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Using transcriptomics to test hypothesis of selection and dispersal across hybrid 
zones 
 
John D. McVay, Louisiana State University Department of Biological Sciences 
 

I am requesting money to sequence the transcriptome of three species of water 
snake (genus Nerodia) to study the hybridization that occurs among them. 
 
Background    
Recently, it has become increasingly clear that phylogeny is affected by processes 
occurring at the population level, and incorporation of our understanding of the latter into 
analysis of the former is crucial [1-3]. Understanding the origin and maintenance of 
genotypic diversity in the face of gene flow is important to understanding diversification 
and divergence. Gene flow may occur between two diverging populations, or may occur 
as a result of secondary contact between two more distantly related species. 
Hybridization, the latter mechanism, may lead to fixation of alleles (due to drift or 
selection) that have crossed species boundaries through introgression. Understanding the 
nature of this introgression and fixation becomes exceedingly important when estimating 
molecular phylogenies, as topologies of individual gene trees may be influenced by past 
introgression events, and may bias phylogenetic estimation, especially when genes are 
concatenated. Past molecular-based investigation of hybrid zone genetics has been 
conducted using both DNA sequence and fragment data, though both methods have been 
limited in scale. With the advent of “next-generation” sequencing, there is now 
opportunity to investigation hybrid zone dynamics by sampling on a genomic scale. I 
propose to investigate the population dynamics and phenotypic evolution in a hybrid zone 
where differential selection across an environmental gradient is though to maintain 
species boundaries; my approach will incorporate massively-parallel sequencing of whole 
transcriptomes. 

Within the North American snake tribe Thamnophiini (9 genera, ~65 species), 
morphological and molecular evidence has pointed to at least three instances of ongoing 
hybridization between species [4, 5], some of which occurs between non-sister species 
[6]. In at least one instance in watersnakes (genus Nerodia), hybridization occurs between 
a freshwater species (N. fasciata) and its saltwater-tolerant sister taxon, N. clarkii [7]. 
Further inland, N. fasciata is known to hybridize with a more distantly related freshwater 
congener, the Northern Water snake (N. sipedon). Evidence of hybridization (phenotypic 
intermediates) occurs throughout the contact zones, along the Gulf Coast from Texas to 
Florida and to the southern edge of the Atlantic coast in Georgia for the former species 
pair, and within a large contact zone in the Southeastern U.S. for the latter (figure 1). 
Introgression of the inland species towards is the coast is putatively limited by the 
inability to tolerate saline environments [8], however the coastal snake appears to be 
euryhaline, and may even prefer freshwater to seawater [9]. Further, the mechanisms for 
salt tolerance is this species are poorly understood (no known salt glands, no appreciable 
difference in kidney function [10]), though it may be based in olfaction or behavior [8]. 
Better understanding of the molecular underpinnings of hybridization within this species 
group may lead to a better understanding of speciation and divergence, and with it more 
robust models for phylogenetic estimation. The study of this system is particularly 



intriguing, in that it offers an 
opportunity to study related 
hybrid zones from two 
perspectives: one that 
addresses hypotheses 
concerning selection across 
an environmental gradient, 
and a “control” hybrid zone, 
where no such drastic 
gradient is known; and a 
second approach that 
compares hybrid zone 
dynamics between sister and 
non-sister pairs of species. 
 

Goals 
The goals of this project are to better understand the population dynamics in the hybrid 
zone between these three species of Nerodia, and to evaluate the possible mechanisms of 
salinity tolerance and phenotypic evolution in this group. The ancillary goal of this 
project is to develop transcriptome libraries from these three species for use in this and 
other systems. 
 
Methods 
Sample collection.—Starting at the coast of the Gulf of Mexico, I will collect individuals 
of Nerodia clarkii, N. fasciata, and N. sipedon along a longitudinal transect in Louisiana 
and southern Mississippi. This transect will cross the range boundary of all species, and 
will include areas where hybrids (based on phenotypic designation) are known to occur. I 
will initially collect a single female from each region of the transect where only one of 
the species occurs, for construction of the transcriptome library. 
Data collection.— I propose to collect whole transcriptomes from a female (the 
heterogametic sex) of N. clarkii, N. fasciata, and N. sipedon, by extracting RNA from a 
multitude of tissues (liver, kidney, integument, brain, salivary gland, Jacobson’s organ, 
heart, muscle, gut) and building a normalized cDNA library. Each species’ library will be 
sequenced individually an in-house Genome Analyzer IIX (Illumina Inc., San Diego, CA), 
using paired-end reads; the collected data will be ~10Gb per species. Stepwise validation 
of the library will be conducted with vector cloning. Following data collection, I will 
align fragments from each species separately, using Velvet [11], then these alignments 
will be secondarily aligned together. Areas of overlap will be screened for single 
nucleotide polymorphisms (SNPs) in an automated fashion, and selected SNPs will be 
used for microarray chip construction. The remaining individuals collected along the 
transect will be scored for SNPs using the microarray chip. 
Data analysis.—I will use NewHybrids [12] to assign individuals to classes of pure or 
hybrid origin based on SNP signature; these data will be compared qualitatively and 
quantitatively with body coloration and head shape, the latter has been tied to feeding 
behavior which differs between species [13, 14]. Hypotheses concerning selection on 
individual SNPs and fitness of hybrid classes will be tested using simulation approaches. 



Advancement in the assembly and annotation of the Anolis carolinensis genome may 
prove to be extremely useful in the coming months, particularly in assessment of sex-
biases in dispersal and integration across the hybrid zone. 
 
Significance 
It is anticipated that the outcome of this study will help us better understand hybrid zone 
and dispersal dynamics and the genetic basis of salt tolerance in this group of species, and 
that this knowledge can lead to insights in mechanisms of diversification and divergence 
within Thamnophiini. Additionally, we expect that an equally important outcome of this 
research is the development a vast library of genetic markers that can be used to address a 
variety of questions in this tribe, from intrapopulation- to intergeneric-level studies. The 
SNP chips technology may also prove useful in assessment of status and implementation 
of conservation techniques in populations of Nerodia clarkii and other Nerodia species 
considered to need protection [15, 16]. Ultimately, we aim to demonstrate that next-
generation sequencing technology will transform research in non-model systems, 
allowing researchers to take advantage of natural experiments for a better understanding 
of evolutionary mechanisms. 
 
Timeline 
Collection of individuals for library construction will take place in late Spring, 2010, and 
collection of individuals along the transect throughout the following Summer and Fall. 
Time will be split in the Summer between field collection and library construction; this 
can be accomplished as all field sites are no more than three hours drive from the 
laboratory. Anticipated completion date of data collection will be December 2010, and 
completion of data analyses June 2011. 
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Budget – Library construction 
 
Expense       Cost     Amount Requested from SSB 
Normalized cDNA library construction -    $950                    $950 
Paired end Sample preparation -     $980            $980 
Cluster generation -     $2875     - 
Illumina Sequencing -    $3600     - 
Total      $8405          $1930 
      
The budget above constitutes the cost of reagents and kits for cDNA library construction 
and sequencing from 3/4 of a flow cell (~30Gb). Sequencing will be performed at cost on 
an in-house Genome Analyzer®. While the total cost is significant, the amount of data 
collected in a single run is immense, and the relative cost per base pair is very low: ~3-
4Mb/dollar (~500b/dollar for conventional Sanger sequencing). I am requesting funding 
from SSB for this portion of my research, because I feel that the construction of this 
library will prove to be useful in a variety of future systematic studies. The remainder of 
the cost will be paid through other currently available funds. Funding for other portions 
of this project (field work, SNP chip construction) have been requested from other 
sources. 


