
 
       1  3      6             12                           23                         34                     46     48  

 
 
Figure 51:  Genetic profiling of P.r.roseus specimens at locus Proμ4.  The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
Specimens 1-47 are African greater flamingos.  Specimens 48 and 49 are lesser 
flamingos.  The Disney ID codes for each flamingo corresponding to UNT IDs can be 
found in Appendix B Table 18.   Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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Figure 52:  Genetic profiling of P.r.roseus specimens at locus Proμ5.  The lane numbers 
are on top and allele designations to the left of the image.  Specimens 9 and 10 are 
lesser flamingos.  UNT ID codes of specific bird samples loaded on to each lane can be 
found in Appendix D Table 23.  The Disney ID codes for each flamingo corresponding to 
UNT IDs can be found in Appendix B Table 18.  Electrophoretic conditions were a 
5.75% denaturing polyacrylamide gel electrophoresed at 20 W for 3 h. 
 
        1       5          10           17     18                              33                     45    48 

 
 

Figure 53:  Genetic profiling of P.r.roseus specimens at locus Proμ6.  The sample 
numbers (UNT IDs) are on top and allele designations to the left of the image.  
Specimens 1-47 are African greater flamingos.  Specimens 48 and 49 are lesser 
flamingos.  The Disney ID codes for each flamingo corresponding to UNT IDs can be 
found in Appendix B Table 18.  Electrophoretic conditions were a 5.75% denaturing 
polyacrylamide gel electrophoresed at 20 W for 3 h. 
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African greater 

UNT ID 
Alleles  African greater

UNT ID 
Alleles 

1 10,16    25 13,14 
2 10,10  26 14,16 
3 10,18  27 11,14 
4 10,17  28 12,15 
5 10,17  29 12,14 
6 10,18  30 12,15 
7 15,17  31 16,17 
8 16,17  32 15,20 
9 12,18  33 13,16 
10 12,16  34 15,16 
11 12,16  35 10,20 
12 12,16  36 14,15 
13 12,14  37 12,13 
14 14,18  38 13,14 
15 14,14  39 12,14 
16 14,17  40 13,16 
17 13,14  41 12,20 
18 13,17  42 10,17 
19 13,17  43 14,14 
20 17,18  44 13,15 
21 12,14  45 12,17 
22 16,17  46 13,17 
23 11,12  47 11,18 
24 12,15    

 
Table 9:  Locus Proμ1 genotypes for African greater flamingos. The Disney ID codes for 
each flamingo corresponding to UNT IDs can be found in Appendix B Table 18. 
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African greater 
UNT ID 

Alleles  African greater
UNT ID 

Alleles 

1 9,16  25 13,17 
2 9,16  26 15,19 
3 9,17  27 15,16 
4 9,15  28 9,16 
5 9,16  29 14,18 
6 15,18  30 12,18 
7 15,16  31 9,19 
8 15,16  32 14,17 
9 15,18  33 13,16 
10 9,18  34 9,19 
11 9,16  35 14,17 
12 9,15  36 15,18 
13 9,9  37 9,14 
14 9,16  38 9,15 
15 9,9  39 9,15 
16 15,17  40 14,16 
17 15,17  41 9,16 
18 9,15  42 16,18 
19 9,17  43 9,16 
20 9,15  44 14,18 
21 9,18  45 9,11 
22 15,18  46 12,15 
23 9,16  47 15,16 
24 8,8    

 
Table 10:  Locus Proμ2 genotypes for African greater flamingos. The Disney ID codes 
for each flamingo corresponding to UNT IDs can be found in Appendix B Table 18. 
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African greater 
UNT ID 

Alleles  African greater
UNT ID 

Alleles 

1 18,20  25 15,20 
2 18,19  26 13,20 
3 13,19  27 13,15 
4 17,19  28 19,19 
5 13,14  29 11,14 
6 17,19  30 19,20 
7 14,17  31 13,14 
8 14,14  32 14,14 
9 14,14  33 14,16 
10 16,17  34 14,17 
11 17,19  35 17,21 
12 16,17  36 11,20 
13 14,16  37 14,17 
14 13,19  38 16,17 
15 14,19  39 16,17 
16 14,17  40 18,19 
17 14,17  41 14,17 
18 14,14  42 17,19 
19 14,16  43 14,17 
20 14,16  44 13,14 
21 11,18  45 14,17 
22 13,19  46 14,19 
23 17,19  47 11,17 
24 13,14    

 
Table 11:  Locus Proμ3 genotypes for African greater flamingos. The Disney ID codes 
for each flamingo corresponding to UNT IDs can be found in Appendix B Table 18.  
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African greater 

UNT ID 
Alleles  African greater

UNT ID Alleles 
1 11,14  25 10,10 
2 11,12  26 10,10 
3 11,12  27 10,11 
4 10,12  28 10,11 
5 10,12  29 11,13 
6 8,11  30 11,12 
7 8,10  31 7,7 
8 8,8  32 11,11 
9 8,9  33 8,8 
10 11,12  34 9,10 
11 8,9  35 10,11 
12 9,13  36 10,11 
13 10,13  37 13,14 
14 9,9  38 10,11 
15 7,9  39 11,13 
16 6,9  40 14,14 
17 6,11  41 6,13 
18 6,11  42 12,13 
19 9,11  43 9,10 
20 6,9  44 6,14 
21 7,7  45 10,10 
22 7,9  46 10,11 
23 13,13  47 9,14 
24 9,9    

 
Table 12:  Locus Proμ4 genotypes for African greater flamingos.  The Disney ID codes 
for each flamingo corresponding to UNT IDs can be found in Appendix B Table 18. 
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African greater 
UNT ID 

Alleles  African greater
UNT ID 

Alleles 

1 25,26  25 26,26 
2 26,27  26 26,26 
3 26,27  27 26,26 
4 26,27  28 26,26 
5 26,27  29 26,26 
6 26,27  30 26,26 
7 26,26  31 26,26 
8 26,26  32 26,26 
9 26,26  33 26,26 
10 26,27  34 26,27 
11 24,26  35 26,26 
12 26,26  36 26,26 
13 26,28  37 26,26 
14 26,26  38 26,26 
15 26,26  39 26,26 
16 26,26  40 26,26 
17 24,26  41 26,26 
18 26,26  42 26,26 
19 26,26  43 26,26 
20 26,26  44 26,26 
21 26,26  45 26,26 
22 26,26  46 26,26 
23 26,26  47 27,27 
24 26,26    

 
Table 13:  Locus Proμ5 genotypes for African greater flamingos.  The Disney ID codes 
for each flamingo corresponding to UNT IDs can be found in Appendix B Table 18. 
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African greater 
UNT ID 

Alleles  African greater
UNT ID 

Alleles 

1 9,12  25 12,13 
2 7,9  26 13,14 
3 7,9  27 10,13 
4 9,12  28 9,9 
5 7,13  29 12,14 
6 9,13  30 9,11 
7 12,13  31 8,14 
8 7,13  32 11,13 
9 13,13  33 11,13 
10 11,11  34 9,11 
11 12,14  35 11,13 
12 11,14  36 11,13 
13 11,14  37 11,11 
14 10,12  38 11,11 
15 10,14  39 9,13 
16 7,9  40 9,11 
17 9,13  41 12,13 
18 7,9  42 9,13 
19 7,9  43 12,14 
20 7,8  44 8,11 
21 7,13  45 7,11 
22 9,11  46 8,13 
23 11,12  47 7,11 
24 7,11    

 
Table 14:  Locus Proμ6 genotypes for African greater flamingos.  The Disney ID codes 
for each flamingo corresponding to UNT IDs can be found in Appendix B Table 18. 
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Allele No. Of Alleles Allele Frequency 

10 9 0.096 
11 3 0.032 
12 15 0.160 
13 10 0.106 
14 16 0.170 
15 8 0.085 
16 11 0.117 
17 13 0.138 
18 6 0.064 
19 0 0.000 
20 3 0.032 
All 94 1.000 

   
Homozygotes 3 
Heterozygotes 44 

HWE  
P=0.58 

Total 47 
Observed Heterozygosity 0.94 

FIS 
-0.0054 

Expected Heterozygosity 0.89  
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Figure 54:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.roseus locus Proμ1.  Allele frequency distribution is also shown in bar graph format. 
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Allele No. Of Alleles Allele Frequency 
8 2 0.021 
9 27 0.287 
10 0 0.000 
11 1 0.010 
12 2 0.032 
13 2 0.021 
14 2 0.096 
15 18 0.170 
16 16 0.160 
17 7 0.043 
18 10 0.117 
19 3 0.043 
All 94 1.000 
   

Homozygotes 3 
Heterozygotes 44 

HWE  
P=0.10 

Total 47 
Observed Heterozygosity 0.94 

FIS 
-0.119 

Expected Heterozygosity 0.84  
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Figure 55:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.roseus locus Proμ2.  Allele frequency distribution is also shown in bar graph format. 
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Allele 
No. Of 
Alleles Allele Frequency 

11 4 0.043 
12 0 0.000 
13 9 0.096 
14 27 0.287 
15 2 0.021 
16 8 0.085 
17 20 0.213 
18 5 0.053 
19 13 0.138 
20 5 0.053 
21 1 0.010 
All 94 1.000 
   

Homozygotes 5 
Heterozygotes 42 

HWE  
P=1.00 

Total 47 
Observed Heterozygosity 0.89 

FIS  
-0.0630 

Expected Heterozygosity 0.84  
 

Proμ3

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

11 13 14 15 16 17 18 19 20 21
Allele

A
lle

le
 F

re
qu

en
cy

 

Figure 56:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.roseus locus Proμ3.  Allele frequency distribution is also shown in bar graph format. 
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Allele No. Of Alleles Allele Frequency 
6 6 0.064 
7 6 0.064 
8 8 0.085 
9 15 0.160 
10 18 0.192 
11 19 0.202 
12 7 0.075 
13 9 0.096 
14 6 0.064 
All 94 1.000 
   

Homozygotes 12 
Heterozygotes 35 

HWE 
P=0.06 

Total 47 
Observed Heterozygosity 0.75 

FIS 
+0.0492 

Expected Heterozygosity 0.87  
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Figure 57:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.roseus locus Proμ4.  Allele frequency distribution is also shown in bar graph format. 
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Allele 
No. Of  
Alleles 

Allele 
Frequency 

24 2 0.021 
25 1 0.010 
26 81 0.862 
27 9 0.096 
28 1 0.010 
All 94 1.000 
   

Homozygotes 36 
Heterozygotes 11 

HWE 
P=0.60  

Total 47 
  

FIS 
+0.0656 

Observed Heterozygosity 0.23  
Expected Heterozygosity 0.25  
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Figure 58:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.roseus locus Proμ5.  Allele frequency distribution is also shown in bar graph format. 
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Allele 
No. Of 
Alleles 

Allele 
Frequency 

7 12 0.128 
8 4 0.043 
9 17 0.181 
10 3 0.032 
11 21 0.223 
12 10 0.106 
13 19 0.202 
14 8 0.085 
All 94 1.000 
   

Homozygotes 5 
Heterozygotes 42 

HWE 
P=0.63 

Total 47 
Observed Heterozygosity 0.89 

FIS 
-0.0546 

Expected Heterozygosity 0.85  
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Figure 59:  Alleles, allele frequency, observed/expected heterozygosities, Hardy-
Weinberg equilibrium (HWE) probability (P) and inbreeding coefficient (FIS) for the 
P.r.roseus locus Proμ6.  Allele frequency distribution is also shown in bar graph format. 
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locus, homozygotes were identified for each of the six loci.  As with the Caribbean 

flamingo loci, the amplification products from these individuals were utilized to 

determine allele sizes by DNA sequence analyses.  Nucleotide sequences of 

homozygotes for each locus can be found in Appendix C.  Each bird was profiled at all 

six loci and the information was compiled into tables as before (Tables 9-14). This 

information was then used to calculate allele frequencies, observed/expected 

heterozygosities, FIS values, HWE P values and LD.  Bonferroni corrections were 

applied to any P values that appeared to deviate from Hardy-Weinberg equilibrium.  

Figures 54-59 contain information regarding HE, HO, FIS and HWE P values. Table 24 of 

Appendix E contains information related to primers and annealing temperatures for the 

six loci.  The analysis of each locus is discussed separately below.  It should be 

reemphasized at this time that the 47 African greater flamingos include both adult wild-

caught birds as well as their offspring.  Based upon this limited wild-caught sample size 

and a significant number of genetically related birds reported values such as allele 

frequencies should only be considered estimates at this time.  More statistically 

significant analyses of the data will only be possible upon screening many additional 

unrelated wild birds.   

 

1. Locus Proμ1 

This locus has a repeat sequence of (GCA) n and it is a perfect repeat.  Eleven 

alleles were observed at this locus.  These alleles were designated 10-20 based upon 

the number of GCA repeats. The most common alleles are 12 (0.16) and 14 (0.17).  

Allele 19 was not observed in the survey population of 47 birds.  As with some 
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unobserved alleles in the Caribbean flamingo survey group, this could be because it is 

present at a low frequency or simply does not exist in the population.  Alleles 11 and 20 

were observed at low frequencies.  There was no single common genotype at this 

locus. There is no substantial difference between HO (0.94) and HE (0.89), again 

considering sample size for the survey population.  The FIS value for this locus was -

0.054, and being a negative number indicates heterozygous excess.  However, this is 

not significant given it’s the small size of the survey population as well as the number 

itself. The P value of 0.58 indicates that this locus is in Hardy-Weinberg equilibrium.  

 

2. Locus Proμ2 

This locus has a repeat sequence of (GCA) n and it is a perfect repeat.  Eleven 

alleles were observed at this locus.  They were designated 8-19 based upon the 

number of GCA repeats.  Alleles 8, 11, 12, 13 and 11 were observed at low frequencies, 

but this could change upon screening additional unrelated specimens.   Allele 10 was 

not observed in the survey population, perhaps because this allele is a low frequency 

allele but again the small number of wild-caught birds in the survey population could 

make sampling error an equally likely explanation. There is no single genotype that was 

common.  No significant difference was observed between the HO (0.94) and HE (0.84).  

A negative FIS value of -0.119 indicates heterozygous excess, but this excess is likely 

nonexistent for the reasons given previously.  The P value of 0.10 indicates that this 

locus is in Hardy-Weinberg equilibrium.  
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3. Locus Proμ3 

This microsatellite locus is composed of a complex compound repeat sequence, 

AAT AAT CAT AAT (CAT) n.  Ten alleles were observed at this locus.  These alleles 

were designated as 11-21 based upon the number of CAT repeats. Allele 14 is the most 

common allele at a frequency of 0.28.  Allele 12 was not observed in the survey 

population.  This allele, as other unobserved alleles, could be a low frequency allele or 

not exist in the population.  Allele 11, 15 and 21 were observed at low frequencies, but 

as with the less common alleles of locus Proμ2, these frequencies may change 

substantially as the survey group is increased in size.  The FIS value for this locus is -

0.0630 indicating that there is a small heterozygote excess.  However, with the available 

survey population this is not likely significant.  There is no significant difference between 

HO (0.89) and HE (0.84).  The P value of 1.00 indicates that this locus is in Hardy-

Weinberg equilibrium.  

 

4. Locus Proμ4 

The repeat sequence at this locus is (GCA) n and it is a perfect repeat.  Nine 

alleles were observed at this locus.  These alleles were designated 6-14 based upon 

the number of GCA repeats.  Alleles 9 (0.21), 10 (0.20) and 11 (0.18) are the most 

common alleles.  There was no single common genotype.  At this locus a substantial 

difference was observed between the HO (0.75) and HE (0.87) as compared to other loci. 

This difference may be attributed to sampling error or the presence of null alleles.   The 

FIS value for this locus is +0.147. This positive value is consistent with a heterozygote 

deficiency, which is always of concern for a captive population with many captive-born 
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birds.  However, although a positive number of this magnitude is deserving of further 

study/monitoring, it is not clear how significant this is at this point given the sample 

population size and the absence of similar positive values at the other five loci. The P 

value of 0.06 indicates that this locus is in Hardy-Weinberg equilibrium.  

 

5.  Locus Proμ5 

The repeat sequence is a complex compound repeat of (GCA) 2 (ACA) 5 (GCA) 4 

(ACA) 2 (GCA) 4 ACA GCA ACA (GCA) 4 ACA.  Five alleles (compared to 4 at the 

homologous Caribbean flamingo locus) were observed in the survey population with 

allele 26 occurring at a frequency of 0.86.  Allele 26 was also found to be the most 

common allele for the homologous Caribbean flamingo locus Pruμ5.  Since this locus 

has a single allele with such a high frequency it is again a less useful marker for genetic 

diversity studies as is the case with the Caribbean flamingo locus Pruμ5.  The remaining 

alleles were 24, 25, 27 and 28.  The actual point of variation was not determined for this 

locus in this subspecies either.  Most of the birds screened are homozygous with allele 

26.  The FIS value for this locus is +0.0656 indicating a small heterozygote deficiency, 

but this is not considered significant.  There is no substantial difference between the 

observed (0.23) and expected (0.25) heterozygosities.  The P value of 0.60 indicates 

that this locus is in Hardy-Weinberg equilibrium.  

 

6. Locus Proμ6 

The repeat sequence for this locus is (GCA) n. and it is a perfect repeat.   Eight 

alleles were observed at this locus.  They were designated 7-14 based upon the 
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number of GCA repeats.  There were only 3 alleles observed at the homologous 

Caribbean flamingo locus Pruμ6 with a survey population of nearly 60 unrelated wild-

caught birds.  Allele 11 (0.22) is the most common, followed by alleles 9 (0.18) and 13 

(0.20).  There is no single genotype that was excessively common.  There is no 

substantial difference between the HO (0.89) and HE (0.85).  The FIS value for this locus 

is -0.0546 indicating heterozygous excess, but it is not considered significant given the 

survey population size and its low magnitude. The P value of 0.63 indicates that this 

locus is in Hardy-Weinberg equilibrium.  

The six microsatellite loci originally isolated from Caribbean flamingos were 

conserved and polymorphic in the African greater flamingos.  From the analyses of each 

locus, the captive population maintained at Disney’s Animal Kingdom of African greater 

flamingos appears to be genetically diverse.  All loci were found to be in Hardy-

Weinberg equilibrium and linkage disequilibrium analysis did not indicate any loci 

influencing the inheritance of alleles at other loci.   

 

Genetic Profiling of Microsatellite Loci in Lesser Flamingos 

 Each of the six polymorphic microsatellite loci was also characterized in the 

lesser flamingos. However, since samples were available from only two individuals, the 

study of these loci and the possible conclusions that could be drawn are more limited for 

this species.  Homologous loci in this case were given Pmiμ1- Pmiμ6 designations.  The 

same annealing temperatures used for African greater flamingos were also used for 

lesser flamingos. Although there was a reasonable possibility that we would not be able 

to detect polymorphism with only two samples, all loci except Pmiμ5 showed 
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polymorphism.  Figures 48-53 include lesser flamingo profiles.  Since the loci 

homologous to Pmiμ5 in the other species studied exhibited low 

polymorphism/heterozygosity, it was not unexpected that a two-sample survey did not 

demonstrate polymorphism at this locus.  However, this locus may exhibit a similar low 

level of polymorphism in the lesser flamingos  

It is assumed that, due to random mutation events, microsatellite loci would have 

a more or less bell curve shaped distribution of alleles.  In the previous analyses of the 

six loci in African greater and Caribbean flamingos, the expected more or less 

continuum of alleles was generally observed.  This was clearly not possible to verify for 

the lesser flamingos.  However, with just two survey samples, loci Pmiμ1 and Pmiμ6 

have 4 alleles.  For loci Pmiμ2, Pmiμ3 and Pmiμ4, 3 alleles were observed.  Although it 

is thus clear that these loci will exhibit a similarly high level of 

polymorphism/heterozygosity in these birds, more lesser flamingos will need to be 

profiled before it will be possible to complete statistical analyses of each locus.   Table 

24 of Appendix E contains primer sequence information and optimum annealing 

temperatures for each locus. 

 

Genetic Profiling of Microsatellite Loci in Chilean Flamingos 

The final flamingos species studied with these loci was Phoenicopterus chilensis, 

the Chilean flamingos.  Initial PCR reaction products were electrophoresed on 2% 

agarose gels and all loci were sufficiently conserved to allow amplification using the 

standard primer sets.  Each of the eight available samples was screened directly on 

denaturing polyacrylamide gels (Figures 60-67).  The loci were again named according 
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11 

15 

to the standard (Pchμ1- Pchμ6).  Polymorphism was observed at each locus except 

Pchμ5, which has always exhibited a low rate of polymorphism/heterozygosity in each 

of the flamingo species.  Homozygotes were identified for four of the six loci and  
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Figure 60:  Genetic profiling of P. chilensis specimens at locus Pchμ1.  The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
The Dallas Zoo bird IDs for each Chilean flamingo corresponding to UNT IDs can be 
found in Table 15.  Electrophoretic conditions were a 5.75% denaturing polyacrylamide 
gel electrophoresed at 20 W for 3 h. 
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Figure 61:  Genetic profiling of P. chilensis specimens at locus Pchμ1.  The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
The Dallas Zoo bird IDs for each Chilean flamingo corresponding to UNT IDs can be 
found in Table 15.  Electrophoretic conditions were a 5.75% denaturing polyacrylamide 
gel electrophoresed at 20 W for 3 h. 
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Figure 62:  Genetic profiling of P. chilensis specimens at locus Pchμ2.  The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
The Dallas Zoo bird IDs for each Chilean flamingo corresponding to UNT IDs can be 
found in Table 15. Electrophoretic conditions were a 5.75% denaturing polyacrylamide 
gel electrophoresed at 20 W for 3 h. 
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Figure 63:  Genetic profiling of P. chilensis specimens at locus Pchμ3. The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
The Dallas Zoo bird IDs for each Chilean flamingo corresponding to UNT IDs can be 
found in Table 15. Electrophoretic conditions were a 5.75% denaturing polyacrylamide 
gel electrophoresed at 20 W for 3 h. 
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Figure 64:  Genetic profiling of P. chilensis specimens at locus Pchμ3. The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
The Dallas Zoo bird IDs for each Chilean flamingo corresponding to UNT IDs can be 
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found in Table 15. Electrophoretic conditions were a 5.75% denaturing polyacrylamide 
gel electrophoresed at 20 W for 3 h. 
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Figure 65:  Genetic profiling of P. chilensis specimens at locus Pchμ4. The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
The Dallas Zoo bird IDs for each Chilean flamingo corresponding to UNT IDs can be 
found in Table 15.  Electrophoretic conditions were a 5.75% denaturing polyacrylamide 
gel electrophoresed at 20 W for 3 h. 
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Figure 66:  Genetic profiling of P. chilensis specimens at locus Pchμ5.  The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
The Dallas Zoo bird IDs for each Chilean flamingo corresponding to UNT IDs can be 
found in Table 15.  Electrophoretic conditions were a 5.75% denaturing polyacrylamide 
gel electrophoresed at 20 W for 3 h. 
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Figure 67: Genetic profiling of P. chilensis specimens at locus Pchμ6.  The sample 
numbers (UNT IDs) are listed on top and allele designations are on the left of the image.  
The Dallas Zoo bird IDs for each Chilean flamingo corresponding to UNT IDs can be 
found in Table 15.  Electrophoretic conditions were a 5.75% denaturing polyacrylamide 
gel electrophoresed at 20 W for 3 h. 
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Chilean 
flamingo 
UNT ID 

Dallas 
Zoo ID Sex 

Locus 
Pchμ1 

 

Locus 
Pchμ2 

 

Locus 
Pchμ3 

 

Locus 
Pchμ4 

 

Locus 
Pchμ5 

 

Locus 
Pchμ6 

 
1 938652 Female 12,17 3,3 2,3 14,15 26,26 10,10 
2 000E39 Male 11,16 1,3 3,3 15,15 26,26 10,11 
3 938639 Male 16,18 1,1 1,2 15,18 26,26 10,11 
4 000E51 Female 11,16 2,3 3,3 17,18 26,26 10,10 
5 983651 Female 11,16 2,3 1,3 15,15 26,26 10,10 
6 97B619 Male 11,18 6,6 1,3 14,17 26,26 9,10 
7 97B618 Male 16,18 1,3 2,7 15,18 26,26 10,11 
8 938641 Female 11,16 1,3 2,2 14,15 26,26 10,11 

 
Table 15: Pchμ1-Pchμ6 loci genotypes for Chilean flamingos.  Information regarding 
sex, Dallas Zoo ID and UNT ID of each Chilean flamingo are also part of this table.     
 
 

sequenced to determine in order to make correct allele size assignments.  Individual 

sequences can found in Appendix C.  Due to having only eight Chilean flamingo 

samples, no statistical analyses were performed for the loci in these birds.  After 

profiling the eight samples it was observed that locus Pchμ1 has a minimum of 5 alleles 

in Chilean flamingos, loci Pchμ2, Pchμ3 and Pchμ4 each have at least 4 alleles and 

locus Pchμ6 has a minimum of 3 alleles.  The number of alleles observed at each locus 

even with this relatively small survey group indicates that these loci will also be useful 

for the study of Chilean flamingos.  However, a substantially larger survey population 

will be required to accurately estimate various allele frequencies, levels of 

heterozygosity, etc. as was done for the other flamingo groups. The primer sequences 

and optimum annealing temperatures for each locus can be found in Table 24 of 

Appendix E.  

An attempt was also made to analyze all six microsatellite loci for amplifiable 

homologous regions in roseate spoonbills and Marabou Storks (ongoing work by Tristan 
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Alvarade).   All six loci were conserved as indicated by the successful amplification of 

products using the primer sets.  The locus homologous to locus μ1 appears to be 

polymorphic in marabou storks.  This demonstrates that these loci are generally well 

conserved in birds and may be polymorphic across a range of species. 

 

Parentage Analyses of Reported Pedigrees  
in African Greater Flamingo Pedigrees 

 
African greater flamingo samples were acquired from Disney’s Animal Kingdom.  

These birds are a mixture of wild-caught, exchanged from other zoos or captive-born 

individuals.  The blood samples provided were from nine identified family groups based 

upon keeper observations. Figures 68-76 show the reported pedigrees and the 6-locus 

microsatellite genotypes developed for each suggested family group.  For purposes of 

parentage analysis, the ID assigned to each bird was in the form Gxyz, where G was 

used for greater flamingos and xyz are the last three digits of the provided Disney bird 

ID.  A correlation between UNT and complete Disney identification codes can be found 

in Table 18 of Appendix B. 

Parental inclusions and exclusions were determined using the following 

guidelines.  Reported parents who shared at least one allele with the offspring at all six 

loci were recorded as “included” as possible parents.  Any recorded parent that did not 

share an allele with the offspring at two or more loci was considered a definite 

“exclusion” as a possible parent.  When only one suggested parent was included at all 

six loci, and a single allele at a heterozygous locus could have been inherited from 

either parent, that allele was assigned to the parent included at all six loci and the 

remaining parent was excluded at this locus.  Presently the de novo mutation rates for 
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these six microsatellite loci have yet to be determined and thus mutation must be 

considered a possible, although admittedly unlikely, explanation for the single locus 

exclusion.  Further testing, using nine additional flamingo microsatellite loci in the final 

stages of characterization, will allow for a more complete genetic analysis of these 

families in the near future.  Therefore, suggested parents who failed to share an allele 

with an offspring (excluded) at only one locus were considered “possible exclusions” or 

“inconclusive” at this time.  In each case of exclusion, the remaining birds in the sample 

population were searched for other possible dam/sire candidates (included at a  

  

 

 

 
 
 
 
 
 

  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Sire G849 10,18 9,17 13,19 11,12 26,27 7,9 
Dam G716 10,16 9,16 18,20 11,14 25,26 9,12 

Offspring ♀ G287 10,10 9,16 18,19 11,12 26,27 7,9 
 
Figure 68:  Reported pedigree and 6-locus microsatellite genotype for suggested Family 
Group I.  Sire G849 and Dam G276 were included at all six loci for offspring G287.   

G716G849

G287
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  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Sire  G849 10,18 9,18 13,19 11,12 26,27 7,9 
 Dam  G855 15,17 15,16 14,17 8,10 26,26 12,13 

Offspring ♀ G169 10,17 9,15 17,19 10,12 26,27 9,12 
Offspring ♂ G005 10,17 9,16 13,14 10,12 26,27 7,13 
Offspring ♂ G146 10,18 15,18 17,19 8,11 26,27 9,13 

 
Figure 69:  Reported pedigree and 6-locus microsatellite genotype for suggested Family 
Group II.  Sire G849 and dam G849 were included at all six loci for offspring G169, 
G005 and G146.   
 

 
 
 
 
 
 
 
 
 
 
 

  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Sire  G712 13,14 15,17 14,17 6,11 24,26 9,13 
Dam  G715 17,18 9,15 14,16 6,9 26,26 7,8 

Offspring ♂ G289 13,17 9,15 14,14 6,11 26,26 7,9 
Offspring ♂ G296b 14,17 15,17 14,17 6,9 26,26 7,9 
Offspring ♀ G265 13,17 9,17 14,16 9,11 26,26 7,9 

 
Figure 70:  Reported pedigree and 6-locus microsatellite genotype for suggested Family 
Group III.  Both sire G712 and dam G715 were included at all six loci for offspring G289, 
G296b and G265.   

G169 G146

G849 G855

G005

G712 G715

G296bG289 G265
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Figure 71:  Reported pedigree and 6-locus microsatellite genotype for suggested Family 
Group IV. Sire G714 is excluded at two loci (Proμ3 and Proμ4) for offspring G147.  Dam 
G716 is excluded at three loci (Proμ1, Proμ2 and Proμ6) for offspring G147. 
Both sire G714 and dam G716 are included at all six loci for offspring G255. 
 

 
 
 
 
 
 
 
  
 
 

  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Sire  G850 12,14 9,9 14,16 10,13 26,28 11,14 
Dam  G852 14,18 9,16 13,19 9,9 26,26 10,12 

Offspring ♀ G296a 14,14 9,9 14,19 7,9 26,26 10,14 
Offspring ♀ G308 14,14 9,16 14,17 9,10 26,26 12,14 

 
Figure 72: Reported pedigree and 6-locus microsatellite genotype for suggested Family 
Group V.  Sire G850 is excluded at one locus (Proμ4) for offspring G296a and is 
therefore classified as inconclusive.  Dam G852 is included at all six loci for offspring 
G296a.  Both sire G850 and dam G852 are included at all six loci for offspring G308. 
 

  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Sire  G714 13,15 14,18 14,19 6,14 26,26 8,11 
Dam  G716 10,16 9,16 18,20 11,14 25,26 9,12 

Offspring ♀ G147 14,15 15,18 11,20 10,11 26,26 11,13 
Offspring ♂ G255 13,16 14,16 18,19 14,14 26,26 9,11 

G147 G255

G714 G716

G296a 

G850 G852

G308 
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  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Dam  G855 15,17 15,16 14,17 8,10 26,26 12,13 
Offspring ♀ G288 16,17 15,16 14,14 8,8 26,26 7,13 

 
Figure 73:  Reported pedigree and 6-locus microsatellite genotype for suggested Family 
Group VI.  Sire G713 is deceased.  Dam G855 was included at all six loci for offspring 
G288.   
 

 
 
 
 
 
 
 
 
 

 
Figure 74:  Reported pedigree and 6-locus microsatellite genotype for suggested Family 
Group VII.  Sire G848 was excluded at 2 or more loci for all four offspring.  Dam G853 
was excluded for two suggested, but included and inconclusive for offspring G264 and 
G263, respectively.   Sire G848 is excluded at three loci (Proμ3, Proμ4 and Proμ6) for 
offspring G132.  Dam G853 is excluded at two loci (Proμ4 and Proμ6) for offspring 
G132.  Sire G848 is excluded at three loci (Proμ3, Proμ4 and Proμ6) for offspring G264.  
Dam G853 is included at all six loci for offspring G264.  Sire G848 is excluded at two 

  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Sire  G848 12,18 15,18 14,14 8,9 26,26 13,13 
Dam  G853 12,16 9,16 17,19 8,9 24,26 12,14 

Offspring ♀ G132 12,16 9,18 16,17 11,12 26,27 11,11 
Offspring ♀ G264 12,16 9,15 16,17 9,13 26,26 11,14 
Offspring ♂ G263 12,20 9,16 14,17 6,13 26,26 12,13 
Offspring ♀ G178 13,14 9,15 16,17 10,11 26,26 11,11 

G132 G264

G848 G853

G178

G288

G855G713
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loci (Proμ1 and Proμ4) for offspring G263.  Dam G853 is excluded at one locus (Proμ4) 
for offspring G263 therefore is inconclusive.  Sire G848 is excluded at four loci (Proμ1, 
Proμ3, Proμ4 and Proμ6) for offspring G178.  Dam G853 is excluded at three loci 
(Proμ1, Proμ4 and Proμ6) for offspring G178. 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 75:  Reported pedigree and microsatellite genotype at six loci for suggested 
Family Group VIII.  Information provided by Disney’s Animal Kingdom listed two females 
as possible dams for offspring G276.  Sire G849 is included at all six loci.  Dam G855 is 
excluded at locus Proμ4 therefore inconclusive.  Dam G851 is excluded at locus Proμ2 
and Proμ4.  
 

 
 
 
 
 
 
 
 
 

 

  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Sire G849 10,18 9,18 13,19 11,12 26,27 7,9 
Dam G855 15,17 15,16 14,17 8,10 26,26 12,13 
Dam G851 13,17 12,15 14,19 10,11 26,26 8,13 

Offspring ♀ G276 10,17 16,18 17,19 12,13 26,26 9,13 

  Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Sire G848 12,18 15,18 14,14 8,9 26,26 13,13 
Sire G850 12,14 9,9 14,16 10,13 26,28 11,14 

Offspring ♀ G177 12,13 9,14 14,17 13,14 26,26 11,11 

G849 G851G855

G276

G848 G850

G177
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Figure 76:  Reported pedigree and microsatellite genotype at six loci for suggested 
Family Group IX.  Information provided by Disney listed two males as possible sires.  
The dam is unknown.  Sire G848 is excluded at loci Proμ2, Proμ4 and Proμ6 for 
offspring G177.  Sire G850 is included at all six loci for offspring G177. 
 

 Flamingo 
ID 

Sex Locus 
Proμ1 

Locus 
Proμ2 

Locus 
Proμ3 

Locus 
Proμ4 

Locus 
Proμ5 

Locus 
Proμ6 

Offspring G132 F 12,16 9,18 16,17 11,12 26,27 11,11 
G057 (5) F *11,12 *9,16 *17,19 13,13 *26,26 *11,12 
G126 (5) F *15,16 *9,19 *14,17 9,10 *26,27 *9,11 

Potential dams 

G717 (5) F *12,17 *9,11 *14,17 10,10 *26,26 *7,11 
G850 (5) M *12,14 *9,9 *14,16 10,13 *26,28 *11,14 
G114 (5) M *12,15 *12,18 19,20 *11,12 *26,26 *9,11 

Potential sires 

G227 (5) M *12,14 *9,15 *16,17 *11,13 *26,26 9,13 
Offspring G147 F 14,15 15,18 11,20 10,11 26,26 11,13 

G855 (5) F *15,17 *15,16 14,,17 *8,10 *26,26 *12,13 Potential dams 
G107 (5) F 11,14 *15,16 *15,20 *10,11 *26,26 *10,13 
G712 (5) M *13,14 *15,17 14,17 *6,11 *24,26 *9,13 
G112 (5) M *12,14 *14,18 *11,14 *11,13 *26,26 12,14 

Potential sires 

G114 (6) M *12,15 *12,18 *19,20 *11,12 *26,26 *9,11 
Offspring G264 F 12,16 9,15 16,17 9,13 26,26 11,14 
Potential sires G850 (5) M *12,14 9,9 *14,16 *10,13 *26,28 *11,14 
 G227(5) M *12,14 *9,15 *16,17 *11,13 26,26 9,13 
Offspring G178 F 13,14 9,15 16,17 10,11 26,26 11,11 

G126 (5) F 15,16 *9,19 *14,17 *9,10 *26,27 *9,11 Potential dams 
G717 (5) F 12,17 *9,11 *14,17 *10,10 *26,26 *7,11 
G850 (6) M *12,14 *9,9 *14,16 *10,13 *26,28 *11,14 
G712 (5) M *13,14 *15,17 *14,17 *6,11 *24,26 9,13 

Potential sires 

G227 (5) M *12,14 *9,15 *16,17 *11,13 *26,26 9,13 
Offspring G263 M 12,20 9,16 14,17 6,13 26,26 12,13 
Potential dam G057 (6) F *11,12 *9,16 *17,19 *13,13 26,26 *11,12 
Potential sire G227 (6) M *12,14 *9,15 *16,17 *11,13 26,26 *9,13 
Offspring G276 F 10,17 16,18 17,19 12,13 26,26 9,13 
No other potential dam found 
Offspring G296a F 14,14 9,9 1419 0709 2626 1014 

G850 (5) M *12,14 *9,9 *1416 1013 *2628 *1114 Potential sires 
G118 (5) M 16,17 *9,19 *1314 *0707 *2626 *0814 

Offspring G177 F 12,13 9,14 14,17 13,14 26,26 11,11 
No other potential dam found 
 
Table 16:  Genotypes of potential parents for offspring where one or more of the 
reported parents were excluded or were inconclusive.  The flamingo ID, sex (F-female, 
M-male) and genotypes for each locus are provided.  Following the flamingo ID (and in 
parentheses) is the number of loci for which this bird was included as a potential parent. 
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Shaded rows represent offspring. An asterisk (*) denotes included loci.  For several 
offspring, potential parents with six inclusions were found.  For other offspring, potential 
parents were identified with inclusions at five of the six loci tested.  According to the 
interpretational guidelines utilized in this analysis, these birds are classified as 
inconclusive and will require profiling at additional loci before a final assignment can be 
made.   
 

minimum of five of the six loci).  Potential dam/sire candidates for families where one or 

more suggested parents were excluded can be found in Table 16. 

 

1. Family Group I 

Sire G849 and dam G716 are the reported parents of offspring G287.  Both dam 

and sire were included as potential parents at all six loci tested.   

 

2. Family Group II 

Sire G849 and dam G855 are the reported parents of G169, G005 and G146.  

Both reported parents were included at all six loci tested for each of the offspring. 

 

3. Family Group III 

Sire G712 and dam G715 are the reported parents of G289, G296b and G265.  

Both reported parents were included as potential parents at all six loci tested.  

 

4. Family Group IV 

 Sire G714 and dam G716 are the reported parents of offspring G147 and G255.  

Both reported parents were included as potential parents at all six loci tested for 

offspring G255. Due to no shared alleles at loci Proμ3 and Proμ4, sire G714 is excluded 
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for offspring G147.  Three other potential sires were found, with one (G114) being 

included at all six and two (G712 and G112) with inclusions at five of the six loci. Due to 

no shared alleles at loci Proμ1, Proμ2 and Proμ3 female G716 is excluded as potential 

dam for offspring G147.  One potential dam G107 was found with inclusions at five of 

the six loci for offspring G147.   

 

5. Family Group V  

Sire G850 and dam G852 are the reported parents of G296a and G308.  Both 

reported parents were included as potential parents at all six loci tested for offspring 

G308.  Sire G850 is excluded at locus Proμ4 and hence is inconclusive as potential sire 

of G296a.  Two other possible sires (G850 and G118) were found for offspring G296a 

with inclusions at five of the six loci.  G852 is included as potential dam of offspring 

G296a at all six loci tested.   

 

6. Family Group VI 

Sire G713 is deceased according to information provided by Disney’s Animal 

Kingdom.  G855 is the reported dam of offspring G288.  G855 was included as a 

potential dam of offspring G288 at all six loci tested. 

 

7. Family Group VII 

Sire G848 and dam G853 are the reported parents of the offspring G132, G264, 

G263 and G178.  Sire G848 shared no allele at three loci (Proμ3, Proμ4 and Proμ6) 

with offspring G132 and was therefore excluded as potential sire.  Three other potential 
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sires were found in the provided population with five inclusions (G850, G114 and G227).  

None were found with six inclusions in the provided population.  G853 was excluded as 

a potential dam of offspring G132 due to no shared allele at two loci (Proμ4 and Proμ6).  

Two other potential dams (G057, G126 and G717) were found in the population, each 

with inclusions at five of six loci for offspring G132.  None were found that were included 

at all six loci and therefore the parentage is considered inconclusive.  

  G848 was excluded as a potential sire due to no shared allele at three loci 

(Proμ2, Proμ3 and Proμ6) for offspring G264.  Two other possible sires (G850 and 

G118) were found with inclusions at five of six loci for offspring G264, but this parentage 

remains inconclusive.  Dam G853 was included at all six loci for offspring G264. 

 G848 was excluded as a potential sire of offspring G263 due to no shared allele 

at two loci (Proμ1 and Proμ4).  One other possible sire G227 was identified for offspring 

G263 with inclusions at all six loci.  Dam G853 was excluded at one locus Proμ4 for 

offspring G263 and is therefore inconclusive.  One other potential dam G057 was found 

with inclusions at all six loci for offspring G263. 

 G848 was excluded as a potential sire due to no shared allele at four loci 

(Proμ1, Proμ3, Proμ4 and Proμ6) for offspring G178.  Three potential sires (G850, G712 

and G227) were identified for offspring G178.  G850 was included at six loci.  G227 and 

G712 were included at five loci.  G853 was excluded as a potential dam for offspring 

G178 due to no shared allele at three loci (Proμ1, Proμ4 and Proμ6).  Two other 

potential dams (G126 and G717) with inclusions at five loci were found for offspring 

G178.   
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Although the parent-offspring allele sharing is low in this suggested family group, 

there are a number of alleles shared between suggested siblings at the tested loci.  This 

suggests that these offspring may have one or more shared parents.  With this in mind, 

should be noted that female G057 is considered a dam candidate for two offspring 

(G132 and G263) and male G850 was a sire candidate for three offspring (G178, G264, 

and G132). 

 

8. Family Group VIII 

Sire G849 and females G855 or G851 were reported as potential parents of 

offspring G276.  G849 is included as a potential sire of offspring G276 at all six loci 

tested.  Dam G855 is excluded at locus Proμ4 and is therefore considered inconclusive.  

Dam G851 is excluded as dam for offspring G276 due to no shared allele at loci Proμ2 

and Proμ4.  No other possible dam candidate was found in the provided population.  

 

9. Family Group IX 

Either G848 or G850 are reported as potential sires of offspring G177.  G848 

was excluded at two loci (Proμ2 and Proμ6) and was therefore excluded as a potential 

sire.  G850 was included as a potential sire for offspring G177 at all six loci.  No dam 

was suggested for offspring G177.  No potential dam was found upon screening all 

potential dams in the provided population. 

 The microsatellite data confirmed a number of the observation-based parentage 

determinations, but in other cases one or more of the suggested parents were either 

classified as inconclusive or excluded.  A review of the loci involved in these exclusions 
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reveals that in total, four exclusions were observed at locus Proμ1, one at locus Proμ2, 

four at locus Proμ3, nine at locus Proμ4 and seven at locus Proμ6.  This indicates that 

no single locus was the cause for the non-sharing of alleles between suggested parent-

offspring pairs.  This is consistent with the exclusions being primarily a result of non-

parentage and not the result of one or two hyperpolymorphic loci.  It of course still does 

not rule out an overall high rate of microsatellite mutation in flamingos.  Further testing 

with newly characterized microsatellite loci will undoubtedly yield a clearer 

understanding of the basis for these exclusions.     

There are some possible explanations for not finding six-inclusion dam/sire 

candidates for some offspring.  The African greater flamingo group studied did not 

represent the entire population from Disney’s Animal Kingdom. Also, there were several 

flamingo deaths in the captive population and transfer of birds from Disney’s Animal 

Kingdom to other facilities.  Since we did not have samples from the entire population 

(including deceased and transferred birds), there are other sire/dam candidates that we 

were not able to consider in our survey.     

 

Comparison of Genetic Profiling Data from African greater 
and Caribbean Flamingos 

 
A comparison of data collected for each locus in P.r.roseus, African greater 

flamingos and P.r.ruber, Caribbean flamingos was performed.  Specifically, the number 

of alleles, HO/HE and nucleotide sequences were compared for each locus.  The 

Caribbean flamingos, being all collected from a wild, unrelated population, are more 

likely represent a more accurate survey of the species as it exists in the Yucatan.  This 

is not quite the case with the African greater flamingos, since of the 47 birds analyzed 
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only 22 are wild-caught and therefore considered unrelated.  This should be considered 

when making each comparison.  The data for each locus is presented in tabular format 

below and followed by a brief discussion.  A summary of observations is presented at 

the end of the section.  

Pruμ1   Proμ1  
Alleles 8  Alleles 10 
HO 0.90  HO 0.94 
HE 0.85  HE 0.89 

 

This locus exhibits high levels of polymorphism in both P.r.roseus and P.r.ruber 

flamingo subspecies with high HO values in each case.  Ten alleles were identified in 

African greater flamingos while eight were observed in the Caribbean flamingos.  The 

two additional alleles observed in the African greater flamingos may represent additional 

genetic diversity in this subspecies given the smaller wild-caught survey group (22 vs. 

97) for the African birds.  

 

Pruμ2  Proμ2 
Alleles 5  Alleles 11 
HO 0.69  HO 0.94 
HE 0.65  HE 0.84 

 
This locus also appears to have a higher level of polymorphism in the African 

greater flamingos.  Six additional alleles were identified in the African greater flamingos 

(total 11 alleles) compared to the Caribbean flamingos (total 5 alleles).  Consistent with 

this increased number of alleles, a significant difference was also observed between the 

HO of the two subspecies.  Again these differences were observed with a nearly 3-fold 

larger survey population for the Caribbean flamingos. 
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Pruμ3  Proμ3 

Alleles 12  Alleles 10 
HO 0.90  HO 0.89 
HE 0.86  HE 0.84 
 

This locus has a slightly higher level of polymorphism in the Caribbean 

subspecies.  Twelve alleles were observed in the Caribbean flamingos and ten in 

African greater flamingos.  However, this difference could easily be a reflection of the 3-

fold larger survey group for the Caribbean birds.   There was no significant difference 

between the HO of the two subspecies.    

Pruμ4   Proμ4  
Alleles 14  Alleles 9 
HO 0.81  HO 0.75 
HE 0.91  HE 0.87 
 

Fourteen alleles in Caribbean flamingos and nine in African greater flamingos 

were observed at this locus.  There was a corresponding high polymorphism in both 

flamingo subspecies.  In both subspecies the HO was lower than the HE.  Out of all six 

loci in both Caribbean and African greater flamingos this is the only locus where such a 

condition exists of HE>HO.  Although the significance of this observation is not 

completely clear at this time, especially for the African subspecies, it is possible that this 

indicates the presence of one or more null alleles at this locus and thus the difference in 

values is worth noting. 

Pruμ5   Proμ5  
Alleles 4  Alleles 5 
HO 0.12  HO 0.23 
HE 0.13  HE 0.25 
 

This locus shows low polymorphism in all four flamingo groups surveyed.  

Caribbean flamingos have four alleles while the African greater flamingo survey group 
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had five alleles.  Although the HO for the African birds is twice that for the Caribbean 

group, the survey group size for the African greater flamingos is sufficiently small to 

allow sampling error to be at least a possible explanation for the difference.   

Pruμ6   Proμ6  
Alleles 3  Alleles 8 
HO 0.29  HO 0.89 
HE 0.27  HE 0.85 
 

The number of alleles is significantly higher in the African greater flamingos.  

Three alleles were observed in the Caribbean flamingos while eight were found in the 

African greater flamingos.  This led to a significant (3-fold) difference in the observed 

heterozygosities for the two subspecies.    The nearly 3-fold smaller survey group for 

this subspecies again magnifies the significance of this apparent increased genetic 

diversity in the African greater flamingo population. 

To summarize, of the six loci, four loci (Proμ1, Proμ2, Proμ5 and Proμ6) have 

higher numbers of alleles in African greater flamingos and thus corresponding higher HO 

values.  The African greater loci Proμ3 and Proμ4 have lower HO values and fewer 

alleles than the Caribbean flamingo locus Pruμ4.  Based upon even our limited survey 

population for the African greater flamingos, it appears that there is a higher level of 

genetic diversity in this subspecies than is observed in the Caribbean flamingo.  A 

higher HO and more alleles in the African greater flamingos can be an indication of 

several possibilities.  It is possible that the Caribbean flamingo subspecies was derived 

from a small number of individuals from an African greater flamingo population and may 

therefore exhibit characteristics of the founder effect.  For some loci the founder 

population may have possessed an incomplete sample of the total alleles in the original 

African greater flamingo population and, even with subsequent random mutation events 
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lead to additional diversity, the descendent population from this group could still 

possess fewer alleles and a corresponding lower HO as compared to the original African 

greater flamingo population.  Another possible explanation could be that, since 

subspecies separation, more mutation events have occurred at some loci in the African 

subspecies as compared to the Caribbean birds.  Although microsatellites have known 

to mutate at different rates in different species (Zhu et al. 2000), since we are working 

with two closely related subspecies there is little reason for us to consider this a likely 

explanation for the differences.  

 

Nucleotide Sequence Homology Analyses 

 The nucleotide sequence data obtained for microsatellite loci in the four 

flamingos types studied made it feasible to carry out nucleotide sequence comparisons 

for these loci to determine the level of sequence conservation between the species. The 

DNA sequence analyses identified a number of sites flanking the STRs that exhibited 

variation from one flamingo type to another.  All flamingo species/subspecies studied 

have previously been shown to be closely related (Sibley et al. 1990).  One would 

therefore expect that the sequence comparisons would lead to similar results and 

conclusions.  For purposes of this comparison we shall accept the common 

classification of the flamingos into 3 genera and 5 species with one species having two 

subspecies.  However, some individuals (Sibley et al.1990) have suggested that in fact 

that all flamingo groups should be classified into a single genus and that the greater 

flamingos should be considered a single undivided species. 
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As discussed earlier, microsatellites themselves have a high rate of mutation and, 

although the STR loci are conserved between these species, in some cases one might 

expect mutations to have occurred creating sequence variation at loci beyond the 

simple number of repeats.  Figures 77-82 show the available nucleotide sequences for 

each locus with the different species/subspecies aligned.  A Pru at the beginning of a 

sequence represents a Caribbean flamingo sequence, Pro an African greater flamingo 

sequence, Pch a Chilean flamingo sequence and Pmi a lesser flamingo sequence.  Any 

nucleotides “missing” from one or more of the sequences are indicated with dashes and 

nucleotides vary between the species/subspecies are in lower case.  Each locus in this  

       
                10           20           30 
Pru-GAC TGC TTC CTT CTC TGC AGC TCG CTG GCT TGC cTG CAA  
Pch-GAC TGC TTC CTT CTC TGC AGC TCG CTG GCT TGC –TG CAA  
Pro-GAC TGC TTC CTT CTC TGC AGC TCG CTG GCT TGC cTG CAA 
 
 
    40           50             60             70 
Pru-atg caa ACC ATC TGC (AGC)n GGT TtA AGC CAA ACC AGC TGA  
Pch---- --- ACC ATC TGC (AGC)n AGT TgA AGC CAA ACC AGC TGA  
Pro-atg caa ACC ATC TGC (AGC)n AGT TtA AGC CAA ACC AGC TGA 
 
     80 
Pru-CTC GGG ACT  
Pch-CTC GGG ACT 
Pro-CTC GGG ACT 

Figure 77:  Locus μ1 nucleotide sequence comparison.  Pru, Pch and Pro indicate 
Caribbean, Chilean and African greater flamingo sequences, respectively.  The 
microsatellite region is in parenthesis.  Lower case letters and dashes denote variable 
sites.  There are three sites with sequence variations at positions 34, 40-45 and 62 
respectively.   
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                10           20           30 
Pru-GTT GCC CTA CCC TAT TTG TCC TGC CCA CTA TAA GAT GCT  
Pro-GTT GCC CTA CCC TAT TTG TCC TGC CCA CTA TAA GAT GCT 
 
  
    40           50           60            70  
Pru-CAG CTA TAC ACT GGA TTT AAA AGG CCT TGT GTG GCC TCG 
Pro-CAG CTA TAC ACT GGA TTT AAA AGG CCT TGT GTG GCC TCG 
 
 
     80           90            100             110 
Pru-TTA CAC TTA GGA GTC TAA ACA ACA (GCA)n ACA TGA GTA TTA 
Pro-TTA CAC TTA GGA GTC TAA ACA ACA (GCA)n ACA TGA GTA TTA 
  
 
      120           130          140 
Pru-TGT AGG CAG AGA CTT GTT TGC TGA GCT GCA A 
Pro-TGT AGG CAG AGA CTT GTT TGC TGA GCT GCA A  
 
Figure 78:  Locus μ2 nucleotide sequence comparison.  Pru and Pro indicate Caribbean 
and African greater flamingo sequences, respectively. The microsatellite region is in 
parenthesis.  There is no sequence variation between these two subspecies at this 
locus.  
 
                10           20             30          
Pru-GAC AAG GAA AAT AAT CAT AAT (CAT)n TTA TTC TTC ATG 
Pro-GAC AAG GAA AAT AAT CAT AAT (CAT)n TTA TTC TTC ATG 
 
      40            50           60             
Pru-ATA AAA TGT AGG GCC GAG GAT GAT A 
Pro-ATA AAA TGT AGG GCC GAT GAT GAT A  
 
 
Figure 79:  Locus μ3 nucleotide sequence comparison.  Pru and Pro indicate Caribbean 
and African greater flamingo sequences, respectively. The microsatellite region is in 
parenthesis.  There is no site with sequence variation between these two subspecies. 
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                10           20          30           40 
Pru-AGG CAG TGC GGT ACT GGA GGA GCC GAG TCA GAG CCA GGG 
Pch-AGG CAG TGC GGT ACT GGA GGA GCC GAG TCA GAG CCA GGG  
Pro-AGG CAG TGC GGT ACT GGA GGA GCC GAG TCA GAG CCA GGG 
 
                 50           60           70 
Pru- CTG GGG CCA GCC CCA GCG AGC AGG AGC AGC ACC AGT AGC  
Pch- CTG GGG CCA GCC CCA GCG AGC AGG AGC AGC ACC AGT AGC   
Pro- CTG GGG CCA GCC CCA GCG AGC AGG AGC AGC ACC AGT AGC  
 
    80           90           100           110           
Pru-CAC GGC ACT GGA GAA CTG GGA ACa GGG ACG TGC CCC (AGC)n  
Pch-CAC GGC ACT GGA GAA CTG GGA ACg GGG ACG TGC CCC (AGC)n  
Pro-CAC GGC ACT GGA GAA CTG GGA ACa GGG ACG TGC CCC (AGC)n  
 
     120          130           140          150 
Pru-AGG cgg CAA AGA ACC CCC TGA GTG CAG AGG TAA CAT AGA 
Pch-AGG --- CAA AGA ACC CCC TGA GTG CAG AGG TAA CAT AGA 
Pro-AGG cgg CAA AGA ACC CCC TGA GTG CAG AGG TAA CAT AGA 
 
      160           170          180         190 
Pru-CAA AGT GAA AAA TGG ATG AGT AGA GAC GGT GTT GGC 
Pch-CAA AGT GAA AAA TGG ATG AGT AGA GAC GGT GTT GGC 
Pro-CAA AGT GAA AAA TGG ATG AGT AGA GAC GGT GTT GGC 
            
Figure 80:  Locus μ4 nucleotide sequence comparison.  Pru, Pch and Pro indicate 
Caribbean, Chilean and African greater flamingo sequences, respectively. The 
microsatellite region is in parenthesis.  Lower case letters and dashes denote variable 
sites.  There are two sites with sequence variations at positions 103 and 122-124, 
respectively. 
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                 10           20           30            40 
Pro-TCT GTT CCA (GCA GCA aCA ACA ACA ACA ACA GCA GCA GCA GCA ACA  
Pch-TCT GTT CCA (GCA GCA gCA ACA ACA ACA ACA GCA GCA GCA GCA ACA  
Pru-TCT GTT CCA (GCA GCA aCA ACA ACA ACA ACA GCA GCA GCA GCA ACA  
Pmi-TCT GTT CCA (GCA GCA aCA ACA ACA ACA ACA GCA GCA GCA GCA ACA  
 
          50           60            70            80   
Pru- ACA GCA GCA gCA GCA aCA GCA ACA GCA GCA GCA GCA GCA ACA)  
Pch- ACA GCA GCA gCA GCA aCA GCA ACA GCA GCA GCA GCA GCA ACA)  
Pro- ACA GCA GCA gCA GCA aCA GCA ACA GCA GCA GCA GCA GCA ACA)  
Pmi- ACA GCA GCA aCA GCA gCA GCA ACA GCA GCA GCA GCA GCA ACA)  
 
             90          100             110          120 
Pru-GTT ACA ATC TCT GCT TCC TTT ACA GCA TCA GCA TCA TTC TTC TCC  
Pch-GTT ACA ATC TCT GCT TCC TTT ACA GCA TCA GCA TCA TTC TTC TCC   
Pro-GTT ACA ATC TCT GCT TCC TTT ACA GCA TCA GCA TCA TTC TTC TCC   
Pmi-GTT ACA ATC TCT GCT TCC TTT ACA GCA TCA GCA TCA TTC TTC TCC  
 
            130           140            150       160 
Pru-TCC TCC AGG GCT ACA TAT GCC CCC TCA GAT AGA AAC GCC TAG AAT  
Pch-TCC TCC AGG GCT ACA TAT GCC CCC TCA GAT AGA AAC GCC TAG AAT  
Pro-TCC TCC AGG GCT ACA TAT GCC CCC TCA GAT AGA AAC GCC TAG AAT  
Pmi-TCC TCC AGG GCT ACA TAT GCC CCC TCA GAT AGA AAC GCC TAG AAT  
 
            170             180          190           200 
Pru-AAT GAT GAC TCC ACC TCC AGT GAC ACC TCA GCA ACC GAA GAA  
Pch-AAT GAT GAC TCC ACC TCC AGT GAC ACC TCA GCA ACC GAA GAA  
Pro-AAT GAT GAC TCC ACC TCC AGT GAC ACC TCA GCA ACC GAA GAA  
Pmi-AAT GAT GAC TCC ACC TCC AGT GAC ACC TCA GCA ACC GAA GAA  
 
 
Pru-CAT 
Pch-CAT 
Pro-CAT 
Pmi-CAT 
 
Figure 81: Locus μ5 nucleotide sequence comparison.  Pru, Pch, Pro and Pmi indicate 
Caribbean, Chilean and African greater and lesser flamingo sequences, respectively. 
The microsatellite region is from base 10 to 86.  Lower case letters and dashes denote 
variable sites.  There are three sites with sequence variations at positions 16, 55 and 
61, respectively. 
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                10           20           30               40 
Pru-TCA GTC CTA CTT GTT AAG ACG CTC TGT AGG CAC (CAG)n CCA GTG  
Pch-TCA GTC CTA CTT GTT AAG ACG CTC TGT AGG CAC (CAG)n CCA GTG  
Pro-TCA GCT TCA CTT GTT AAG AGG CTC TGT AGG CAC (CAG)n CCA GTG 
 
            50           60           70            80   
Pru-ATG CTA AAG CAG AGG TAC CTG CAG GGA CCA TGG TTC AGG CTC 
Pch-ATG CTA AAG CAG AGG TAC CTG CAG GGA CCA TGG TTC AGG CTC 
Pro-ATG CTA AAG CAG AGG TAC CTG CAG GGA CCA TGG TTC AGG CTC 
 
         90           100           110          120 
Pru-TAT CTT GGG CTG GAG ATG ACA CTa TAA ACC CCG GTT AGG GA 
Pch-TAT CTT GGG CTG GAG ATG ACA CTg TAA ACC CCG GTT AGG GA 
Pro-TAT CTT GGG CTG GAG ATG ACA CTa TAA ACC CCG GTT AGG GA 
 

Figure 82:  Locus μ6 nucleotide sequence comparison.  Pru, Pch and Pro indicate 
Caribbean, Chilean and African greater flamingo sequences, respectively. The 
microsatellite region is in parenthesis.  Lower case letters and dashes denote variable 
sites.  There is one site that exhibits sequence variation at position 109. 
 

Locus Sequence Length 
 

African greater 
flamingo  

Sequence Variations  
 

Caribbean flamingo  

μ1 87 0 
μ2 148 0 
μ3 61 0 
μ4 193 0 
μ5 206 0 
μ6 122 0 

 
 

Locus Sequence Length  
 

African greater 
flamingo 

Sequence Variations  
 

Chilean flamingo 

μ1 87 8 
μ4 193 4 
μ5 206 1 
μ6 122 1 
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Locus Sequence Length 

 
African greater 

flamingo 

Sequence Variations 
 

lesser flamingo  

μ5 206 2 
 

 
Locus Sequence Length 

 
Chilean flamingo 

Sequence Variations 
 

lesser flamingo 
μ5 206 1 

 
Figure 83: Nucleotide sequence comparisons for the six-microsatellite amplicons from 
African greater, Caribbean, Chilean and lesser flamingos.  The African greater and 
Caribbean flamingo sequences were 100% homologous at all six loci.  Given this, a 
single sequence was used for comparison to sequences obtained from other flamingo 
species.  The four-locus comparison of Chilean sequences to African greater/Caribbean 
flamingo sequences reveals a total of 14 nucleotide differences.  These nucleotide 
variations were observed in the Chilean flamingo sequences compared to African 
greater/Caribbean flamingo sequences. African greater/Caribbean flamingo and lesser 
flamingo sequence comparison at locus μ5 shows a two-nucleotide difference.  The 
Chilean and lesser flamingo sequence comparison at locus μ5 reveals a one-nucleotide 
difference.   
section is referred to as μ1- μ6 with μ1, for example, indicating the collective data for 

Pruμ1, Proμ1, Pchμ1 and Pmiμ1.  Refer to the phylogenetic tree (Figure 2) showing 

how flamingo species are presently believed to be related to each other.  Figure 83 

contains a summary of nucleotide variations in tabular format, including the number of 

nucleotides varying from one species as compared to another. 

 

1.  Locus μ1 

There are three sites that exhibit nucleotide sequence variations at this locus.  

The Caribbean and African greater flamingo sequences have 100% homology at this 

locus.  This is not especially surprising since Caribbean and African greater flamingos 

are considered subspecies of the same species.  The repeat region is the same in all 
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three species.  The Caribbean and African greater flamingo sequences have a Cytosine 

at position 30 and this is absent in the Chilean flamingo sequence.   At positions 40-45, 

both African greater and Caribbean flamingo sequences have the sequence ATG CAA, 

which is absent in the Chilean flamingo sequence.  The third site is at nucleotide 62, 

where both Caribbean and greater flamingo sequences have thymine but the Chilean 

flamingo sequence has a guanine.  Due to the perfect identity of the African greater and 

Caribbean flamingo nucleotide sequences, it is clear that all of these mutations occurred 

after the divergence of these two species (same genus) either in the P. chilensis branch 

or in the P. ruber branch before this species diverged into the two present subspecies.   

    

2. Locus μ2 and μ3 

There is no sequence variation between Caribbean and African greater flamingo 

μ2 and μ3 amplicons.  As was true of the expected for the μ1 locus, this is not 

unexpected for the two closely related subspecies. 

 

4. Locus μ4 

 The Caribbean and African greater flamingo sequences are identical at this 

locus. There are two sites with sequence variations at this locus between greater and 

Chilean flamingo sequences.  The first site is at position 103 where greater flamingo 

sequences have an adenine, but the Chilean flamingo sequence has a guanine.  The 

second site is at position 122-124, where greater flamingo sequences have the 

sequence CGG, which is absent in the Chilean flamingo sequence.  Since the African 

greater and Caribbean flamingo nucleotide sequences are identical this indicates that 
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these two mutation events occurred after the species divergence of these two species 

(same genus) either in the P. chilensis branch or in the P. ruber branch before this 

species diverged into the two present subspecies.      

 

5. Locus μ5 

For this locus there are three sites with sequence variation, and all are located 

within the repeat region.  The third repeat at position 16 in greater and lesser flamingo 

sequences is ACA, whereas in the Chilean flamingo sequence it is GCA.  This is likely a 

point mutation event that occurred in the Chilean flamingos after species separation 

from both the lesser and greater flamingos, since all other species have a conserved 

sequence at this position.  The second site is at position 55, greater and Chilean 

flamingo sequences have a trinucleotide of GCA but the lesser flamingo sequence has 

the trinucleotide ACA.  The third site is at position 61 where greater and Chilean 

flamingo sequences have an ACA trinucleotide but the lesser flamingo sequence has a 

GCA trinucleotide.  The sequence variation for these two positions most likely occurred 

in the lesser flamingo branch, after separation of the Phoeniconaias genus from 

Phoenicopterus genus.   

 

6. Locus μ6 

There is one site exhibiting sequence variation within this amplicon.  Greater 

flamingo sequences have adenine at position 109, while the Chilean flamingo sequence 

has guanine.  The point mutation has either occurred in the Chilean flamingo lineage 

after species separation from the greater flamingos or within the greater flamingo 
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lineage after separation from the Chilean flamingos but before the formation of two 

greater flamingo subspecies.  

As we have noted above, Caribbean and African greater flamingo sequences 

have 100% homology at all six microsatellite loci.  This is consistent with them being 

closely related subspecies and in fact supports the proposal by Sibley et al. (1990) that 

the level of actual genetic difference between the two flamingo groups may not in fact 

be sufficiently high as to justify subspecies designations.  The Chilean and greater 

flamingo sequences have collectively experienced several point and deletion/addition 

events at the four microsatellite loci for which nucleotide sequence data was available 

for both species.  There were a total of 14-nucleotide differences between greater and 

Chilean sequences.  Chilean flamingos are considered a different species from the 

greater flamingos and hence should have more differences with the greater flamingos 

as a species than between the Caribbean and African subspecies.  Lesser flamingos 

are believed to be a different genus (or at least less related) from the Chilean/greater 

flamingos and, although sequence data was only obtained for locus μ5, the relative 

number of sequence variations between the four flamingo groups was as expected.  

Therefore, our sequence comparison data is consistent with the hybridization data of 

Sibley et al. (1990) and suggests that the relationships between the various flamingo 

groups proposed by them are correct. 
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CHAPTER IV 

DISCUSSION AND CONCLUSIONS 

The majority of modern avian wildlife facilities, including our collaborating 

institutions (Disney’s Animal Kingdom, Dallas Zoo and Fort Worth Zoo) have already 

begun the process of applying modern molecular genetics-based technology to the 

management of many of their avian populations.  Most facilities now routinely use DNA-

based sexing for species that exhibit little or no external sexual dimorphism.  

Polymorphic microsatellite loci are now being utilized to measure the genetic diversity in 

both avian (Bussche et al. 2003) and non-avian (Viginer et al. 2004) populations. Here 

we have isolated and characterized six microsatellite loci that now allow us to create 

genetic profiles of a range of wild and captive flamingo populations, making many 

aspects of population management both better and easier. Microsatellite-based 

parentage verification, measurement of genetic diversity in captive and wild populations, 

as well as a range of other applications in population/conservation studies is now 

possible.  Although the six polymorphic microsatellite loci were originally isolated from 

Caribbean flamingo genomic DNA, these loci were successfully characterized in all four 

study varieties of flamingos (Caribbean, African greater, Chilean and lesser).  The 

results of our studies are summarized and discussed below. 

In general, a low frequency of microsatellites is found in the avian genome 

compared to mammals (Primmer et al. 1997).  In our study, we were able to isolate 16 

microsatellite loci and 6 of these exhibited polymorphism.  Alleles ranged from 0-14 and 

observed heterozygosities ranged from 0-0.94.  Allele numbers and heterozygosities 

were found to be comparable to microsatellite loci from mammals such as European 
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rabbits (Oryctolagus cuniculus), roan antelopes and Eurasian badgers (Meles meles) 

that had alleles ranging from 1-11 and observed heterozygosities ranging from 0.30-

0.70 (Domingo-Roura et al. 2003; Zenger et al. 2003; Alpers et al. 2004).  The six 

microsatellite loci also have similar number of alleles and heterozygosities in 

comparison to microsatellites isolated from other avian species such as greater prairie 

chickens, lesser prairie chickens (Tympanuchus pallidicinctus), Mexican jays 

(Aphelocoma ultramarine), Australian magpies and imperial eagles (Aquila adalberti) 

(Hughes et al. 2003; Van Den Bussche et al. 2003; Martinez-Cruz et al. 2004; Johnson 

et al. 2004; Bhagabati et al. 2004).  In these species the number of alleles observed 

ranged from 3-14 and the observed heterozygosities from 0.27-0.86.  Even though there 

is data showing a lower frequency of microsatellites in avian species compared to 

mammals, no problem was encountered in isolating microsatellites in this study.  Also, 

the numbers of alleles and heterozygosities at the six microsatellite loci from this study 

have no substantial difference in comparison to microsatellites from mammalian or other 

avian species.  In order to compare microsatellite characteristics between species, 

detailed analysis is required as done by Primmer et al. (1997) where they studied 

homologous loci in several avian species.       

 All six polymorphic microsatellite loci were first studied in Caribbean flamingos.   

The conditions for PCR amplification of the six microsatellite loci were then optimized 

for African greater, Chilean and lesser flamingos.  All microsatellite loci were conserved 

in each of the four flamingo groups. All six were determined to be polymorphic in the 

African greater, while five of six were verified to be polymorphic using even the size-

limited Chilean and lesser flamingo survey groups.  Allele frequencies, levels of 
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expected/observed heterozygosity, Hardy-Weinberg equilibrium verification and 

inbreeding coefficients were determined for both the Caribbean and African greater 

flamingos.  Although the polymorphic nature of these loci was verified in both Chilean 

and lesser flamingos, the low survey group size made it unfeasible to make such 

calculations for these species.  However, sufficient data was obtained to demonstrate 

that these loci have similar potential for genetic-based studies of Chilean and lesser 

flamingo populations.  At least 3-4 alleles were observed in the lesser flamingos with 

only two samples and at least 3-5 alleles were observed in the Chilean flamingos with 

only eight samples for the six-microsatellite loci.  The successful cross-species 

amplification also indicates a high probability that these loci are also conserved and 

polymorphic in the remaining two unstudied species, Andean and James flamingos.    

All six microsatellite loci were found to be informative in the Caribbean flamingos 

and indicate that the wild Yucatan population of these birds is genetically diverse.  Four 

of the microsatellite loci (Pruμ1, Pruμ2, Pruμ3 and Pruμ4) exhibited high levels and two 

loci (Pruμ5 and Pruμ6) exhibit low levels of polymorphism in the Caribbean flamingos.  

Locus Pruμ1 and locus Pruμ3 each have high HO values of 0.90 with eight and twelve 

alleles observed, respectively.  Pruμ4 also exhibited a high level of polymorphism with 

fourteen alleles and an HO of 0.81.  Locus Pruμ2 exhibited slightly lower polymorphism 

with five alleles and a “respectable” HO of 0.69.  Locus Pruμ6 has a low level of 

polymorphism, with only three observed alleles, and an HO of 0.29.  Locus Pruμ5 also 

exhibited a low level of polymorphism with four alleles and a rather low HO 0.12 due to 

the presence of one particularly common allele in the survey population.  Five of the six 

loci showed no substantial difference between the HO versus HE values.  However, for 
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locus Pruμ4 a notable difference between the HO (0.81) versus HE (0.91) was detected.  

As mentioned previously, common possible explanations of this difference include 

sampling error or null alleles.  Although the survey group size (58 birds) for this locus 

was considered sufficient, this locus did have the highest number of alleles (14) with not 

many common alleles, bringing up the possibility that the allele frequency estimates 

may not be accurate and require a larger survey group.  At this time no strong evidence 

of null alleles has been found for this locus, although the data from the African greater 

flamingos discussed below is similar to the data from Caribbean flamingos in this 

regard.   

Although the African greater flamingo survey group numbered 47 individuals, it 

was actually comprised of only 22 (assumed unrelated) wild-caught birds, with the 

remainder primarily being related to one or more of the other survey group members.  

This number is sufficiently low to raise the question as to whether individual locus allele 

frequencies/heterozygosities are being affected by sampling error, and this must 

therefore be considered at least a possible explanation from some variations of 

observed values from expected values as discussed above and below.  A larger survey 

group including additional unrelated/wild-caught birds will thus be required in the future 

in order to obtain more definitive microsatellite data for the African greater flamingos. 

However, a number of differences and trends are of a magnitude to at a minimum 

strongly suggest that they are “real” and not simply statistical artifacts. 

Five of the six-microsatellite loci have sufficient levels of polymorphism and high-

observed heterozygosities (0.75 or higher) in the African greater flamingos.  As found to 

be true for the homologous locus Pruμ5 in Caribbean flamingos, the locus Proμ5 
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exhibited a low level of polymorphism (5 alleles) and an HO of 0.23.  High HO values 

(0.94) were observed for the Proμ1 and Proμ2, with these loci having ten and eleven 

alleles, respectively.  Proμ3 also had eleven alleles with a similarly high HO value of 

0.89.  In contrast to locus Pruμ 6 of the Caribbean flamingos (3 alleles, HO of 0.29), the 

homologous African greater flamingo locus Proμ6 possessed eight alleles and an HO of 

0.89.  Locus Proμ4 has 9 alleles with an HO of 0.75.  As was found to be true with the 

Caribbean flamingos, five of the six-microsatellite loci do not have significant differences 

between the HO and HE values, and again it was locus Proμ4 where a notable difference 

between the HO (0.75) and HE (0.87) values was observed.   

Upon comparing allele frequencies/heterozygosities of the six microsatellite loci 

between Caribbean and African greater flamingos, it was found that four loci (Proμ1, 

Proμ2, Proμ5 and Proμ6) have a higher number of alleles and observed 

heterozygosities in the African greater flamingos.  Locus Proμ1 has 2 more alleles (10 

alleles/HO 0.94) and a slightly higher HO than locus Pruμ1 (8 alleles/HO 0.90).  Locus 

Proμ2 (11 alleles/HO 0.94) has six more alleles and a significantly higher HO than locus 

Pruμ2 (6 alleles/HO 0.69).  Locus Proμ5 (5 alleles/HO 0.23) has one more allele and a 

higher HO compared to locus Pruμ5 (4 alleles/HO 0.12).  Locus Proμ6 (8 alleles/HO 0.89) 

has five more alleles and a three-fold higher HO compared to locus Pruμ6 (3 alleles/HO 

0.29).   Locus Proμ3 and locus Proμ4 (10 alleles/HO 0.89 and 9 alleles/HO 0.75, 

respectively) have fewer alleles and a lower HO than the Caribbean locus Pruμ3 and 

locus Pruμ4 (12 alleles/HO 0.90 and 14 alleles/HO 0.81, respectively).  Since the actual 

number of wild-caught (and thus unrelated) African greater flamingos for this allele 
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frequency survey is 22, compared to approximately 60 Caribbean flamingos, the fact 

that four loci have higher number of alleles/HO is considered to be significant.  These 

results are thus a strong indication that the African greater flamingos likely have a 

higher genetic diversity than the Caribbean flamingos.   

As discussed earlier, one possible reason for observing fewer alleles and a lower 

HO values in the Caribbean flamingos loci could be attributed to the founder effect.  If 

Caribbean flamingos were derived from a relatively small African greater flamingo 

population which migrated to the New World then the number of alleles at microsatellite 

loci could easily be less in the founder group than in the original population from which 

the birds were drawn.  Alleles “missing” in the founder population would not be found in 

Caribbean flamingos until they were “recreated” by new mutations.  This is clearly seen 

in the striking difference between Pruμ6 (3 alleles/HO 0.29) and Proμ6 (8 alleles/HO 

0.89).   Another possible, although less likely, explanation for such differences would be 

to suggest that some loci may have mutated far more in one species since their 

isolation from each other.  Microsatellites are known to mutate at different levels in 

various species (Zhu et al. 2000).  However, since African greater and Caribbean 

flamingos are clearly a single species divided into two subspecies, it is likely that the 

mutation rates of the two groups would be quite similar.  With this in mind it should be 

noted that the nucleotide sequences of the flanking regions of the six microsatellites 

were identical in the two subspecies (discussed in more detail below). 

Hardy-Weinberg equilibrium values were calculated for each locus in both the 

Caribbean and African greater flamingos.  P values that appeared to deviate from 

Hardy-Weinberg equilibrium were further analyzed using the Bonferroni correction for 
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the number of outcomes (Rice 1989).  After Bonferroni corrections, no loci in the 

Caribbean flamingos deviate from Hardy-Weinberg equilibrium.  This is not surprising 

since the approximately 60 Caribbean flamingo survey group was derived from a large 

wild population of approximately 10,000-20,000 birds, and with only 6 loci studied in a 

large eukaryotic genome it would have been unlikely for two of the loci to be closely 

linked.  However, because some of the microsatellite loci clearly have a high number of 

alleles, more accurate allele frequencies for Hardy-Weinberg equilibrium or other 

statistical calculations can only be obtained by further increases in the size of the survey 

population.   Still, the number of individuals in our survey group is well in line with the 

survey groups routinely used for published studies of microsatellite loci. 

All six loci in the African greater flamingos also appear to be in Hardy-Weinberg 

equilibrium.  The relatively small number of wild-caught birds in the survey population is 

a consideration when assigning significance allele frequencies and subsequent 

manipulations of this data.  However, even with a relatively small group that contained a 

number of related birds (offspring), this breeding population appears to be in Hardy-

Weinberg equilibrium.  This, of course, also provides an additional validation of the data 

derived from our study of the homologous loci in the larger Caribbean flamingo survey 

group. 

The linkage disequilibrium analysis tells us whether the genotypes at one locus 

are independent of genotypes at another locus (Raymond et al. 1995).  This can reflect 

physical linkage (located relatively near one another on the same chromosome) or an 

interaction of the locus products where a specific allele at one locus requires a specific 

allele at another for proper function.  P values of less than 0.05 indicate that alleles 
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occur together more often than can be accounted for by chance.  African greater and 

Caribbean flamingos have no combination of loci where the P values are not greater 

than 0.05, indicating that no two loci influence each other. 

The nucleotide sequence comparison analyses performed in this study showed a 

high level of conservation at each locus among the flamingo species studied. Caribbean 

and African greater flamingo sequences have 100% homology at all six microsatellite 

loci.  According to the DNA hybridization studies of Sibley et al. (1990), these two 

subspecies are so closely related that they do not “deserve” subspecies status.  This 

possibility is now further supported by the findings of our nucleotide sequence 

comparisons. Other interspecies nucleotide sequence comparisons revealed a total of 

14 differences (composed of point and deletion/addition events) between the greater 

and Chilean sequences at the four loci for which Chilean-derived sequences were 

available.  Chilean flamingos are considered to be a different species but within the 

same genus as the greater flamingos, and accordingly should have at least some 

sequence variations from greater flamingo species.  Lesser flamingos are commonly 

classified as a different genus and, if not a different genus (Sibley et al. 1990), the least 

related of the 3 species in the Chilean, greater and lesser genus (Phoenicopterus).   

Although Lesser flamingo nucleotide sequence data was only obtained for locus μ5, a 

comparison of nucleotide sequences obtained from the four flamingo groups at this 

locus supports the above classification of lesser flamingos as the least commonly 

related of the four study groups and therefore most deserving of the classification as a 

separate genus (Phoeniconaias). Our sequence comparison data therefore 

complements the DNA hybridization data of Sibley et al. (1990) and suggests that the 
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proposed relative relationships between the various flamingo groups by them are 

correct.  The questions of species vs. subspecies and two species within a genus or two 

genera are of course still subject to debated, depending upon how one wishes to define 

a species or genus at the DNA level. 

From our analysis of the microsatellite loci in the different species it appears that 

the flamingo populations from which the survey groups were derived possess at least a 

moderate if not high level of genetic diversity, and the moderate notations are simply the 

lower limit set by a small survey population for those species.  This is particularly 

evident in the Caribbean and African greater flamingos. The high allele 

numbers/observed heterozygosities for most loci are clearly seen in both of these 

species, even with a relatively small wild-caught sample size for the African greater 

flamingos.  Given the particularly small Chilean and “about as small as it gets” lesser 

flamingo survey groups, it is quite reasonable to suggest that these flamingo 

populations are also genetically diverse. Here we were able to detect polymorphism at 

five of six loci with eight and two specimens, respectively.  However, further testing will 

be required to verify this suggestion as an accurate statement.  

Inbreeding coefficients were calculated for both the Caribbean flamingo and 

African greater flamingo survey population at each of the six loci.  There was no 

indication of excessive inbreeding within the Caribbean flamingo survey group, as would 

be expected for samples collected from a large free-breeding wild population.  The 

Pruμ1, Pruμ2, Pruμ3 and Pruμ6 all showed slightly negative FIS values, indicating a 

small heterozygote excess in each case.  Two loci have small positive FIS values, Pruμ4 

(+0.10) and Pruμ5 (+0.06), indicating a slight heterozygote deficiency.  The slightly 
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positive FIS values for Pruμ4 and Pruμ5 could be explained by either sampling error or 

null alleles. Null alleles would likely be alleles in the population that have mutations in 

one of the primer binding regions and therefore are not successfully amplified during the 

PCR process, making them “invisible” to the screening procedure.  An increase in the 

survey population size may shed some light on which possibility is the more likely 

explanation. 

The African greater flamingo survey group was from a captive-breeding 

population that included approximately 50% wild-caught specimens.  Some specimens 

also came from exchanges with other wildlife facilities and thus would likely be 

descendants of other unrelated wild-caught birds.  One of the objectives of this project 

was to isolate and characterize microsatellite loci as tools to measure (and thus 

maintain) genetic diversity in captive breeding flamingo populations.  Since this was one 

of the few sizable actively breeding flamingo populations in the U.S., we were 

particularly interested to determine whether any evidence of the effects of inbreeding 

would be seen in this population.  At this time the African greater flamingo collection at 

Disney is a combination of wild-caught and first-generation captive-bred specimens.  

However, many of the captive-bred birds are either sexually mature at this time or soon 

will be.  We should therefore consider our initial evaluation of possible inbreeding 

effects as simply the first screening in an ongoing study that will last a number of years.  

Our analysis revealed positive inbreeding coefficients for only two loci (Proμ4 and 

Proμ5), and in both cases the FIS values were so small as to be considered essentially 

zero (0.04 and 0.06, respectively). The remaining four loci had negative FIS values. 

Collectively this suggests that the captive African greater flamingo population at 
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Disney’s Animal Kingdom, as expected with only a first generation of captive-born 

specimens, does not yet exhibit the signs of dangerous levels of inbreeding.  However, 

as noted above, it will be important to continue to monitor this population as the captive-

born flamingos begin to generate second and third generations of birds. 

Pedigree information for captive populations is routinely recorded/documented in 

studbooks by wildlife authorities.  Historically, this information has been most often 

based upon keeper observations or records of male/female “cage pairings” (if 

applicable) at the time of offspring conception. Following the discovery of the highly 

polymorphic microsatellite loci common to higher eukaryotes, a new method of 

parentage verification became possible.  Microsatellites not only allowed for more 

accurate studbook data, but also gave us new insight into the reproductive habits of 

many species.  Many of the early species to be studied using microsatellite loci were 

mammals such as horses and big cats (Cunnigham et al. 2001, Achman et al. 2004).    

Although microsatellite applications to new species increase with each passing year, the 

applications for avian species studbook management have still been somewhat limited. 

Two studies have shown that the incorporation of microsatellite data into existing 

avian species studbooks improves the accuracy of observational determinations of 

parentage (Jones et al. 2002, Sawyer 2002). Avian species are simply not as 

monogamous as was once thought and the phenomenon of social monogamy is more 

common than expected.  One such study involves the Grus americana (whooping 

crane), where microsatellite data was used to refine studbook data regarding 

relatedness (Jones et al. 2002).  Whooping crane numbers had been reduced to critical 

levels by the 1950s.  In order to increase numbers of these birds, a captive breeding 
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program was organized to supplement the wild-born birds.  All whooping cranes living 

today are descendents of the one remnant population, and birds derived from this 

population formed the founder population of the captive breeding program.  

Microsatellite data has now been collected for each member of the captive population.  

In most captive programs, the founders are considered to be unrelated when creating 

pedigrees, and this was the case with the whooping cranes.  However, here this was an 

inaccurate assumption, since all of the founders were descendents from one small 

population (that had remained small for a number of generations) and hence were often 

closely related.  Microsatellite data was used to calculate the relatedness among the 

captive-breeding founders based upon allele sharing.  After incorporation of this 

information into the studbooks, many pedigrees and pairing strategies for the captive 

population changed considerably.   

In another study, Sawyer (2002) created genetic profiles by microsatellite 

analysis for several captive roseate spoonbill populations.  A number of discrepancies 

were identified upon comparing genotypic profiles with information provided by the 

wildlife managers at each facility.  In many cases one or more of the parents recorded in 

the studbooks were excluded by the microsatellite data.  Upon further investigation of 

the microsatellite data for each population, the correct birds were identified as parents in 

each case.  This study of roseate spoonbill demonstrates the inherent weakness of 

using observational data for parentage determinations for many avian species.  

Although a male and female bird may share a common nest, it is not at all uncommon 

for one or more of the pair to be excluded as a parent of the offspring coming from the 

eggs in that nest. This evidence of extra-pair relationships has lead to the term “social 
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monogamy”, where two individuals remain together socially but often breed with more 

dominant males or available females.     

 With this in mind, the six-microsatellite loci were used for parentage analysis on 

the Disney’s Animal Kingdom’s group of related African greater flamingos and for which 

a studbook had been maintained based solely upon keeper observations.  The genetic 

profile of each suggested parent of a proposed family group were compared to verify 

genetic relatedness.  Several keeper observation-based family groups were in fact 

confirmed by the microsatellite data.  There were however, several suggested family 

groups where one or both “parents” did not share alleles with supposed offspring at two 

or more loci. These adults were clearly excluded as parents of the offspring in question 

and this again demonstrates the weakness of the human observation technique of 

parentage determination—even in a relatively small captive population.   

There were also several suggested parents that had one-locus exclusions. At this 

time these cases were designated “inconclusive”, given that these loci have a high 

mutation rate and a single exclusion could be due to a simple de novo mutation event 

during gametogenesis.  Other possible explanations include the presence of null alleles 

in the population or erroneously typed genotypes (Marshall et al. 1998).  Further 

analysis with additional microsatellite loci in the near future (Preston, 2005) will 

undoubtedly shed a clearly light on the relationship of the members of these suggested 

family groups.   

Although the disagreements between the microsatellite data (reliable) and the 

observational data (less reliable) could be simple keeper recording errors or 

misinterpretation of behavior by the birds being observed, be the courting and nesting 
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behavior of flamingos may also play a role.  In general, African greater flamingos seem 

to form long-term pairs, which remain together through consecutive nesting seasons.  

But as mentioned before and documented by Studer-Thiercsh (2000), these flamingos 

have also been observed in groups of trios and quartets during nesting season, forming 

extra-pair relationships engaged in reproductive behavior.  The suggested pedigrees 

provided by Disney contained several “pairs” where either the male or female was 

observed engaged in reproductive behavior with more members of the opposite sex.  

For example, male G849 was reported to have produced offspring with three females 

(G855, G851 and G716) and female G716 was reported to have conceived offspring 

with two males (G849 and G714).  It was also documented (Disney’s Animal Kingdom 

records) that occasionally the flamingos were observed to care for eggs and raise the 

chicks believed to be the offspring of other pairs.  Any of these behavioral 

characteristics could lead to inaccurate parentage determination, and thus can be a 

simple explanation for the discrepancies of the observational-based and the genetic-

based conclusions of relatedness between individuals. 

 Of the 34 parent-offspring pairs recorded in Disney’s Animal Kingdom studbook, 

one or more of the reported parents were classified either as “inconclusive” or 

“excluded” in eleven parent-offspring pairs.  In each of these cases the remaining 

available population (samples from the entire collection were apparently not provided to 

date and the “missing” bird samples will not be available for perhaps several months) 

was searched for other sire/dam candidates.  Alternative dam/sire candidates with 6 

inclusions were found for 4 of these offspring.  For 5 of these offspring several dam/sire 

candidates with five inclusions were found, but these parentages remained 
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“inconclusive” due to the single locus exclusion.  No adult birds with the proper 

genotypes to be the “missing” sire/dams were found for the remaining two offspring.  

There are several possible explanations for our inability to identify the correct sire/dam 

for each captive born offspring.  We recently found records indicating that we were not 

provided samples from the entire African greater flamingo population from Disney.  

Some of these “missing” birds are still in their possession, and several birds have died 

or were exchanged with other wildlife facilities.  Efforts are now underway to obtain 

samples from as many of these birds as possible, but collecting blood samples from 

birds on regular display at a major wildlife facility is not an immediately schedulable 

activity.  It is expected that these samples will become available in the next few months.  

A second possible explanation would be that the loci have an unexpectedly high rate of 

mutation and that many offspring have “new” alleles created by mutation during 

gametogenesis.  This seems unlikely since the exclusions, in the case of the 5 of 6 

locus inclusions, occur randomly with respect to the locus involved.  This explanation 

would be more “acceptable” as a possibility if a single hyper mutational locus appeared 

to be the basis for the single exclusions.  As noted earlier, null alleles are commonly put 

forth as a possible explanation, but again we have no evidence for this at the six loci at 

this time.  Experimental error (mistyping of birds) is also a possibility, but all exclusions 

were confirmed multiple times by a minimum of two persons.  Further study of these 

excluded birds with the 8 additional Caribbean flamingo microsatellite loci in the final 

stages of characterization will undoubtedly shed additional light on which of these 

possibilities is/are the correct explanation in each case.  However, even using only the 

six microsatellite loci described in this dissertation, it should be noted that of the 17 
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captive-born-offspring for which parentage analyses were performed it was possible to 

identify a perfect genetic match for both parents for 8 offspring, one parent for 5 

offspring, and neither parent for only 4 offspring. 

One might enquire as to why parentage studies using the loci originally isolated 

from Caribbean flamingos were only carried out with an African greater flamingo 

population.  For the most part only recently it has been that many wildlife facilities have 

had significant success breeding flamingo species.  Caribbean flamingos have been a 

particularly difficult species to breed in captivity.  However, there is a successful 

breeding flock of Caribbean flamingos at Hialeah Park Racetrack (Florida) and this 

facility has been breeding Caribbean flamingos since the 1930s.  The Audubon Society 

has officially designated this park as a sanctuary for the Caribbean flamingos.  Although 

we have not gained access to samples from this population, and the birds are virtually 

free-living making sample collection difficult, a microsatellite study of a relatively small 

population of flamingos (at least compared to wild populations) which has had few if any 

new introductions over a period of nearly 75 years could prove interesting. 

As part of future work, all six loci should be more thoroughly characterized in the 

Chilean and lesser flamingos.  Two additional species of flamingos (Andean and James 

flamingos) were not studied due to the unavailability of samples. The Andean flamingos 

are listed as a vulnerable species in the IUCN Red List.  Since Andean flamingo 

populations are presently declining to the point where they may soon become an 

endangered species, a reduced genetic diversity can be expected if substantial efforts 

to maintain are not quickly undertaken.  At this time there is only one reported captive-

breeding population of these birds.  As captive-bred populations become a larger 
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portion of the total individuals of this species these breeding programs can readily 

benefit from the use of microsatellite loci to monitor genetic diversity and perform 

parentage verification as necessary.   

 Recent studies in our laboratory have shown that one microsatellite locus from 

this study is conserved and polymorphic in marabou storks, and two of the related 

Caribbean flamingo loci isolated by Lynn Preston (2005) are also polymorphic in 

marabou storks (Tristan Alvarade, unpublished results).  It is therefore clear that these 

microsatellite loci can be further screened for use in other closely related avian species 

such as grebes.     

To summarize, we were able to develop a DNA-based test using six polymorphic 

microsatellite loci that can be used to establish genetic profiles of individual flamingos, 

determine lineage within a population and perform other population genetics-based 

statistical evaluations of wild and captive populations of these birds.  This is the first 

study of flamingos at the molecular level where genetic diversity was measured with the 

most current DNA markers.  Our loci provide a population management tool for wildlife 

authorities and have opened several avenues for further studies of flamingo and other 

related avian species.     
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Nucleotide sequences of clones screened for polymorphic microsatellite loci.  

Underlined sequence represents forward and reverse primers.  Sequences in italics 

represent repeat regions. 

 
1. Nucleotide sequence of clone 1-31b.   
 
GAATTCTGAG AACCTAGGAT GCCCACATCC TGCATTTTAG CATCTTTCCA 

GCCAGCAGCA GCAGCAGCAG CAGCAGCAGC AGCAGGAAAT CCAAATGCCA 

AAGGCTGTCT ACAGGCATAC CCTTTGAATA CGCTTCACTA GTGACGGGAA 

GCAAGAAATG ATCTTCCCTG AAAGTTTGAG CATGGTGCAT GAACTCAAAC 

AACGCGCTCC CTCACGTATG CC 

2.  Nucleotide sequence of clone 1-32a.   

TGTGGAAGCT TAAGACGTGA GCCTCCCGCG CTGAAGACAT AGATGGCTGA 

GGTGGTAAAG CAGCATGACT GCTTCCTTCT CTGCAGCTCG CTGGCTTGCT 

GCAAACATCT GCAGCAGCAG CAGCAGCAGC AGCAGCAGCA GCAGCAGCAG 

TTTAAGCCAA ACCAGCTGAC TCGGGACT 

3.  Nucleotide sequence of clone 4-36.   

GCTGTCTATC TCGCAATACA TGCTCTGAGT AAGAGTTATG TTCTCCGGCC 

ATGACAAGTG TAAAAAGAGC AGCAGCAGCA GCAGCAGCAG CAGCAGCACT 

GAAGGCACCA TGCACAAAAG CAGCAATATG CAAGGAAAGG GGCATGGGAC 

ACGAGCATCG AGTAC 

4.  Nucleotide sequence of clone 4-10.   

AATGTACCTG CCAAACTACA AACTCATTGC AGCTCAGCAA ACAAGTCTCT 

GCCTACATAA TACTCATGCC GCTGCTGCTG CTGCTGCTGC TGCTGCTGCT 

GTTGTTTAGA CTCCTAAGTG TAACGAGGCC ACACAAGGCC TTTTAAATCC 
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ATGTGTATAG CTGAGCATCT ATAGTGGGCA GACAAATAAG GGTAGGGGCA 

AACAAGATGA CTGTCCCTG TAGACTCAGC TTCCTGGAAT GTTGCACACT  

CCTCCCTGTA CTCTTGGTTA AGGGTT 

5.  Nucleotide sequence of clone 2-15b.   

GCTAGGACTA CTGATCATCC TCGGCCCTAC ATTTTATCAT GAAGAACAAA 

CAATGATGAT GCTGATGATG ATGATGATGA TGATGATGAT GATGATGATG 

ATGATTATGA TTATTTTCCT TGTCTCTATC CCTTCTCCAG AACATTTATG 

GATGTTTGGC AGAGAACAGT GTTTACCTTT TTGGC 

6. Nucleotide sequence of clone 1-6b.  

TGTCTCTAGA AGCCGGCTTC GAATATTGCC TTCAGAGCAG GCTCGGCATA 

GCGTAGGGAG CGCGTTGTTT GAGTTCATGC ACCATGCTCA AACTTTCAGG 

GAAGATCATT TCTTGCTTCC CGTCACTAGT GAGGCTATTC TTTACTTTGA 

TTTCTGCTGC TGCTGCTGCT GCTGCTGCTG CTGGAAGATA CTAAATGCGA 

TGTGGACTCT AGNNNNNNNA AGCCCGCAGG AGGCAGGATG GACCAGGCTC 

CAGGTCCTCG CTGTATCAAA ATAATGTCAA CAAACTCCTG TTGCTGCTGA 

TGGTGCTGCC ACCCTCCTTA AGAAAAAAGT AAG 

7.  Nucleotide sequence of clone 1-31a.   

CTGAGAACCT AGGATGCCCA CATCCTGCAT TTTAGCATCT TTCCAGCAGC 

AGCAGCAGCA GCAGCAGCAG CAGCAGCAGC AGCAGGAAAT CCAAATGCCA 

AAGGTTGACT ACAGGCATAC CTTTTGAATA CGCTTCACTA GTGACGGGGA 

AGCAAGAATG ATCTTCCTGA AGTTGAGCAT  

8.  Nucleotide sequence of clone 4-28.   

AATTTTTCAG TTTCCTTTGA GATACAAAAG GCAAGCCTGA GAGGTGTGAA 

GTTGGCCTGA GTGTGAAAAC AAAATCATAA TGAAATGCGA ATAAAATGAA 
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AATAAATGAA GCATTCCCTA ACCGGGGTTT ATAGTGTCAT CTCCAGCCCA 

AGATAGAGCC TGAACCATGG TCCCTGCAGG TACCTCTGCT TTAGCATCAC 

TGGCTGCTGC TGCTGCTGCT GCTGCTGCTG CTGGTGCCTG CAGAGCCTCT 

TAACAAGTAG AAACTGTAGC TGAACTAATG AGCCTGGGAA GGTGCGATGA 

AATCCATAGT TCACTAAAGC TTCTGCTGTA ATTAATT 

9. Nucleotide sequence of clone 2-9a.   

TGAGAACCTA GGATGCCCAC ATCCCTGCATT TTAGCATCT TTCCTGCAGCA        

GCAGCAGCAG AGCAGCAGCA GCACCAGCAGC AGCAGCAGC AGCACTTATGG         

CTCGCTACAA GGGTGCTGGT GGCAGAAATGT CACATCA 

10.  Nucleotide sequence of clone 4-42.   

CGACACACCA GCAACCTGTT AGGAGTCTGT TCCAGCAGCA ACAACAACAA 

CAACAGCAGC AGCAGCAACA ACAGCAGCAG CAGCAACAGC AACAGCAGCA 

GCAGCAGCAA CAGTTACAAT CTCTGCTTCC TTTACAGCAT CAGCATCATT 

CTTCTCCTCC TCCAGGGCTA CATATGCCCC CTCAGATAGA AACGCCTAGA 

ATAATAATGA CTCCACCTCC AGTGACACCT CAGCAACCGA AGAACATACA  

CA 

11.  Nucleotide sequence of clone 1-46a.   

AATTGGAAAT AGGAATAATG TTACACGCCA GGTTCTCTGA GGCTGGGACT 

TTTTCTGTGT CGCAAACCTA GCACGTTGTG GTTGCTACCC TGAAACACAC 

AAAGGAAAAG CAGAAACAAC CAAGTAAGGA GAAAAGACAC TCCAGGGTTG 

TGAAGACTGT CACAGGACGC TACAAATCAA AGCAAGAGCT GGGAGTGCCG 

GTACTGGAGG AGCCGAGTCA GAGCCAGGGC TGGGGCCAGC CCCCAGCAGC 

AGCAGCAGCA GCAGCAGCAG CAGCAGCAGC AGCAGGCGGC AGAGAACCCC 

CTGAGTGCAG AGGTAACATA GACAAAGTTG AAAAATGGAT GAGTAGAGAC 
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GGTGTTGGCA CTTACACAGA GAGTTGCAAA GTTATAAAAG TAATGTGAAA 

TGGTGCACGG AGAACGGCAT ANGAGGCTCT TATCTCTGTT TTCTGGACAC 

CAGACTGTCT GGCTGCTGCC TTTTTAAAGT CTTCNAGTTT AGAAAAAAAT 

GATGTTGAAA AACNGAGAAA AAGAACTTTT CATGGATGAA A 

12.  Nucleotide sequence of clone 4-37.   

AATTGGGTAC CGGGCCCCCC CTCGAGGTCG ACGGTATCGA TAAGCTTGAT 

ATCGAATTTT CTTTGGAAGC CGGCTTCGAA TATTGCCTTC AGAGCAGGCT 

CGGCATAGCG TAGGGAGCGC GTTGTTTGAG TTCATGCACC ATGCTCAAAC 

TTTCAGGGAA GATCATTTCT TGCTTCCCGT CACTAGTGAA GCGTATTCAA 

AAGGAATGCC TGTAGTCAGC CTTTGGCATT TGGATTTCCT GCTGCTGCTG 

CTGCTGCTGC TGCTGCTGCT ACCCCAAGCT TCGAATT 

13.  Nucleotide sequence of clone 4-24.   

TGCCTCTAGA AGCCGGCTTC GAATATTGCC TTCAGAGCAG GCTCGGCATA 

GCGTAGGGAG CGCTTGTTTG AGTTCATGCA CCATGCTCAA ACTTTCAGGG 

AAGATCATTT CTTGCTTCCC GTCACTAGTG AAGCGTATTC AAAAGGAATG 

CCTGTAGTCA GCCTTTGGCA TTTGGATTTC CTGCTGCTGC TGCTGCTGCT 

GCTGCTGCTG CTGCTGCTGG AAAGATGCTA AAATGCAGGA TGTGGGCATC 

CTAGGTTCTC AGAAATT 

14.  Nucleotide sequence of clone 2-13a.   

AATTTGTTCC AAAGCCTGAG GCTGTTAAAT CTACTCTTAG GATGTCTCCA 

GTCTACTTTT TCCTCCTTCC ATTTTGTATC CTTGCTTATT TCTCTTTGAA 

GTAAGTCTCA GTTGATCTAG AGCGAGGTGC AGCCTGGATG GAGCATGAAC 

CTCTTCAGTG TTCAGTTGCT TTGGTCCCAC TGCCTGTGGG CTACACAGCT 

GCAGGAACAG AGTTTATTTC TGTCCTGTTA GTCCTGGCAC TTTATTCCAC 
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ATGCATTGTC ATGACTTCTG TGGGAAGTGG GTACTCTTCG GTGTAAGCAG 

CAGCAGCAGC AGCAGCAGCA GCAGCAGTGC CATTTGGCCC ATAGCCATGT 

GTCTATGGGA ATAATGAAGT AAGTGCATTA CTTGAAGTTC CTTTGTCTTT 

GTGACCTTGA CAGCCCACTT TTCCTATGGC TTTGTTCCTT CCACTTTGTA 

CCAAACAGTG CCTAAACATG GATTACTAAA GCAGTAGAAA TGCAGAAAAA  

AACCAATT 

15.  Nucleotide sequence of clone 4-11.   

CTGAGAACCT AGGATGCCCA CATCCTGCAT TTTAGCATCT TTCCAGCAGC 

AGCAGCAGCA GCAGCAGCAG CAGCAGCAGC AGGAGGAAAT CCAAATGCCA 

AAGGCTGACT ACAGGCATTC CTTTTGAATA CGCTTCACTA GTGACGGGAA 
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UNT ID 
RLBR 

ID 
 

Sex 
 

UNT ID 
RLBR 

ID 
 

Sex UNT ID
RLBR 

ID 
 

Sex
 

UNT ID 
RLBR 

ID Sex
1 DZCT F  27 DFHF M L11 11 2003 *  L37 HZBB M 
2 DFFC F  28 F161 F L12 202 HXXJ *  L38 HZDN M 
3 DFHD M  29 FB2 F L13 13 2003 *  L39 HCXH M 
4 DFHD M  30 HXLH F L14 14 2003 *  L40 HXVJ M 
5 DXPC M  31 HXJB F L15 215 HXJA *  L41 HXVZ M 

6 
DXAX F  32 FB1 F 

L16 
192 

HXPA 
*  

L42 HXLB M 
7 DXXV F  33 F3 M L17 183 HXLS *  L43 HXBJ F 

8 
DZNF F  34 F4 M

L18 
205 

HZHN 
*  

L44 HXCV
F 

9 DZZD F  35 F6 M L19 HXCI M  L45 HXBX F 
10 DXPL M  36 F8 F L20 HZDT M  L46 HXBF F 
11 DXBB M  37 F9 F L21 HXTH M  L47 136 F 
12 DZAB M  38 F10 M L22 HXZA M  L48 HXZC F 
13 DZZF F  39 F12 F L23 HZAX M  L49 HZCL F 
14 DXBC F  40 F13 M L24 HZAD M  L50 138 F 
15 DFBV F  41 F14 M L25 HXLZ M  L51 HXBC F 
16 DZAV F  42 H2FF M L26 HZDF M  L52 HZAH F 
17 DXBN F  L1 1 2003 M L27 403 2003   L53 HXJD F 
18 DXBX F  L2 2 2003 * L28 404 2003 F  L54 HXZT F 

19 
DFXV *  

L3 
198 

HXTX 
 

M L29 421 2003
*  

L55 HZBP 
F 

20 DZZA F  L4 4 2003 F L30 422 2003 *  L56 HZBS F 
21 DXAZ F  L5 5 2003 F L31 441 2003 *  L57 HXJL F 
22 DXCH F  L6 6 2003 * L32 442 2003 *  L58 HFAD F 

23 
DZCP M  

L7 
201 

HXXC 
* 

L33 482 2003
 

F 
 

L59 HZAA 
F 

24 DXAP F  L8 8 2003 * L34 483 2003 F     
25 DFXL F  L9 9 2003 * L35 485 2003 F     

26 
DXTV F  

L10 
209 

HXVX 
M

L36 486 2003
*  

 
 

 
 

Table 17:  Sex, UNT ID and Ria Lagartos Biospere Reserve (RLBR) ID of Caribbean 

flamingos.  * Sex not determined for these Caribbean flamingos due to difficulty in 

amplifying DNA. 
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UNT ID DAK ID 
Birth
Info 

 
Sex UNT ID DAK ID

Birth  
Info 

 
Sex 

1 980716 0781 F 25 000083 0200 F 
2 990287 0699 F 26 000084 0300 M 
3 980849 0598 M 27 780107 --71 F 
4 020169 0502 F 28 980109 --71 ** 
5 010005 0101 M 29 930112 --88 M 
6 000146 0400 M 30 980114 --88 M 
7 980855 0598 F 31 980118 0198 M 
8 990288 0699 M 32 980119 0198 M 
9 980848 0598 M 33 980121 0198 M 

10 000132 0400 F 34 020126 0497 F 
11 980853 0598 F 35 990127 0597 F 
12 010264 0601 F 36 990147 0399 F 
13 980850 0598 M 37 000177 0500 M 
14 980852 0598 F 38 020178 0502 F 
15 990296a 0602 F 39 981227 0197 M 
16 020296b 0699 M 40 010255 0601 M 
17 980712 0781 M 41 981263 0698 M 
18 990289 0699 M 42 010276 0601 F 
19 010265 0601 F 43 010308 0601 F 
20 980715 0681 F 44 988714 0785 M 
21 000032 0200 F 45 980717 0785 F 
22 000033 0200 F 46 980851 0598 F 
23 981057 0591 F 47 980854 0598 F 
24 020077 0796 M 48* 020078 UNK F 
    49* 020079 0796 F 

 

Table 18:  Sex, UNT ID and Disney’s Animal Kingdom (DAK) ID and birth information of 

African greater flamingos.  * These are lesser flamingos.  **The DNA from this sample 

could not be amplified after many attempts.  The birth information is in a month/year 

format where the first two numbers represent the month and the last two numbers 

represent the year.  The numbers in bold are the date some birds were acquired as 

adults since the exact birth date is unknown.  
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The following sequences are of Caribbean flamingos used to determine allele sizes.  

The UNT ID, locus and number of repeats is provided preceding each sequence.  

Primer sequences not included since they would arbitrarily match the predetermined 

primers. 

1.  Nucleotide sequence of Locus Pruμ1 from homozygote Caribbean flamingo # 11. 

This sequence contains 14 repeats of GCA. 

GACTCGGTAC TACAGCATTG ACTGCTTCCT TCTCTGCAGC TCGCTGGCTT 

GCTGCAAACC ATCTGCAGCA GCAGCAGCAG CAGCAGCAGC AGCAGCAGCA  

GCAGTTTATN CCGCACCAGC TGAATCGTCA CTACTA 

2.  Nucleotide sequence of Locus Pruμ1 from homozygote Caribbean flamingo # 10.  

This sequence contains 14 repeats of GCA. 

GACTGCTTCC TTCTCTGCAG CTCGCTGGCT TGCCTGCAAA CCATCTGCAG 

CAGCAGCAGC AGCAGCAGCA GCAGCAGCAG CAGCAGCGGT TTAAGCCAAA 

CCAGCTGACT CGGGACT  

3.  Nucleotide sequence of Locus Pruμ2 from homozygote Caribbean flamingo # 17.  

This sequence contains 9 repeats of GCA. 

GTTGCCCTAC CCTATTTGTC CTGCCCACTA TAAGATGCTC AGCTATACAC 

TGGATTTAAA AGGCCTTGTG TGGCCTCGTT ACACTTAGGA GTCTAAACAA 

CAGCAGCAGC AGCAGCAGCA GCAGCAGCAA CATGAGTATT ATGTAGGCAG 

AGACTTGTTT GCTGAGCTGC AA 

4.  Nucleotide sequence of Locus Pruμ2 from homozygote Caribbean flamingo # 18. 

This sequence contains 9 repeats of GCA. 
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GTTGCCCTAC CCTATTTGTC CTGCCCACTA TAAGATGCTC AGCTATACAC 

TGGATTTAAA AGGCCTTGTG TGGCCTCGTT ACACTTAGGA GTCTAAACAA 

CAGCAGCAGC AGCAGCAGCA GCAGCAGCAA CATGAGTATT ATGTAGGCAG 

AGACTTGTTT GCTGAGCTGC AA 

5.  Nucleotide sequence of Locus Pruμ3 from homozygote Caribbean flamingo # 24. 

This sequence contains AAT AAT CAT AAT (CAT)10 for a total of 17 repeats. 

GAGAAGGGAC GAGACAAGGA AAATAATCAT AATCATCATC ATCATCATCA 

TCATCATCAT CATCATCATC ATTTATTCTT CATGATAAAA TGTAGGGCCG  

AGGATGATA  

6.  Nucleotide sequence of Locus Pruμ3 from homozygote Caribbean flamingo # 34. 

This sequence contains ATA ATC ATA followed by 16 repeats of ATC for a total of 19 

repeats. 

CTGGAGAAGG GACCGAGACA AGGAAATAAT CATAATCATC ATCATCATCA 

TCATCATCAT CATCATCATC ATCATCATCA TTTATTCTTC ATGATAAAAT 

GTAGGGCCGA GGATGATAAT GG 

7.  Nucleotide sequence of Locus Pruμ4 from homozygote Caribbean flamingo # 9. This 

sequence contains 9 repeats of CAG.   

GGAGGAGCCG AGTCAGAGCC AGGGCTGGGG GCCAGCCCCA GCGAGCAGGA 

GCAGCACCAG TAGCCACGGC ACTGGAGAAC TGGGAACAGG GACGTGCCCC 

AGCAGCAGCA GCAGCAGCAG CAGCAGGCGG CAAAGAACCC CCTGAGTGCA 

GAGGTAACAT AGACAAAGTG AAAAATGGAT GAGTAGAGAC GGTGTTGGCA 

CTTACACAAG TGTTGGCACT TACACA 
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8. Nucleotide sequence of Locus Pruμ4 from homozygote Caribbean flamingo # 41. 

This sequence contains 12 repeats of GCT. 

ACTTTGTCTA TGTTACCTCTGCACTCAGGGGGTTCTTTGCCTGCTGCT GCTGCTGCTG 

CTGCTGCTGC TGCTGCTGCTGGAGCACGTCCCCGTTCC CAGTTCTCCA CTGGTGCTGC 

TCCTGCTCGC TGGGGCTGGC CCCAGCCCTG GCTCTGACTC TGCTCCTCCA 

GTACCGCACT CCCTGCTCTT GCT  

9.  Nucleotide sequence of Locus Pruμ5 from homozygote Caribbean flamingo # 27. 

This sequence contains (GCA)2 (ACA.)5 (GCA)4 (ACA)2 (GCA)4 ACA GCA ACA (GCA)5 

ACA for a total of 26 repeats. 

GCAGCAACAA CAACAACAAC AGCAGCAGCA GCAGCAACAA CAGCAGCAGC 

AGCAACAGCA ACAGCAACAG TTACAATCTC TGCTTCCTTT ACAGCATCAG 

CATCATTCTC TCCTCCTCCA GGGCTACATA TGCCCCCTCA GATAGAAACG 

CCTAGAATAA TGATGACTCC ACCAGTGACA CCTCAGCAAC CGAAGAA 

10.  Nucleotide sequence of Locus Pruμ6 from homozygote Caribbean flamingo # 14. 

This sequence contains 11 repeats of GCT.  

ATTGAAGCAT TCCCTAACCG GGGTTTATAG TGTCATCTCC AGCCCAAGAT 

AGAACCTGAA CCATGGTCCC TGCAGGTACC TCTGCTTTAG CATCACTGGC 

TGCTGCTGCT GCTGCTGCTG CTGCTGCTGC TGGTGCCTAC AGAGCCTCTT 

AACAAGTAGA AGCTGTAGCT GAACTAATGA GCCTGGGA 

11.  Nucleotide sequence of Locus Pruμ6 from homozygote Caribbean flamingo # 28. 

This sequence contains 11 repeats of GCT. 

AATTGAAAAT AAATNGGAAG CATTCCCTAA CCGGGGTTTA TAGTGTCATC 

TCCAGCCCAA GATAGAACCT GAACCATGGT CCCTGCAGGT ACCTCTGCTT 
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TAGCATCACT GGCTGCTGCT GCTGCTGCTG CTGCTGCTGC TGCTACAGAG 

CCTCTTAACA AGTAGAAGCT GTAGCTGAAC TAATGAGCCT GGGA 

 

The following sequences are of African greater flamingos used to determine allele sizes.  

The UNT ID, locus and number of repeats is provided preceding each sequence. 

1.  Nucleotide sequence of Locus Proμ1 from homozygote African greater flamingo #2.  

This sequence contains 10 repeats of GCA. 

TGAGGTGGTA AAGCAGCATG ACTGCTTCCT TCTCTGCAGC TCGCTGGCTT 

GCTGCAAACC ATCTGCAGCA GCAGCAGCAG CAGCAGCAGC AGCAGTTTAA 

GCCAAACCAG CTGACTCGGG ACT  

2.  Nucleotide sequence of Locus Proμ1 from homozygote African greater flamingo #15. 

This sequence contains 14 repeats of GCA. 

TGAGGTGGTA AAGCAGCATG ACTGCTTCCT TCTCTGCAGC TCGCTGGCTT 

GCTGCAAACC ATCTGCAGCA GCAGCAGCAG CAGCAGCAGC AGCAGCAGCA 

GCAGCAGTTT AAGCCAAACC AGCTGACTCG GGACT 

3.  Nucleotide sequence of Locus Proμ2 from homozygote African greater flamingo #13.  

This sequence contains 9 repeats of GCA. 

TCCAGGACCT GATCTACAGC CACAGTCATC TGTTGCCCTA CCCTATTTGT 

CCTGCCCACT ATAGATGCTC AGCTATACAC TGGATTTAAA AGGCCTTGTG 

TGGCCTCGTT ACACTTAGGA GTCTAAACAA CAGCAGCAGC AGCAGCAGCA 

GCAGCAGCAA CATGAGTATT ATGTAGGCAG AGACTTGTTT GCTGAGCTGC  

AAA 
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4.  Nucleotide sequence of Locus Proμ2 from homozygote African greater flamingo #15.  

This sequence contains 9 repeats of GCA. 

TCCAGGNCCC TGATCTACNG CCCACAGTCA TCTTGTTGCC CTACCCTATT 

TGTCCTGCCC ACTATAGATG CTCAGCTATA CACTGGATTT AAAAGGCCTT 

GTGTGGCCTC GTTACACTTA GGAGTCTAAA CAACAGCAGC AGCAGCAGCA 

GCAGCAGCAG CAACATGAGT ATTATGTAGG CAGAGACTTG TTTGCTGAGC  

TGCAAAC 

5.  Nucleotide sequence of Locus Proμ3 from homozygote African greater flamingo #8.  

This sequence contains 14 repeats of (AAT)2 CAT AAT (CAT)10  for a total of 14 

repeats. 

GACAAGGAAA ATAATCATAA TCATCATCAT CATCATCATC ATCATCATCA 

TTTATTCTTC ATGATAAAAT GTAGGGCCGA NGATGATAAA G  

6.  Nucleotide sequence of Locus Proμ3 from homozygote African greater flamingo #9.  

This sequence contains 14 repeats of (AAT)2 CAT AAT (CAT)10 for a total of 14 repeats. 

GACAAGGAAA ATAATCATAA TCATCATCAT CATCATCATC ATCATCATCA 

TTTATTCTTC ATGATAAAAT GTAGGGCCGA NGATGATAAA G  

7.  Nucleotide sequence of Locus Proμ4 from homozygote African greater flamingo #8.  

This sequence contains 8 repeats of GCA. 

AATCAAAGCA AGAGCAGGGA GTGCGGTACT GGAGGAGCCG AGTCAGAGCC 

AGGGCTGGGG CCAGCCCCAG CGAGCAGGAG CAGCACCAGT AGCCACGGCA 

CTGGAGAACT GGGAACAGGG ACGTGCCACA GCAGCAGCAG CAGCAGCAGC 

AGCAGCAGGC GGCAAAGAAC CCCCTGAGTG CAGAGGTAAC ATAGACAAAG 

TGAAAAATGG ATGAGTAGAG ACGGTGTTGG CACTTTACAC AA 
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8.  Nucleotide sequence of Locus Proμ4 from homozygote African greater flamingo #45.  

This sequence contains 10 repeats of GCA. 

AATCAAGCAA GAGCAGGGAG TGCGGTACTG GAGGAGCCGA GTCAGAGCCA 

GGGCTGGGGC CAGCCCCAGC GAGCAGGAGC AGCACCAGTG GNCCANNGNC 

TGCAGAANTG NGANCNNGNA CCTGCCCCAG CAGCAGCAGC AGCAGCAGCA 

GCAGCAGCAG GCGGCAAAGA ACCCCCTGAG TGCAGAGGTA ACATAGACAA 

AGTGAAAAAT GGATGAGTAG AGACGGTGTT GGCATTTACA CAA 

9.  Nucleotide sequence of Locus Proμ5 from homozygote African greater flamingo #21. 

This sequence contains (GCA)2 (ACA)5 (GCA)4 (ACA)2 (GCA)4 ACA GCA ACA (GCA)5 

ACA for a total of 26 repeats. 

GCAGCAACAA CAACAACAAC AGCAGCAGCA GCAGCAACAA CAGCAGCAGC 

AGCAACAGCA ACAGCAACAG TTACAATCTC TGCTTCCTTT ACAGCATCAG 

CATCATTCTT CTCCTCCTCC AGGGCTACAT ATGCCCCCTC AGATAGAAAC 

GCCTAGAATA ATGATGACTC CACCTCCAGT GACACCTCAG CAACCGAAGA  

ACAT 

10.  Nucleotide sequence of Locus Proμ6 from homozygote African greater flamingo #9.  

This sequence contains 11 repeats of GCA. 

TCAGTCCTAC TTGTTAAGAC GCTCTGTAGG CACCAGCAGC AGCAGCAGCA 

GCAGCAGCAG CAGCCNNTGA TGCTAAAGCA CANGNACCTG CNNGGACCAT 

GGTTCANGCT CANTCTNG 

11.  Nucleotide sequence of Locus Proμ6 from homozygote African greater flamingo 

#28. This sequence contains 9 repeats of GCT. 
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AATTNCCAGC GAATAAAATG AAAATAANTG AAGCATTCCC TAACCGGGGT 

TTACAGTGTC ATCTCCAGCC CAAGATAGAG CCTGAACCAT GGTCCCTGCA 

GGTACCTCTG CTTTAGCATC ACTGGCTGCT GCTGCTGCTG CTGCTGCTGC 

TATGGAGCCT NTTAA  

 

The following sequences are of Chilean flamingos used to determine allele sizes.  The 

UNT ID, locus and number of repeats is provided preceding each sequence. 

1.  Nucleotide sequence of Locus Pchμ1 from homozygote Chilean flamingo #6.  This 

sequence contains 11 repeats of GCA. 

TAAAGCAGCA TGCCCGCTTC CTTCTCTGCA GCTCGCTGGC TTGCTGCAAA 

CCATCTGCAG CAGCAGCAGC AGCAGCAGCA GCAGCAGCAG TTGAAGCCAA 

ACCAGCTGAC TCGGGACTAA AAG 

2.  Nucleotide sequence of Locus Pchμ4 from homozygote Chilean flamingo #2.  This 

sequence contains 15 repeats of AGC. 

CAATCCCAGC AAGAGCAGGC AGTGCGGTAC TTGGAGGAGC CGAGTCAGAG 

CCANGGGCTG GGGCCAGCCC CAGCGAGCAG GAGCAGCACC AGTAGCCACG 

GCACTGGAGA ACTGGGAACG GGGACGTGCC CCAGCAGCAG CAGCAGCAGC 

AGCAGCAGCA GCAGCAGCAG CAGCAGCAGG CAAAGAACCC CCTGAGTGCA 

GAGGTAACAT AGACAAAGTG AAAAATGGAT GAGTAGAGAC GGTGTTGGCA 

3.  Nucleotide sequence of Locus Pchμ5 from homozygote Chilean flamingo #2.  This 

sequence contains (GCA) 3 (ACA)4 (GCA) 4 (ACA) 2 (GCA) 4 ACA GCA ACA (GCA)5 

ACA for a total of 26 repeats. 
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GCAGCAGCAA CAACAACAAC AGCAGCAGCA GCAACAACAG CAGCAGCAGC 

AACAGCAACA GCAGCAGCAG CAGCAACAGT TACAATCTCT GCTTCCTTTA 

CAGCATCAGC ATCATTCTTC TCCTCCTCCA GGGCTACATA TGCCCCCTCA 

GATAGAAACG CCTAGAATAA TGATGACTCC ACCTCCAGTG ACACCTCAGC 

AACCGAAGAA CAT  

4.  Nucleotide sequence of Locus Pchμ5 from homozygote Chilean flamingo #6.  This 

sequence contains 14 repeats of AGC.  This is a sequence of the lower band formed by 

individual #6. 

CAATCCCAGC AAGAGCAGNN GAGTTGCGGT ACTGGGAGGA GCCGAGTCAG 

AGCCAGGGCT GGGGCCAGCC CCAGCGAGCA GGAGCAGCAC CAGTAGCCAC 

GGCACTGGAG AACTGGGAAC GGGGACGTGC CCCAGCAGCA GCAGCAGCAG 

CAGCAGCAGC AGCAGCAGCA GCAGCAGGAG NAGAA 

5.  Nucleotide sequence of Locus Pchμ6 from homozygote Chilean flamingo #4.  This 

sequence contains 10 repeats of GCT. 

CCTAACCGGG GTTTACAGTG TCATCTCCAG CCCAAGATAG AGCCTGAACC 

ATGGTCCCTG CAGGTACCTC TGCTTTGCAT CACTGGCTGC TGCTGCTGCT 

GCTGCTGCTG CTGCTGCCNN CANANCATCT TA  

6.  Nucleotide sequence of Locus Pchμ6 from homozygote Chilean flamingo #1.  This 

sequence contains 10 repeats of GCT. 

TGCCTGCGAA TAANATGAAA ATAAATCGAA GCATTCCCTA ACCGGGGTTT  

ACAGTGTCAT CTCCAGCCCA AGATAGAGCC TGAACCATGG TCCCTGCAGG 

TACCTCTGCT TTAGCATCAC TGGCTGCTGC TGCTGCTGCT GCTGCTGCTG 

CTGCC 
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Table 19:  UNT bird ID codes for specimen profiles in Figure 27 (Locus Pruμ4).   

 

Lane Number UNT ID
1 20 
2 21 
3 5 
4 16 
5 29 
6 33 
7 2 
8 15 
9 18 

10 19 
11 22 
12 17 
13 26 
14 32 
15 24 
16 1 
17 27 
18 22 
19 23 
20 12 
21 4 
22 30 
23 31 
24 39 
25 3 
26 6 
27 7 
28 8 
29 9 
30 10 
31 11 
32 14 
33 34 
34 28 
35 40 
36 29 
37 41 
38 1 
39 4 
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Lane Number UNT ID
1 20 
2 27 
3 40 
4 24 
5 15 
6 26 
7 19 
8 30 
9 18 

10 23 
11 41 
12 33 
13 9 
14 31 
15 17 
16 1 
17 4 
18 29 
19 14 
20 39 
21 16 
22 28 
23 21 
24 32 
25 22 
26 34 

 
Table 20:  UNT bird ID codes for specimen profiles in Figure 30 (Locus Pruμ5). 
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Lane 
Number 

UNT ID  Lane 
Number 

UNT ID 

1 53  22 11 
2 53  23 12 
3 56  24 14 
4 57  25 18 
5 58  26 19 
6 59  27 20 
7 60  28 21 
8 61  29 22 
9 62  30 28 
10 63  31 29 
11 64  32 30 
12 65  33 1 
13 68  34 23 
14 69  35 27 
15 3  36 15 
16 4  37 26 
17 6  38 5 
18 7  39 17 
19 8  40 16 
20 9  41 24 
21 10  42 2 

 

Table 21:  UNT bird ID codes for specimen profiles in Figures 32, 33 and 35 (Locus 

Pruμ6). 
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Lane Number UNT ID Lane Number UNT ID 
1 23 24 15 
2 21 25 19 
3 16 26 25 
4 8 27 26 
5 6 28 27 
6 5 29 28 
7 4 30 29 
8 7 31 30 
9 3 32 31 

10 2 33 32 
11 1 34 33 
12 17 35 34 
13 13 36 35 
14 12 37 38 
15 20 38 39 
16 10 39 41 
17 11 40 42 
18 9 41 43 
19 24 42 18 
20 49 43 44 
21 47 44 40 
22 46 45 37 
23 45   

 

Table 22:  UNT bird ID codes for specimen profiles in Figure 49 (Locus Proμ2). 
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Lane Number UNT ID Lane Number UNT ID 
1 21 25 5 
2 41 26 6 
3 39 27 8 
4 38 28 35 
5 23 29 34 
6 45 30 33 
7 46 31 32 
8 47 32 31 
9 48 33 30 

10 49 34 29 
11 24 35 28 
12 9 36 27 
13 11 37 26 
14 10 38 25 
15 20 39 19 
16 12 40 42 
17 13 41 43 
18 14 42 18 
19 17 43 44 
20 1 44 40 
21 2 45 37 
22 3 46 15 
23 7 47 16 
24 4   

 

Table 23:  UNT bird ID codes for specimen profiles in Figure 52 (Locus Proμ5). 
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Locus Primers Ta 
P.r.ruber

Ta 
P.r.roseus 

Ta 
P.chilensi
s 

Ta 
P.minor 

μ1 F:  TGT GGC AGC TTA AGA CGT GA 
R:  AGT CCC GAG TCA GCT GGT TT 
 

60 °C 61 °C 61 °C 61 °C 

μ2 F:  TTG CAG CTC AGC AAA CAA GT 
R:  CAG GGA GGA GTG TGC AAC AT 
 

60 °C 60 °C 60 °C 60 °C 

μ3 F:  ATC ATC CTC GGC CCT ACA TT 
R:  TGT TCT CTG CCA AAC ATC CA 
 

58 °C 63 °C 57 °C 63 °C 

μ4 F:  TGA AGA CTG TCA CAG GAC GC 
R:  TGT GTA AGT GCC AAC ACC GT 
 

60 °C 60 °C 60 °C 60 °C 

μ5 F:  CAC CAG CCT GTT AGG AGT 
R:  ATG TTC TTC GGT TGC TGA GG 
 

60 °C 60 °C 60 °C 60 °C 

μ6 F:  GGT GTG AAG TTG GCC TGA GT 
R:  CCC AGG CTC ATT AGT TCA GC 
 

60 °C 61 °C 60 °C 61 °C 

 

Table 24:  Primer sequence information and annealing temperatures for amplification of 

microsatellite loci from flamingo species.  Ta- optimum annealing temperature  
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