CHAPTER 14

PLANT MOLECULAR SYSTEMATICS

REVIEW QUESTIONS

1. Name the specific types of data used in studies of molecular systematics.

DNA sequences, DNA restriction sites, allozymes, microsatellites, RAPDs, and AFLPs.

2. How are samples used to acquire molecular data typically processed?

Live samples may be collected and immediately subjected to chemical processing, e.g., for allozyme analysis.

For many DNA methods, pieces of leaves (from which chloroplast, mitochondrial, and nuclear DNA can be isolated) are removed from the live plant and immediately dried, typically in a container of silica gel. 

Plant samples may be frozen or placed in concentrated extraction buffer.

Usable DNA may be successfully isolated from dried herbarium sheets. 

3. Why is collection of a voucher specimen in molecular studies essential?

It is vital to always collect a proper voucher specimen, properly mounted and accessioned in an accredited herbarium, to serve as documentation for any molecular systematic study (e.g., if the identity is in doubt, it can be checked). 

4. What does DNA sequence data refer to?

DNA sequence data basically refers to the sequence of nucleotides (adenine = A, cytosine = C, guanine = G, or thymine = T) in a particular region of the DNA of a given taxon.

5. Explain the polymerase chain reaction and its importance in molecular systematics.

This is a method of amplifying DNA sequences of interest, in order to generate many multiple copies.

a) Primers (short regions of unique and conserved DNA sequences) are identified as starting points for DNA amplification. 

b) A solution is prepared, made up of the isolated and purified DNA of a sample; multiple copies of primers; free nucleotides; DNA polymerase molecules (typically Taq polymerase, which can tolerate heat); and buffer and salts. 

c) This solution is heated to a point at which the sample DNA denatures, whereby the two strands of DNA separate from one another. 

d) Once the sample DNA denatures, the primers in solution may bind with the corresponding, complementary DNA of the sample. 

e) Following binding of the primer to the sample DNA, individual nucleotides in solution attach to the 3′ end of the primer, with the sample DNA acting as a template; DNA polymerase catalyzes this reaction. 

f) A second primer, at the opposite end of the DNA sequence of importance, is used for the complementary, denatured DNA strand. 

g) After replication, the solution is cooled to allow for annealing of the replicated DNA with the complementary DNA single strands. This is followed by heating to the point of DNA denaturation, and repeating the process. A typical PCR reaction can produce more than a million copies of DNA in a matter of hours.

6. What is a primer?

Short, conserved, flanking regions are used as a template for the synthesis of multiple, complementary copies.

7. Explain the basic process of automated DNA sequencing. What is the significance of dideoxynucleotides?

The most common sequencing technology involves a machine that reads fluorescent dyes with a laser detector. The production of dye-labeled DNA is very similar to DNA replication using the PCR. The replicated DNA is placed into solution with DNA polymerase, primers, free nucleotides, and a small concentration of synthesized compounds called dideoxynucleotidesthat are each attached to a different type of fluorescent dye. As in the polymerase chain reaction, the sample DNA is heated until the double helix unwinds and the two complementary DNA chains separate. At this point, a primer attaches to a conserved region of one of the strands of DNA, and free nucleotides in solution join to the 3′ end of the primer, using the sample DNA as a template and catalyzed by DNA polymerase. Thus, a replicated copy of the DNA strand begins to form. However, at some point a dideoxynucleotide joins to the new strand instead of a nucleotide doing so. The dideoxynucleotides (dideoxyadenine, dideoxycytosine, dideoxyguanine, and dideoxythymine) resemble the four nucleotides, except that they lack a hydroxyl group. Once a dideoxynucleotide is joined to the chain, absence of the hydroxyl group prevents the DNA polymerase from joining it to anything else. Thus, with the addition of a dideoxynucleotide, synthesis of the new DNA strand terminates. The ratio of dideoxynucleotides to nucleotides in the reaction mixture is carefully set and is such that the concentration of dideoxynucleotides is always much smaller than that of normal nucleotides. Thus, the dideoxynucleotides may terminate the new DNA strand at any point along the gene being replicated. For example, some of the new DNA strands will be the length of the primer plus one additional base (in this case the dideoxynucleotide); some will be the primer length plus two bases (a nucleotide plus the terminal dideoxynucleotide); some will be the primer length plus three bases (two nucleotides plus the terminal dideoxynucleotide); etc. There are many thousands, if not millions, of copies of the sample DNA. Thus, there will be an equivalent number of newly replicated DNA strands, of all different lengths. The final step of DNA sequencing entails subjecting the DNA strands to electrophoresis, in which the DNA is loaded onto a flat gel plate or in a thin capillary subjected to an electric current. Because the phosphate components of nucleic acids give DNA a net negative charge, the molecules are attracted to the positive pole. The DNA strands migrate through the medium over time, the amount of migration inversely proportional to the molecular weight of the strand (i.e., lighter strands migrate further). Each strand is terminated with a dideoxynucleotide to which a fluorescent dye is attached; each of the four dideoxynucleotides has a different type of fluorescent dye, which (upon excitation) emits light of a different wavelength. Thus, as the multiple copies of DNA of one particular length migrate along the gel or capillary, the wavelength of emitted light is detected and recorded as a peak, which measures the light intensity. Because a given emitted wavelength (“color”) is determined by one of the four dideoxynucleotides, the corresponding nucleotide can be inferred and its position identified by the timing of migration of the DNA strands. In this way, the sequence of nucleotides of the DNA strand can be inferred. 

8. What are the three major types of DNA used in DNA sequence (and other molecular) studies?

Nuclear (ndna), chloroplast (cpdna), and mitochondrial (mtdna).

9. In chloroplast DNA, what are the large single-copy region, small single-copy region, and inverted repeats?

The large single-copy region is a relatively long region for which there is only a single copy within a given chloroplast DNA molecule.

The small single-copy region is a relatively small region for which there is only a single copy within a given chloroplast DNA molecule.

The inverted repeat, found in most angiosperms, refers to two copies of DNA sequences in a single chloroplast DNA molecule, one of which is inverted relative to the other. These two are flanked by both the large single-copy and the small single-copy regions.

10. Name some useful chloroplast genes used in plant molecular systematics.

These include: atpB, matK, ndh, rbcL, among many others. 

In addition, numerous intergenic spacers may be used. 

11. What is the internal transcribed spacer region (ITS) and what is its efficacy in plant molecular systematics?

The ITS region contains multiple DNA copies (as opposed to single copies found in most protein-coding genes). It lies between the 18S and 26S nuclear ribosomal DNA (nrDNA) and is divided into two subregions, ITS1 and ITS2, separated by the 5.8S nrDNA. 

ITSsequence data has been most valuable for inferring phylogenetic relationships at a lower level, e.g., between closely related species.

12. How does the external transcribed spacer region (ETS) differ from ITS and what is the advantage of these data?

The ETS region lies between 26S and 18S nrDNA, adjacent to the latter (Figure 14.5B). (The entire region, including both the ETS and the nontranscribed spacer region (NTS) is known as the intergenic spacer region, or IGS. The ETS region contains even more sequence variation than ITS and is useful in analyses at lower taxonomic levels.

13. What is DNA alignment, and what are potential problems with this?

DNA alignment is the process in which homologous nucleotide positions (e.g., corresponding to the same codon position of a given gene) are arranged in corresponding columns.

For some genes that are relatively conserved, alignment is straightforward, as all taxa have the same number of nucleotides per gene. However, for other genes or DNA segments, some taxa may have one or more additions, deletions, inversions, or translocations relative to other taxa. The occurrence of these mutations, and/or the occurrence of considerable homoplasy among taxa, can make alignment of DNA sequences difficult. In addition, multiple copies of a gene can make homology assessment difficult. 

Various computer algorithms can be used to automatically align sequences of the taxa being studied, but these have assumptions that must be carefully assessed. 

14. In general, what are the characters and character states for DNA sequence data?

Generally, in using DNA sequence data in a phylogenetic analysis, a character is equivalent to the nucleotide position, and a character state of that character is the specific nucleotide at that position. 

15. Name the ways that DNA sequence data may be weighted in a cladistic analysis.

A major addition, deletion, inversion, or translocation can in itself be identified as an evolutionary novelty (apomorphy), used in grouping lineages together. Chromosomal mutations such as these may be coded separately from single base differences and may be given relatively greater weight in inferring relationships.

Other types of weighting schemes include weighting by codon position, weighting transversions relative to transitions, using an evolutionary model. 

16. What factors do models of evolution take into account as used in maximum likelihood or Bayesian analyses?

Rate of base substitution, base frequency, and branch length. 

17. What is a restriction site?

A restriction site is a sequence of approximately 6–8 base pairs of DNA that binds to a given restriction enzyme. These restriction enzymes, of which there are many, have been isolated from bacteria.

18. What does restriction fragment length polymorphism (RFLP) refer to?

Restriction fragment length polymorphism, or RFLP, refers to differences between taxa in restriction sites, and therefore the lengths of fragments of DNA following cleavage with restriction enzymes.

19. How is RFLP data acquired and how is it used in a cladistic analysis?

RFLP data is acquired by digesting amplified sequences with one or more restriction enzymes and determining the length of the resultant fragments. Further work can assess the exact position of these restriction sites (mapping). 

The presence or absence of restriction sites can be used as character states of a character in a cladistic analysis.

20. What is an allozyme?

Allozymes are different molecular forms of an enzyme that correspond to different alleles of a common gene (locus).

21. How are allozyme data acquired?

Allozymes are traditionally detected using electrophoresis, in which the enzymes are extracted and placed on a medium (e.g., starch) through which an electric current runs (similar to gel electrophoresis in DNA sequencing). A given enzyme will migrate toward one pole or the other depending on its charge. Similarly, different allozymes of an enzyme will migrate differentially because they differ slightly in amino acid composition and therefore have somewhat different electrical charges. 

Allozymes subjected to electrophoresis are identified with a stain specific to that enzyme and the bands marked by their relative position on the electrophoresis medium.

22. Explain the different ways to code allozyme data in a cladistic analysis.

One way is to code each allele as a character and the presence or absence of that allele as a character state. A second way to code allozyme data is to treat the locus (corresponding to the gene coding for the enzyme) as the character and all unique combinations of alleles as character states. The number of state changes between these unique allelic combinations can be a default of one. However, another method of coding is to treat the loss of each allele as one state change and the gain of an allele as a separate state change. Step matrices are used to code these in a cladistic analysis.

23. What are microsatellites and how are these data obtained?

Microsatellites are regions of DNA that contain short (usually 2–5) repeats of nucleotides, an example being TGTGTG, in which two base pairs repeat. The regions are termed tandem repeats; if they vary within a population or species, they are called variable-number tandem repeats (VNTR). 

Microsatellites are identified by constructing primers that flank the tandem repeats and then using PCR technology. Once the primers are identified, PCR can be used to quickly generate multiple copies of the tandem repeat DNA, the length of which (for a given individual at a given locus or allele) can be determined by gel electrophoresis.

24. What are random amplified polymorphic DNAs (RAPDs) and how are these data obtained?

RAPD refers to using randomly generated primers for the amplification of DNA to identify polymorphic DNA regions of different individuals or taxa.
Randomly generated primers anneal to complementary regions located in various locations of isolated DNA. If another complementary site is present on the opposing DNA strand at a distance that is not too great (i.e., within the limits of PCR), then the reaction will amplify this region of DNA. Because many sections of DNA complementary to the primer may occur, the PCR reaction will result in DNA strands of many different lengths, which can be size separated by electrophoresis. Because even closely related individuals may show some sequence variation that could determine potential primer sites, these different individuals will show different amplification products.

25. Describe the technique for generating amplified fragment length polymorphisms (AFLPs), citing how this differs from that of generating RFLPs.

This method is similar to that of identifying RFLPs in that a restriction enzyme is used to cut DNA into numerous, smaller pieces, each of which (because of the action of the restriction enzymes) terminates in a characteristic nucleotide sequence. However, the numerous, cut DNA fragments are then modified by binding to each end (using DNA ligase) a synthesized, double-stranded piece of DNA, known as a primer adapter. The primer adapters are designed to insert at the cut ends (corresponding to the complementary sequences of the restriction enzymes). Primers are then constructed that bind to the primer adapters and amplify the DNA fragments using a polymerase chain reaction (Figure 14.15D). Electrophoresis separates the amplified DNA fragments that exhibit length polymorphism (hence, AFLP), enabling the recognition of numerous genetic markers.

AFLP data are more experimentally replicable than are RAPD data and can be used to identify genetic differences among individuals using large pieces of DNA. AFLP has one disadvantage in that so many fragments may be generated that it is hard to distinguish them on an electrophoretic gel. However, a slight modification of the primers used may limit the number of fragments that are amplified, enabling them to be more easily identified. AFLP is largely used for population genetics studies, but has been used in studies of closely related species and even, in some cases, for higher-level, cladistic analyses.

