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“Serpentinomics”—An Emerging New Field of Study

Jessica W. Wright1 and Eric von Wettberg2

Abstract - “Serpentinomics” is an emerging field of study which has the potential 
to greatly advance our understanding of serpentine ecology. Several newly devel-
oping –omic fields, often using high-throughput tools developed for molecular 
biology, will advance the field of serpentine ecology, or, “serpentinomics.” Using 
tools from the fields of ionomics, metabolomics, proteomics, transcriptomics and 
genomics, researchers will be able to address new (and old) ecological questions 
in powerful and creative ways. In particular, “serpentinomics” has the potential to 
uncover the mechanistic and genetic basis of the complexities of tolerance of and 
adaptation to serpentine soils, including the biochemistry of hyperaccumulation. 
Here we outline each of these –omic fields and describe possible applications to the 
field of serpentine ecology.

Introduction

 In a time of an ever-growing number of –omic fi elds of study, we offer one 
more term for consideration: “Serpentinomics.” Loosely, we defi ne this fi eld 
of study as the application of any of the –omic techniques and technologies 
to further the study of organisms occurring on serpentine soils. In general, 
a fi eld described by the suffi x –omic is defi ned as the study encompassing 
information from the entire fi eld, often accomplished by applying high-
throughput tools developed for molecular biology. For example, genomics is 
the study of the full sequence of DNA, or the genome, of an organism. There 
are many –omic fi elds, each of which can advance the fi eld of serpentine ecol-
ogy, or, “serpentinomics.” While “serpentinomics” is an ever-growing fi eld, 
we suggest that serpentinophiles should consider some of the new and devel-
oping tools available in many of these –omic study areas. Here we discuss the 
primary –omic fi elds and highlight some of the questions relevant to the study 
of serpentine ecology they could be used to address. 
 Rather than present a comprehensive review of each of the –omic fi elds, 
our hope is to inspire some new thinking among serpentine ecologists, 
and provide the necessary references to begin to pursue those ideas. High-
throughput technologies used for –omics have the potential to illuminate 
the mechanistic and genetic basis of complex ecological traits, such as 
tolerance of serpentine soils, in ways previously unimaginable. Because of 
the cost and computational intensity required to implement many –omics 
technologies, the use of –omics technology in research will differ from that 
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traditionally used in much of ecology and evolution. The actual instruments 
used in many –omics fi elds are well beyond the means of single labora-
tory groups, if not entire biological science departments; however, many of 
them are available through research centers such as genomics core facili-
ties. These are often run on a very affordable per sample basis. As a result, 
many of the –omics fi elds we review here are (or soon will be) accessible to 
ecologists, who can simply submit samples, often with minimal preparation, 
to a core facility for analysis. The resulting data can come in fi les with mil-
lions of lines of data, resulting in the need for substantial data analysis. This 
analysis frequently requires computing power well beyond that of a stan-
dard desktop computer. However, many of the analytical issues will seem 
simple to most ecologists, as ecological experiments tend to have much more 
complex experimental designs than most –omic ones. Moreover, many core 
facilities offer computing resources for initial processing of –omic data, and 
free open-source software resources exist within the R-based bioconductor 
project (www.Bioconductor.org and www.R-project.org) to handle much of 
the fi nal analysis. Our hope is to encourage greater numbers of serpentine 
ecologists to explore emerging –omics technologies, through technological 
outsourcing and creative collaborations beyond the traditional bounds of 
ecology. “Serpentinomics” is an opportunity to revolutionize the questions 
posed about serpentine ecological systems.
 The current list of –omic fi elds is long and ever-growing. Here we touch 
upon ones with a focus ranging from the smallest molecules to the larger 
ones to messenger RNA to the DNA genome itself: ionomics, metabolomics, 
proteomics, transcriptomics, and genomics (see glossary for defi nitions of 
terms used).

Ionomics

 Ionomics is the study of the ions found in plant tissue (i.e., N, P, K, Ca, 
Mg)—the mineral nutrients and trace elements. A key feature of ionomics 
that separates it from standard nutrient analysis is the concept that it simul-
taneously encompasses all of the ions found in a plant tissue. Ionomics uses 
advanced technologies such as mass spectrometry (MS) to evaluate levels of 
each plant nutrient and metal at the same time. The fi eld has been recently re-
viewed (Salt et al. 2008). In general, ionomic studies focus on relative rather 
than absolute levels of plant nutrients. There are important issues regarding 
the amount and kind of tissue sampled (compared samples need to be the 
same size). There are also a range of technologies that can be used, each with 
a range of costs and availabilities; however, in general, an ionomic screen 
is a comparatively cheap undertaking. Moreover, no previous knowledge of 
the ionome (or the genome) of the study organism is needed because data 
are comparative, so the ionome of plants growing on serpentine soils could 
be compared to that of plants growing on non-serpentine soils without any 
need for other data.
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 Ionomics will be familiar to most serpentine ecologists as it has been a 
part of understanding the serpentine syndrome for some time (e.g., Main 
1981; see Brooks 1987 for a review). However, these studies generally have 
focused on only a small number of ions at a time, rather than the entire ion-
ome. By expanding the number of ions under examination at any given time, a 
complete picture of the cellular response to serpentine may be reached. There 
may be unexpected responses to serpentine soils in other ions not previously 
studied, or dynamics among multiple ions that would be missed by focusing 
on a single ion. For example, this approach may allow us to understand the 
differential effects on plant physiology by different outcroppings of serpen-
tine, such as variation in heavy metal levels, Ca and Mg absolute and relative 
levels, and N and P availability. Furthermore, an ionomic approach can show 
whether uptake or exclusion of one toxic ion (e.g., Ni or Cr) depends on 
another more abundant ion which may itself vary within and between serpen-
tine outcroppings (e.g., Fe or K) (see Jaffre and Boyd, this issue). Answers to 
these sorts of questions are essential to understanding the mechanistic basis 
of serpentine tolerance, and how it varies between plant species. In addition, 
new technologies allow for the highly specifi c isolation of nutrients and met-
als from specifi c tissues (e.g.,  trichomes; Salt et al. 2008). This isolation can 
make possible very specifi c analyses of the roots vs shoots vs leaves vs even 
trichomes on leaves. Moreover, these techniques are often high-throughput, 
which allows for a large number of samples to be analyzed at the same time. 
Therefore, a fully-replicated greenhouse experiment comparing the ionome 
of plants growing on and off of serpentine soils (perhaps under different nu-
trient regimes) could yield fruitful information on the changes in the ionic 
composition of plants under different soil conditions.

Metabolomics

 Metabolomics is the study of all of the detectable metabolites found in a 
specifi c tissue. Thus, while ionomics is the study of ions found in tissues, me-
tabolomics is the study of the small molecules. It is a growing fi eld that uses 
high-tech detection techniques such as integrated gas chromatography-mass 
spectrometry (GC-MS), integrated liquid chromatography-MS (LC-MS), 
and high pressure liquid chromatography (HPLC). GC-MS is the most 
widely used technique for smaller molecules, often primary metabolites, 
while LC-MS and HPLC are more widely used for larger molecules, such as 
many secondary metabolites. However, because of the large number of plant 
metabolites, it is impossible to sample all of the metabolites in a tissue at a 
given time. Most studies focus on the ones that can be detected using com-
monly available techniques. There have been a number of recent reviews of 
the fi eld of metabolomics (Allwood et al. 2008, Hall 2006, Schauer and Fer-
nie 2006). In addition, a number of metabolomic analysis centers have been 
established globally, and, in general, technicians at those centers can work 
with serpentine ecologists to determine the best approaches available for 
their particular research system. Data analysis can be complex, as each assay 
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can yield thousands of data points. However, much work has been done to 
develop analytical techniques for extracting as much information as possible 
from these large data sets (Steinfath et al. 2008, Zou and Tolstikov 2008).
 Metabolomics is a powerful tool that could help drive understanding of 
the changes in plant physiology in response to serpentine soils. One of its 
key advantages is that a sequenced genome is not required to make sense 
of the data. Basically, this technique can elucidate differences in genomes 
without using any DNA. In a traditional view of genetics, genes code for 
enzymes, which work in biochemical pathways that produce metabolites. 
Metabolomics detects those metabolites, so, in theory, it is possible to trace 
backwards from observed changes in metabolite concentration to changes 
in gene expression and perhaps even in the genes themselves. Therefore, 
in study species without a sequenced genome (e.g., most of the serpentine 
fl ora), it is possible to conduct a metabolomic analysis to understand the 
mechanisms behind serpentine tolerance, or behind important traits such as 
hyperaccumulation. 
 What kind of questions in serpentine ecology can be addressed using 
metabolomics? This approach is very useful for comparisons; for example, 
how do serpentine and non-serpentine plants differ physiologically? It has 
been used to study a number of different plant stresses (reviewed in Shulaev 
et al. 2008), and interesting metabolic differences have been found between 
stress-tolerant and sensitive individuals. Given the stressful environment that 
serpentine soils create, metabolomics may help elucidate the physiological 
responses to those stresses, and perhaps even help our understanding of the 
underlying genetics of serpentine tolerance. An understanding of community 
physiological response to serpentine soils could be gained if multiple species 
are sampled simultaneously.

Proteomics

 Moving from ions to small molecules, proteomics is the study of all of 
the proteins found in plant tissues. Again the term “all” is a bit of a mis-
nomer, as isolating all of the proteins in a tissue is technologically diffi cult 
if not impossible at present. The methodology involves running the ex-
tracted proteins in a 2D gel, which allows for separation of proteins based 
on their molecular weight and their isoelectric point. These gels produce 
“spots” which can be cut out and analyzed using a MS (Huang and Xu 2008, 
Rampitsch and Srinivasan 2006). Because of the close association between 
proteins and genes, a sequenced genome is very helpful in the identifi cation 
of the proteins found in the above methods (protein sequences can be con-
verted to RNA sequences and compared using NCBI-BLAST type searches). 
Without genome sequence data, fewer proteins can be identifi ed and with 
much more effort—though a great deal of information has been learned 
from proteomic studies using species without genomic data (Rampitsch and 
Srinivasan 2006).
 Proteins are the intermediaries between genes and metabolites, and as 
such, a complete understanding of the biochemical processes involved in 
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serpentine tolerance requires an investigation into the proteins produced by 
plants tolerant to serpentine. While having genomic information is not re-
quired to complete a proteomics analysis, it is helpful for the identifi cation of 
the proteins found in the analysis, and in establishing the underlying genetics 
of each protein. 
 Proteomic studies in serpentine habitats could reveal which proteins are 
associated with serpentine tolerance. Are there different mechanisms for 
dealing with serpentine, or do all serpentine species use similar biochemi-
cal tools to grow in their unique habitat, i.e., is there a community response 
to serpentine? Do hyperaccumulators have a unique set of proteins that are 
involved in moving and sequestering heavy metals? How does the concen-
tration of those proteins change in different soil-metal environments? 

Transcriptomics

 We now move to the genetic material itself, and consider the products 
formed by transcription in the cells—primarily mRNA. Because the primary 
biochemical components of both RNA and DNA are very similar, the tools 
of transcriptomics and those of genomics are very similar. As with proteom-
ics, a sequenced genome is needed to take advantage of the full range of 
transcriptomic tools. Many model systems have excellent transcriptomic 
resources that are not currently available to researchers using non-model 
organisms, but may be soon. That said, there are several species that grow 
on serpentine that are closely related to model organisms. For example, 
Arabidposis thaliana Thal, the primary plant model system is closely related 
to A. lyrata (L.) O’Kane & Al-Shehbaz, which occurs on serpentine soils 
(Turner et al. 2008). Many of the genomic tools available for A. thaliana
are useful for the study of A. lyrata as well. As most serpentine species are 
not closely related to a model species, here we will focus on tools that are 
or soon will be available for the study of the ecology of non-model systems: 
cDNA-AFLPs, mRNA microarrays, and next-generation sequencing.

cDNA-AFLPs
 The earliest developed approach for identifying expressed genes of inter-
est for non-model systems was cDNA-AFLP (Ouborg and Vriezen 2007). 
Currently this approach remains a viable technique for many non-model 
organisms, although emerging next-generation sequencing technologies 
should replace both cDNA-AFLPs and microarrays (discussed below). In 
cDNA-AFLP, a basic AFLP protocol (Vos et al. 1995) is applied to cDNA- 
double-stranded DNA that is synthesized in the lab from mRNA. Most 
cDNA-AFLP fragments will show little variation between two samples 
(mRNAs for basic housekeeping genes that are expressed in all plants will 
not show soil-specifi c variation in expression). However, mRNAs that are 
associated with serpentine tolerance might show different levels of expres-
sion in different soil environments, and that will be refl ected in different 
frequencies of cDNA-AFLPs. These interesting cDNA-AFLP fragments can 
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be sequenced and then studied using complementary tools—for example, 
by creating a microarray of these sequences, or using qRT-PCR to quantify 
expression levels in different individuals. Using these techniques, genes 
responsible for serpentine tolerance and metal hyperaccumulation can be 
identifi ed and studied across serpentine habitats. Although this technique 
has worked well and remains one of the easiest techniques to implement in a 
non-model organism, it has several shortcomings: one will not fi nd cDNAs 
which lack the restriction enzyme site, nor can the technique distinguish 
distinct cDNAs with fragments cut to the same size (fragments of the same 
size will run together and be indistinguishable), one cannot use it alone to 
quantify expression-level differences (qRT-PCR is required to do this), and  
it has limited ability to fi nd genes with very low expression level. 

mRNA microarrays
 The most widely used tool of transcriptomics is currently the mRNA mi-
croarray. A microarray consists of bits of cDNA attached or “spotted” onto 
a piece of glass or silica. In commonly used mRNA microarrays, nucleotide 
probes of 25 to70 base pairs representing as many genes as possible from 
the organism of interest are affi xed to the microarray. A cDNA sample that is 
fragmented with a restriction enzyme and labeled with a fl uorescent marker 
can then be hybridized to the array. A laser reads the array at each probe; 
expression of the gene represented by the probe is in proportion to the inten-
sity read by the laser. As a hypothetical example, cDNA could be synthesized 
from mRNA collected from two plant samples, one growing in serpentine 
soils, and one growing in non-serpentine soils. Genes that are expressed dif-
ferentially between serpentine and non-serpentine plants will show different 
patterns of hybridization.
 Two types of mRNA microarrays are currently in widespread use: the 
silica, short-oligo, single channel microarrays widely sold by Affymetrix 
(http://www.affymetrix.com), and glass-based, long-oligo, two-channel col-
ored microarrays. These two types of arrays differ substantially in how they 
are constructed, the cost of production, how they are processed and analyzed, 
and the sorts of organisms for which they can be obtained. Ultimately, due to 
the statistical concerns and the substantial rates of technical errors and arti-
facts, arrays have to be used as a method to fi nd potential candidate genes, 
rather than verify them. Verifi cation of expression differences requires more 
precise techniques such as qRT-PCR. The power to detect expression, or 
expression differences, of genes with low but essential expression, such as 
many transcription factors, will always be limited with microarrays. 
 Two-channel arrays may be the best option in non-model systems. In 
two-channel arrays, two samples labeled with red or green dye are hybrid-
ized together to the array. For each of the approximately 70 base-pair long 
nucleotide probes on the array, a color score will be given, determining 
which sample has higher expression of the gene to which the probe cor-
responds. Two-channel microarrays can be constructed using anonymous 
cDNAs (Kammenga et al. 2007) collected from the focal organism, without 
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prior knowledge of genome sequence information. Once the hybridization 
is complete, any cDNAs on the array that are of interest can be individually 
sequenced and compared to databases of known sequences. Although this 
will not get expression information about all genes, it can allow researchers 
to narrow their interests to likely candidate genes.

Next-generation sequencing
 Emerging sequencing technologies, sometimes called next-generation 
sequencing, or resequencing, such as 454 from Roche (http://www.roche.
com), Solexa Genome Analyzer from Illumina (http://www.illumina.com/), 
and SOLiD ™ from ABI (http://www3.appliedbiosystems.com), have the 
potential to revolutionize the kinds of approaches we take to transcriptomes. 
They are already being used in some non-model organisms, such as Melitaea 
cinxia L. (Glanville Fritillary Butterfl ies; Lepidoptera: Nymphalidae) (El-
legren 2008, Vera et al 2008). All of these technologies generate hundreds 
of thousands to billions of relatively short sequence reads from a sample in a 
few days time. Using cDNA (made from extracted mRNA), a transcriptome 
will be sequenced. This development is an important step forward from ex-
isting technologies, as the transcriptome is both sequenced and assessed for 
expression levels of individual genes simultaneously. In these approaches, 
expression level is not the intensity of a band on an acrylimide gel as in 
cDNA-AFLPs, or the hybridization intensity of a labeled sample to a par-
ticular probe on a microarray, but an actual count of the number of times a 
particular gene product is sequenced in the entire sample of sequences. This 
is a huge step forward in terms of accuracy and power to detect low abun-
dance transcripts. To date, these technologies appear to have extremely low 
rates of technical error, making comparison between samples much easier 
than with other methods.
 Currently, the main problems with these technologies are cost, the lack 
of machines, and inadequate tools for analysis. Costs per sample range 
from thousands to tens of thousands of dollars, depending on the particular 
technology, the facility used, the size of the transcriptome, and the cost of 
processing samples. Money can be saved if mRNA libraries are made by 
the researcher, using manufacturer kits, rather than having the facilities 
prepare those libraries. With adequate funding, all the serpentine ecologist 
needs to do is extract mRNA from the desired tissue and submit it to their 
local genomics core facility for analysis. Moreover, these costs can be ex-
pected to fall, as more machines come into service and the technology and 
chemistry underlying these approaches is optimized. Although open-source 
computation tools for analysis are not currently well developed, discussion 
among developers on the bioconductor webite (www.bioconductor.org) sug-
gests that such tools will soon be available. Given the size of datasets, many 
researchers may fi nd their current computing resources inadequate. Many 
facilities, however, offer a range of analysis services, and can do more in 
some cases through collaborative agreements. The actual analyses involved 
are not highly complex compared to most ecological experiments, but with 



Northeastern Naturalist Vol. 16, Special Issue 5292   

millions of reads per sample, the computational intensity of sorting through 
all the data is the challenge. Given the interest in transcriptomics for a range 
of research applications, more machines, facilities, and analysis tools can 
be expected in the coming years. When these tools are available, determin-
ing the nature of gene expression for any serpentine organism growing in 
any type of serpentine soil will be possible; we will be able to compare ex-
pression between serpentine and non-serpentine lineages and to determine 
expression patterns in response to particular aspects of serpentine soils. 
Once that is possible, then gene expression can be compared in different tis-
sues by extracting mRNA from roots or shoots.

Epigenetics
 There is more to the transcriptome than just mRNAs, and much is be-
ing learned about other types of RNAs and the regulation of translation and 
epigenetic effects through the use of transcriptomic and genomic tools. 
Whole-genome tiling arrays (Yazaki et al. 2007), which cover non-coding as 
well as coding regions, can be used to determine sequence differences between 
individuals or populations (appropriate for genomics), as well as for determin-
ing the methylation status of particular genes and for fi nding promoter regions 
(important for understanding gene regulation and epigenetics). As aspects 
of the “serpentine syndrome” may be epigenetically inherited as DNA pack-
ing rather than sequence variation (Bossdorf et al. 2008), being able to assess 
methylation status and other epigenetic modifi cations could be an interesting 
avenue of serpentine research. Understanding the regulatory mechanisms 
behind genes implicated in responses to serpentine soils could be a fi rst step 
towards breeding plants for phytoremediation.

Genomics

 Transcriptomic tools provide serpentine ecologists an exciting oppor-
tunity to explore the underlying genetics of serpentine tolerance and metal 
hyperaccumulation, even in species where a fully sequenced genome is not 
currently available. However, advances in genomics are happening fast, and 
obtaining a fully sequenced genome for any study organism will soon not be 
out of reach. The use of genomic tools for the study of ecology generally has 
been termed ecogenomics, and there have been a number of recent reviews 
(Kammenga et al. 2007, Ouborg and Vriezen 2007).
 With traditional Sanger sequencing, it cost about $300 million and near-
ly four years to sequence a single human genome. Emerging technologies 
are reducing the cost and time towards a thousand dollars and a few days 
of sequencing. This is a rapidly changing field, most recently reviewed in 
Shendure and Ji (2008) and von Bubnoff (2008), though even these papers 
are likely to be out of date before ours goes to press. The quest for low-
cost genome sequencing has helped spur a plethora of new resequencing 
technologies, all of which have the ability to generate massive amounts 
of sequence data in short amounts of time. No technology can currently 
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generate a genome for $1000, but several technologies have considerable 
promise, and are less than an order of magnitude away. The three tech-
nologies currently available mentioned earlier—454 from Roche, Solexa 
Genome Analyzer from Illumina, and SOLiD™ from ABI—all generate 
hundreds of thousands to billions of short sequence reads in a few days 
(Shendure and Ji 2008). To take the sequence information and turn it into 
a genome, each individual short sequence read has to be assembled into a 
position in a draft genome. In model organisms or their close relatives, this 
can be done by aligning each read to the existing genome. In non-model 
organisms, this can be done by assembling the reads to each other. This 
approach is computationally intense, but, it can work for any organism so 
long as read lengths are sufficiently long, duplicated sections are not too 
high in number, and a sufficient number of runs are used to give complete 
coverage of the genome. For the largest genomes, like pines, a sample may 
need to be read several times to get the number of reads necessary to cover 
the entire genome. Consequently, the only delay in having a genome for 
any organism of interest is cost, which will fall in time from tens of thou-
sands dollars currently to something more within the reach of small labs.
 These technological developments obviously open up a new era not 
only for serpentine ecology, but for all of the life sciences—an era of 
population and community genomics for any organism. The reasonable 
costs of these technologies will allow us to make genomic comparisons 
between lineages—be they higher taxa, species, or populations. The pow-
er of this approach to find genes linked to adaptations is unprecedented. 
Furthermore, because of the ability of this approach to elucidate histo-
ries of mutations (as single nucleotide polymorphisms [SNPS], indels, 
and copy number variations) between populations, it has the capability 
to give demographic history as well. For serpentine ecology, we will be 
able to find the unique genes in any serpentine lineage, so that we can 
assess their similarity to other serpentine or non-serpentine lineages. The 
potential this provides for understanding the genetic basis of serpentine 
adaptation is unprecedented. 

Conclusions

 “Serpentinomics” is a newly developing fi eld with an exciting future. 
Advances are being made in a suite of –omic fi elds that will allow research-
ers to address long-standing questions in serpentine ecology. What exactly 
is the “serpentine syndrome”? How many different genetic mechanisms 
are involved in adaptation to serpentine soils? What changes in plant cel-
lular chemistry are associated with tolerance to serpentine soils? What are 
the bases of potential costs of serpentine tolerance? How do communities 
respond to serpentine stresses? What are the genetic mechanisms behind 
hyperaccumulation? Are the same mechanisms used in different taxa? Can 
plants be engineered to be hyperaccumulators?
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 These emerging technologies have great promise to advance the fi eld 
of serpentine ecology. As the technical and computational requirements of 
these technologies can be accomplished through core facilities and other 
outsourcing methods, they are well within the grasp of serpentine ecologists. 
They open the door to new answers to questions new and old.
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Glossary. Defi nitions of terms used in this paper.

Ionomics - the study of the inorganic component of tissues, including the mineral 
nutrients and trace elements.

Metabolomics - the study of the small molecules of organisms, including sugars, 
lipids, amino acids, and other small molecules with known functions in primary me-
tabolism, as well as less well understood secondary metabolites.

Proteomics - the study of the proteins and large amino acids of organisms. 

Transcriptomics - the study of the RNA of organisms. Traditionally this fi eld includes 
methods to determine mRNA expression, but it encompasses other forms of RNA and 
DNA modifi cation as well.

Genomics - the study of the genetic structure and composition of organisms.

cDNA - single stranded messenger RNA (mRNA) converted in double stranded DNA 
in the lab by reverse transcription coupled with polymerase chain reaction amplifi ca-
tion.

qRT-PCR - quantitative reverse-transcription-polymerase chain reaction. This meth-
od quantifi es the amount of particular mRNA present in a sample. 

Next generation sequencing - any technology that produces vast amounts of sequence 
data in a short period of time (a week or less). It is sometimes called resequencing 
because it can be used to sequence individuals of an organism for which a completed 
genome exists.

Microarray - a glass slide or microscope slide-sized silica chip onto which short 
oligonucleotide probes representing genes of interest are affi xed. If cDNA samples 
labeled with a fl uorescent probes are hybridized to a microarray, a laser can read 
hybridization intensity, giving a qualitative assessment of expression level of thou-
sands to millions of genes or gene fragments from a single sample. If genomic DNA 
is applied to microarrays, they can be used for genotyping. This approach can either 
involve a secondary use of expression arrays, or can be done with specialized arrays 
designed to distinguish known single nucleotide polymorphisms in a model organ-
ism.


