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II. ABSTRACT 

Five polymorphic microsatellite loci were characterized from a genomic library 

constructed for the Great Plains toad, Bufo cognatus. Specimens were collected at eight 

playa localities in northern Texas: four in natural grassland habitat and four from human 

disturbed cropland habitat. Herein, we present identification and characterization of five 

novel primer pairs that flank each microsatellite locus were identified and the PCR 

conditions were used to amplify each of the variable regions. Allele frequencies for each 

locus and locality were estimated, which were ultimately been used to evaluate the 

genetic variability and inter-population differentiation of these toads between habitats. 

Heterozygosity estimates within and among toad populations were estimated and were 

reported for these five loci. These measures were then compared in order to determine 

whether there were any anthropogenic influences on these toads in the cropland 

populations when compared to the control grassland populations. The PCR 

amplification products of these loci are currently being used as markers in a larger study 

characterizing the genetics and structure of 5. cognatus populations inhabiting playa 

lakes on the Llano Estacado plateau. 

III. OBJECTIVE 

The primary objective of this study is to determine if anthropogenic land use found in 

cropland playas affects the genetic diversity of Bufo .cognatus when compared to the 

confrol grassland populations. The two main questions this project is focused are: 

1) How do anthropogenics affect the genetic diversity of 

the amphibian populations? 



2) What is the effect of structure of position in playas on the genetic diversity 

and demographics of amphibians? 

These conservation ecology questions will be answered with the analyses of the 

microsatellite library as a molecular genetic tool. Allele frequencies that exist in B. 

cognatus populations have been analyzed in which one can predict the population biology 

of other toad populations. Such assessments of genetic diversity will allow for the 

determination of the population structure and any subdivision that exists within and 

among populations from different playas, as well as the level of migration of toads 

between these playas. It will also allow for the determination if any of these population 

parameters are affected by anthropogenic influences such as the differences in toad 

populations in croplands versus grassland playas. This type of research is beneficial 

because it allows one to understand the population structure by being able to recognize 

patterns of dispersal and migration, as well as to estimate reproductive success and 

population diversity in the presence and absence of anthropogenic influence. 

These toad populations are currently being examined as a means to investigate the degree 

of spatial population structuring among the different populations as well as to determine 

population differentiation across fragmented habitats in both cropland and grasslands 

playa lakes. 



IV. HYPOTHESIS 

There will be reduced biological diversity in cropland playas; thus it was predicted that 

the overall genetic diversity (observed heterozygosity) in the toad population occupying 

cropland playas would be lower than when compared to the genetic diversity of the toads 

from grassland playas. 

V. INTRODUCTION 

The purpose of this project is to provide evidence on whether anthropogenic influences 

are having a negative effect on the toad B. cognatus. In general, amphibian populations 

have suffered massive declines over the last 40 years and accumulated evidence indicates 

that habitat alteration caused by humans is a primary reason (Carey et al. 2001). 

Anurans are of particular concern because they can be highly vulnerable to environmental 

sfresses (due to their highly permeable skin). Thus they may serve as sentinel species for 

environmental disturbances in certain habitats (e.g. freshwater ecosystems modified on a 

massive scale by human activity); essentially the success or failure of anuran species can 

indicate the fate of other species in the same enviroimient (Welsh et al. 1991). 

Amphibians are an integral part of our wildlife resources since they consume large 

quantities of insects and other invertebrates, making them an important component of the 

commimity food web (Bury et al. 1980). The Great Plains Toad (Bufo cognatus) is found 

from exfreme southern Canada, to northern and western Texas, to exfreme southeastern 

California and south into Mexico (James 1998). The demographics and genetic diversity 

of 5. cognatus in northwestern Texas are hypothesized to be affected by anthropogenic 



influences as well as the structure and location of playa wetlands. A microsatellite 

library for B. cognatus was constructed and analyzed in order to calculate indices of 

genetic diversity. These calculated values will ultimately allow toad populations 

surrounding the studied playa lake regions to be genetically characterized. Calculated 

values of gene flow and migration patterns of these five polymorphic microsatellite loci 

also will allow for the evaluation of the effect of anthropogenic disturbances within and 

among the populations. Such assessments of genetic diversity are currently under the 

process of being determined and will eventually allow us to determine population 

structure as well as the level of migration of toads between the locations. This thesis 

focuses primarily on the description of the process of how the microsatellite library was 

constructed and the implications and importance behind its genetic analysis. 

Microsatellites are loci that are interspersed throughout the entire genome that consist of 

short tandem repeats (2-6 bp). They are considered to be excellent markers that are 

useful in population genetics, gene mapping, and in some CEises, resolving evolutionary 

relationships. This project uses microsatellites to compare levels of genetic variation 

between populations, to gain insight about population structure aned to discover the 

amoimt of migration between these subpopulations and the genetic relationship among 

the different populations. The five characterized microsatellite markers have allowed for 

the detection of genetic polymorphism among and within populations of Bufo cognatus. 

From the T. Glerm lab, a modified version of the Microsatellite Isolation protocol was 

used to screen more than a hundred recombinant-plasmid clones, each of which 

potentially carried a different microsatellite repeat. After screening the microsatellites by 

PCR, the sequences that flanked each locus were determined so that PCR primers that 
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would allow for the amplification of these repeated regions could be synthesized. 

Flanking primers were then designed for each microsatellite locus and used in 

polymerase chain reaction (PCR) analysis to amplify the regions containing the 

microsatellite repeats. Allele frequencies and their standardized variances for each toad 

individual among playa lakes were then estimated. These polymorphic loci will be 

helpful in generating data that will help estimate the degree of spatial population 

structuring among the toads in any population, as well as the population differentiation 

across fragmented habitats in cropland and grassland playa lakes. 

The ultimate objective of this research was to use microsatellites to characterize levels of 

genetic diversity within and between populations of 5. cognatus. Ultimately, the goal is 

to compare the genetic variation in the populations found in grassland playas with 

populations found in playas influenced by croplands. The genetic variation found within 

B. cognatus is important because if their genetic structure is indeed affected by human 

activity, the generated data potentially can be applied to other playa organisms as well. 

The genetic diversity within most species is the result of not only complex processes that 

are shaped by intrinsic factors to the species (e.g. migration patterns and paternity), but 

also by external factors (e.g. inter-specific interactions, enviroimiental consfraints, and 

human activity). 



VI. MATERIALS AND METHODS 

The first step in the construction of a microstatellite library for B. cognatus was to collect 

tissue samples from populations of this amphibian as a source of DNA from playa lakes, 

along a series of transects of different spatial scale, and across fragmented habitats of 

both cropland and grassland (confrol group). Approximately 120 individuals ofB. 

cognatus from eight different playa lakes located on the Southern High Plains in Hale, 

Floyd, and Casfro Counties were collected. These ponds are separated by distances 

ranging between 1 -2 kilometers. Toads were captured during their breeding season using 

drift fences and pitfall traps placed aroimd each pond in the summer season. The toes of 

the toads were clipped, stored in 1.5 ml vials, and frozen at -70 °C . The toes were then 

pulverized in liquid nifrogen for DNA extraction from each individual captured from 

each population. Approximately 40 ^L of genomic DNA were digested to about 500 

base pair fragments using the restriction enzymes Rsaland Hae III. An enrichment 

process was then performed in order to design oligonucleotides that would bind to the 

complementary sequences of the microsatellites and thus increased their ratio. The 

enrichment process was followed by ligating DNA fi:agments into plasmids which was 

fransformed into the JM109 E.coli cell via heatshock using the Library Efficiency© 

DH5aMCR^'^ Competent Cells Protocal. The bacterial cells containing vectors were 

then spread on agar plates containing Xgal, and IPTG (sugar) and cultured overnight at 

37°C. Insert-containing colonies were identified as white colonies and the presence of 

inserts were in turn confirmed by performing a polymerase chain reaction (PCR) on the 
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colonies using the primers pBlue 765 and pBlue 670, followed by agarose gel 

elecfrophoresis. 

The next objective was to isolate sufficient insert-containing plasmids from the bacterial 

cells in order to maximize the probability of obtaining additional variable microsatellites. 

Several colonies of the transformed cells were grown and a PCR was performed the 

following morning to check for the presence of inserts in the plasmids. 200)iL colony 

stocks were stored at -80° C. The QIA prep® Purification DNA protocal (1999) was 

used to isolate the plasmids. If the concentration of the plasmids was greater than 75 

ng/^L, they were then sent to the Biotechnology Core Facility at TTU for sequencing. 

If the concentration of the plasmids was less than 75 ng/^iL, than there was a further 

attempt to increase the concentration by ethanol precipitation. This sequence data was 

then used for primer development. Thus primers were then designed which contained 

complementary sequences that flanked the microsatellite DNA repeat-containing loci. 

The next goal to the construction of the microsatellite library was to optimize reaction 

conditions and to determine which new sets of specifically designed primers work best. 

Because there was no known set of primers for this species, this following step has taken 

the longest time to complete (over two years) and the conditions for several more primers 

are still under the process of optiminzing the conditions. The set of conditions to 

optimize these novel set of primers was necessary in order for them to flank the regions 

of the microsatellite region of interest. The presence of these primers allowed for the 

amplification of the entire sequence that located between the microsatellites to be 

amplified. By assessing the level of variation among polymorphic alleles of the toad's 

10 
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DNA, we will be able to estimate the level of genetic differentiation within the species. 

The diversity between croplands and grassland playas will then be compared, which will 

allow for the analyses of migration and gene flow between the playas. The final stages of 

this project consisted of testing the microsatellites for polymorphism which will 

ultimately help us to characterize levels of genetic diversity within the populations of 

these toads. Observed and predicted levels of heterozygosity were determined using the 

program Arlequin which fiirther helped to statistically analyze the generated data. 

Lengths of amplified fragments (Table 1) were determined using an ABI 310 Genetic 

Analyzer (Perkin-Elmer, Ann Arbor, MI) and the size standard Gensize Tamra 500. 

Allele sizes were analyzed using the software package Genemapper ver. 3.0 (Perkin-

Elmer, Aim Arbor, MI) and verified by eye. Heterozygosity values for all loci (Table 1) 

were determined using the software package ARLEQUIN ver. 2.0 (Schneider et al. 

2000). Genotypic linkage disequilibrium and Hardy-Weinberg expectations were tested 

using the software Genepop v. 3.3 (Raymond and Rousset 1995). 

VII. RESULTS AND DATA ANALYSIS 

Five microsatellite primer pairs (IDDD, ICCC, IHHH, IKK, and lYY) were sent to the 

Biotechnology Core Facility Center of Texas Tech University where a 310 ABI 

sequencer was used to size the microsatellite alleles by comparing them to the size 

standard Gensize Tamra 500 ladder. The labeled primers were each fluorescently tagged 

with Big Dyes (phosphoramidites). Two unlabeled primers (HDD and IILL) were sent to 

11 
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the Genomic Core Lab Facility at Texas Tech University where a REVEAL Mutation 

Discovery System was used to detect the differences in allele sizes based on the detection 

of ethidium bromide intercalated in the DNA. Specific allele sizes for the seven 

microsatellite loci for B. cognatus were calculated using a demo version of ABI PRISM 

GeneMapperT"^ 3.0 Software program (2002). Genotypic differentiation based on a step

wise mutation model was then tested among all individuals of populations for all loci 

using Arlequin v2.00 (Schneider et al., 2000), a program that analyzes of molecular 

variance (AMOVA) to determine how genetic variation is partitioned within and among 

populations. AMOVA was performed under the null hypothesis of random mating 

among all populations. 

Measures of genetic distance, frequency of alleles, and estimates of F^T and RST were 

performed. The Rst equivalent distance measures, which is based on the squared 

differences in mean allele sizes averaged over all loci and is generally used for measures 

of genetic distance in microsatellites (Davis 2002). Rgj values provide relatively 

unbiased estimates of migration rates in microsatellites, while Fst tends to overestimate 

too much population similarity. These two measures differ in taking into account the 

differences in mutation processes at microsatellite loci. Rst takes into account size 

differences between alleles and fits linearity with time better than distances measures 

since microsatellite DNA follows a strict stepwise mutation model (SMM) while Fst does 

not. Despite these differences, F-statistics can be thought of as a measure of the 

correlation of alleles within individuals related to inbreeding coefficients and are also 

valuable in estimating diversity. 

12 
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The five loci described in this report were found to be highly polymorphic with numbers 

of alleles (Table 1) ranging from a high of 51 (IDDD) to a low of 20 (IKK). In several 

instances observed heterozygosity (Ho) values were lower than expected heterozygosity 

values (HE) and in one instance (IKK) Ho exceeded HE. All loci deviated significantiy 

from Hardy-Weinberg equilibrium expectations. This deviation is most likely explained 

by bottlenecks in these populations due to inbreeding or the presence of null alleles. All 

of these populations inhabit playas that may become intermittent in times of exfreme 

drought, possibly isolating individuals and leading to low amounts of movement and few 

founder events. Following a Bonferonni correction two loci (IDDD and IKK) were found 

to have a highly significant linkage disequilibrium test, all other loci comparisons were 

not significant. This may be fiirther evidence of inbreeding and/or population bottlenecks 

within these toads. As these are the first microsatellite loci isolated and characterized 

from this species, they will be important in fiiture ecological and environmental studies of 

B. cognatus. 

RESULTS 
Microsatellite diversity 

In general, the five studied microsatellite loci were considered to be moderate to highly 

polymorphic with 20-51 alleles per locus, and can therefore be considered as usefiil 

markers for genotypic identification (Table 2). These five microsatellite markers 

displayed a high heterozygosity (.558-.994). Marker IDDD displayed especially high 

variation, which can be correlated with the allele size around 200 bp. Expected 

heterozygosity values were on average higher than the observed heterozygosity values. 

Heterozygosity values that deviate from expected values may be due to several reasons. 

13 
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First, it may indicate the presence of overdominant selection or that the occurrence of 

inbreeding may be common in the population. Second, 'null alleles' may be present 

leading to a false observation of excess homozygotes caused by a mutation in the primer 

binding site leading to an allele not amplifying (Callen et al. 1993). In the data base, all 

five loci displayed exfremely high gene diversity measures (.898 - .999) indicating that 

these markers are all rapidly evolving, which may indicate that anthropogenics is not 

influencing the playa toad populations. Measures of genetic differentiation (FST ̂ ^^ ^ST) 

are currently being estimated which will fiirther provide data on whether or not 

anthropogenic disturbances are influencing the genetic variation of these toads. 

VIII. COMMON OBSTACLES CONFRONTED IN THE CONSTRUCTION 
OF A MICROSATELLITE LIBRARY 

Throughout the course of performing this research project there were some obstacles that 

are common to the construction of a microsatellite library and that interfered with the 

timely completion of the development procedures. One anticipated obstacle was the time 

that was hypothesized would take us to design and optimize new sets of primers for the 

toad Bufo cognatus. Optimizing an entire set of new primers is difficult because one is 

forced to randomly "shoot in the dark" for a place to start when determining the optimal 

MgCh concenfration and the optimal annealing temperature in PCR during amplification 

since no known set of primers of this species exists. It was first estimated it would take 

approximately six months to optimize the conditions for these primers, but ended up 

taking up nearly three years. Also, the construction of a microsatellite library is not an 

easy task. The relatively large size of amphibian genomes and the large amount of 

14 
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heterochromatic DNA present in anurans make screening a much more difficult task than 

in many other vertebrates such as mammals. 

Other possible problems that were associated with this research project was the 

interpretation of sequenced DNA. There were times where the sequences appeared with 

multiple overlying fraces (not always throughout the entire sequence). Sequence data 

may begin to show multiple overlapping traces after a point in the sequence, although the 

sequencing signal remains sfrong. This problem may be a cause of a contaminated DNA 

sample, though the contaminated prep will typically show overlapping fraces 

immediately after the insert-cloning site. Also, contaminated plasmid DNA preparation 

can lead to overlapping peaks in the sequence data. Sequence data may appear clear out 

to the end of the insert-cloning site, at which point, peaks underneath other peaks can 

often be seen. In the worst case, the peaks will obscure each other, making the entire 

sequence unreadable. One possible cause for this problem is picking more than one clone 

for a single plasmid preparation, or picking a single colony that contains two or more 

plasmids, each with different inserts. These problems were avoided in this research 

project by meticulously analyzing the sequences and repeating sample runs for accuracy. 

IX. FUTURE PLANS 

In this thesis, I have provided a description of my research project which include: an 

infroduction to the problem of my research, the purpose, and the significance of my 

research, methodology, and the proposed evaluation of my data. I am now in the final 

stages of trying to optimize the conditions for one more primer to acquire fiirther data 

15 
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that will sfrengthen our results. My research findings have already been published in 

Molecular Ecology. The title of the journal article is "Five Polymorphic Microsatellite 

Markers for the Great Plains Toad, Bufo cognatus " and was published in March of 2004. 

I was first author on this paper. This paper further discusses the characterization of the 

five polymorphic markers that were designed to study the genetic diversity ofB. 

cognatus. The article also includes the findings of the number of the variable loci, 

observed heterozygosity values, expected heterozygosity values, annealing temperature, 

and number of individuals whose frequency in alleles was able to be determined with 

given PCR conditions. Currently, there is one more possible publication that could be 

derived from the results of this project. Our lab has already started working on a second 

paper that will analyze the genetic diversity indices for each population, look at gene 

flow patterns, and determine whether or not anthropogenics affects the genetic diversity 

of 5. cognatus. I have also presented my project at several international conferences 

throughout the year, at Research Days at Texas Tech University Symposium, (organized 

by the Howard Hughes Medical Institute Program) and at graduate student workshops. 

16 



Table 1 Characterization of five Bufo cognatus microsatellite loci. 
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Locus Repeat Primer sequences TA 
motif (5' to 3') (°C) 

F - forward, R - reverse (labeled) 

MgClz Allele No. of Ho HE GenBank 
(mM) Size Alleles Acession 

(bp) No. 

IDDD 

IHHH 

lYY 

ICCC 

IKK 

(AC)16 

(AC)11 

(GT)17 

(CA)2A(CA)9 

(AC) 16 

F - CCAAATATCCCCAACTTTTTG 
R - AATGAACAGCGATTTTGTGTG 56 

F - TCTGCTGAATCTGTTTTGAGAAAC 
R - TTCTCTATTTGC AACTGC ATCC 60 

F - GGCGATTACTCACCAGTTGTCC 
R-TAAGGAACCTTCCCGGACAC 60 

F-GTGACAGCGACCGGTAAAA 
R - CTCC AAG AAG ACCCC AAAAG 5 7 

F - GCCCAGGGGTTGTATACTCA 
R - TCCCAAAAATGTCAGGGGTA 60 

2.0 200 51 0.56 0.95 AY338402 

2.0 162 33 0.84 0.94 AY338403 

0.5 187 24 0.90 0.90 AY338400 

I.O 194 22 0.79 0.90 AY338401 

2.0 112 20 0.89 0.85 AY338399 

TA - optimized amiealing termperature 
Ho -Observed heterozygosity 
HE - Expected heterozygosity 

17 
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