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Molecular technologies for 
biodiversity evaluation: 
Opportunities and challenges 
New technologies for detecting variation in DNA complement 
traditional methods in biodiversity. 
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Better information on the degree and distri­
bution of genetic variation is essential for 
developing more efficient ways of evaluating 
and conserving biodiversity. At present, an 
array of molecular techniques is available to 
detect diversity at the DNA level', but the 
application of these techniques-so that they 
provide useful information and not simply 
data-depends critically on the analysis 
method employed (see "Analytical tools for 
molecular data"). In general, questions of 
genetic diversity can be addressed at the 
species, population, and within-population 
levels'. 

The species level 
The identification of taxonomic units and the 
determination of the uniqueness of species is 
essential information for conservation. Ques­
tions at this level include: Does a particular 
isolate represent a species, subspecies, or 
race? Is it a hybrid? If it is a species, how 
unique is it? Molecular techniques are poten­
tially relevant to all these questions. They can 
provide information that helps in defining 
the distinctiveness of species and their rank-
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ing according to the number of close relatives 
and their phylogenetic position'. Molecular 
markers also have much to offer to the reso­
lution of problems concerning hybridization 
and polyploidy. Sequence data provide the 
most accurate information for questions of 
this type, as sequences are the only molecular 
markers that contain a record of their own 
history. In addition to revealing the group­
ings of individuals into 
different classes, appro-
priate analyses based on 
sequence data (or 
restriction site data) can 
provide hypotheses on ~ 

the evolutionary rela- ~ 
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dence and mode of inheritance, and that 
sample sizes are large enough•. But in many 
biodiversity studies this is not possible due to 
sampling problems or financial and time 
constraints. Sequence tagged microsatellites 
(STMS) and minisatellites, in contrast, con­
stitute a single locus with (usually) many dif­
ferent, codominant alleles. Identity and 
assignment of alleles is thus not a problem. 

sequence (gene) in ques­
tion, which may be sepa­
rate from that of the 
organism carrying it. A 
straightforward, but 
time-consuming way to 

Figure 1. Automated single sequence repeat (SSR) 
genotyping allows rapid DNA fingerprinting of 
organisms. Such markers are highly informative for 
characterizing plant and animal genetic resources. 

avoid this difficulty 
would be to collect information on the 
genealogies of many independent sequences. 
Fortunately, studies so far suggest that data 
from mitochondrial (mt) DNA analysis, and 
1-2 nuclear sequences from critical taxa, may 
suffice, as most species comparisons reveal 
quite high levels of divergence. 

Although arbitrary, semiarbitrary, and 
other multilocus profiling techniques have 
been (and are) used to provide information 
for answering questions at the species level, 
we would argue strongly against this because 
of data limitations in allelic assignment, 
dominance and homology. In principle, 
these limitations are not insurmountable, 
provided that sufficient preliminary pedigree 
analysis is carried out to determine indepen-

Their high mutation rate does mean, howev­
er, that the accuracy with which true homol­
ogy can be inferred for different genotypes 
becomes questionable over large genetic dis­
tances because of the increasing possibility of 
homoplasy. Although the presence or 
absence of a given STMS locus can be used as 
phylogenetic information, it is otherwise dif­
ficult to envisage the use of STMS in the 
reconstruction of phylogenies. 

The population level 
Below the species level, we are concerned 
with identifying how many different classes 
are present, determining the genetic similari­
ties among the classes and their evolutionary 
relationships with wild relatives, and identi-
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fying specific traits of interest. Much ex situ 
conservation, germplasm and breeding line 
management involves questions of this kind. 

A variable number of tandem repeats 
(VNTR) fingerprints, amplified fragment 
length polymorphisms (AFLPs), and all arbi­
trary primed approaches [RAPDs, ISSR, 
DAMD, etc; see "Lexicon of molecular mark­
er technologies"] produce multilocus profiles 
that are good for distinguishing between 
closely related genotypes. Their major appli­
cations are thus in establishing identities, 
determining parentage, fingerprinting geno­
types, and in distinguishing genotypes below 
the species level. The difficulty of achieving 
robust profiles in arbitrary primed approach­
es such as RAPD does, however, make their 
reliability for "typing/fingerprinting" ques­
tionable. For the same reasons, band profiles 
are problematic for use in databases. 

Questions concerning how many different 
classes are present and the estimation of 
genetic distances between them could, in 
principle, be tackled using any of the molecu­
lar techniques outlined in "Lexicon of molec­
ular marker technologies:' The choice will 
depend upon such factors as the anticipated 
level of polymorphism ( e.g., where diversity is 
low, highly polymorphic markers are 
required, whereas the choice is wider for more 
diverse material) and the operational and 
financial resources available ( e.g., RAPDs are 
less resource intensive than AFLPs). Caution 
should always be exercised, however, if infor­
mation on the distribution of the markers is 
not known. Estimates of genetic distance 
between individuals (similarity or distance) 
may be affected by several factors: First, the 
number of markers used; second, the distrib­
ution of markers in the genome; and third, 
the nature of the evolutionary mechanisms 
underlying the variation measured. 

Genome coverage is expected to affect the 
variance only in the presence of linkage dise-
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quilibrium, in which case 
equally spaced markers will 
give a better estimate than 
randomly distributed ones. 
In the case oflinkage equi­
librium, marker distribu­
tion is less important. This 
is true for most natural 
populations of outcrossing 
organisms (animals, trees, 
etc.), but may not be the 
case for selfing species, or 
those under strong selec­
tive pressure because of 
breeding. Further caution 
is required if classes are to 
be ranked in terms of evo­
lutionary history, for rea­
sons outlined previously. 
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For the location of spe­
cific traits, molecular 
markers that are widely 
distributed in the genome 
are required. The develop­
ment of dense genetic 
maps, and strategies such 
as bulked segregant analy­
sis, have greatly facilitated 
the identification of mark-

Figure 2. A dendogram constructed from molecular 
marker data reveals diversity patterns within resource 
collections (barley is shown here), facilitating both 
management of the collection and user access. See 
"Analytical tools for molecular data." 

ers linked to agronomic 
traits. Although restriction fragment length 
polymorphisms (RFLPs) are attractive 
because of their robustness and codomi­
nance, PCR-based assays are necessary for 
application to the extensive sample sizes that 
need to be screened. Whatever the marker, it 
will only be of use as long as the linkage to 
the trait is maintained when changing from 
one genetic background to another. The lim­
ited extent to which genetic maps can, in 
detail, be transferred among crosses portends 
the difficulties that may have to be faced. 
STMS could provide the means to produce 
"index maps," in which the markers are easily 

transferable between crosses and their map 
position is unambiguously defined. 

Natural populations 
Population questions are fundamental to in 
situ conservation and include the following: 
How are populations of given species distrib­
uted? Are they widespread or isolated in 
small patches? Are they genetically distinct 
from one another? How much genetic varia­
tion is there? Is there gene flow among them, 
and how is the genetic variation distributed 
among populations? 

Although many molecular techniques 
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have been applied to ques­
tions of this kind, the most 
useful are codominant, 
single locus markers. 

• FEATURE 

disequilibrium) relatedness 
can be accurately estimated 
from band sharing coeffi­
cients for the identification 
of individuals (e.g., in 
forensics) or relatives ( e.g., 
in mating behavior and 
paternity exclusion). 

TheMure 
Although molecular tech­
niques are already available 
for application to biodiver­
sity evaluation, the current 
technologies all suffer 
some technical and theo­
retical limitations. There is 
a tradeoff between differ­
ent types of marker with 
regard to their use for 

Information on the 
extent and distribution of 
diversity will assist in the 
development of efficient 
collecting and sampling 
strategies and in the iden­
tification of centers of 
diversity. For effective 
conservation, manage­
ment principles have to be 
established'·' ( see Fig. 3). 
Here, information on gen­
etic diversity is needed to 
define appropriate geo­
graphical scales for moni­
toring and management, 
to establish gene flow 
mechanisms, and to iden­
tify the origin of individu­
als ( e.g., to determine the 
role of migration). A pre­
requisite for conservation 
is the identification of 

Figure 3. The use of molecular markers enables the structure and 
history of diversity of a species (in this case, Norway Spruce) to be 
tracked. This knowledge is important for the management of 
populations to maintain diversity and for understanding the processes, 
dynamics, and biological function of biodiversity in natural and 
agricultural ecosystems. 

diversity assessments. 
Techniques that generate 
multilocus profiles provide 
information on numerous 
(presumably) dispersed 
loci, although the informa-
tion on a single locus is 
low. Conversely, sequenc­populations with inde-

pendent evolutionary histories and the abili­
ty to assess the conservation value of 
populations from an evolutionary or phylo­
genetic perspective. Furthermore, in the 
management of populations, demographic 
factors, such as mating systems, inbreeding 
depression, effective population size, and 
population subdivision, may be of equal 
importance to genetic factors'. Because the 
demographic history of a population is 
reflected in its genetic composition, molecu­
lar markers can provide important informa­
tion on demography, provided that the data 
quality of different markers are taken into 
account'. STMS and sequences (haplotypes) 
are the markers of choice here, although the 

sequence repeat amplification (ISSR), 
involves the anchoring of designed primers 
to a subset of microsatellites and results in 
the amplification of the regions between 
two closely spaced, oppositely oriented, 
SSRs. Primers based on microsatellite (ran­
dom amplified microsatellite polymor­
phism), transposon or interspersed repeat 
sequences (REP-PCR) may also be used. 

To generate diversity data from specific 
sequences, such as genes, it is necessary to 
have knowledge of the sequence surround­
ing the target to design specific primer 
pairs. There are three sources of potential 
sequences for a PCR-targeted approach: 
The chloroplast (cpDNA), mitochondrial 
(mtDNA)s.u and nuclear (nDNA) 14 

genomes. These differ in their mode of 
inheritance, evolutionary rates, and recom­
bination, all of which have im ortant con-
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levels of polymorphism detectable in some 
sequences may be insufficient to yield useful 
information for other than the most diver­
gentpopulations. 

Population diversity 
Information on who breeds with whom and 
on the identity of individuals with respect to 
their parents is important for the manage­
ment of.small numbers of individuals in ex 
situ collections. Multilocus profiling 
approaches can provide extremely useful 
information for questions of this kind'. Pro­
vided the analysis is carried out properly (i.e., 
it is known that the bands in the fingerprint 
occur independently and there is no linkage 

sequences in terms of their use in diversity 
studies. A targeted PCR approach is applica­
b]e to minute amounts of DNA from 
extreme]y small samples, e.g., single pollen 
grains, tiny leaf fragments, and even fossils. 
Sequencing the amplified fragment will 
potentially resolve all possible differences, 
and the data from the aligned sequences of 
different individuals can then be compared. 
Gel systems, such as TGGE ( thermal gradient 
gel electrophoresis), DGGE (denaturing gra­
dient gel electrophoresis), single-strand con­
formational polymorphism (SSCP), and 
heteroduplex formation, provide sensitive 
assays for detecting variations down to a sin­
gle base-pair and can be used to reduce the 
number of samples that need to be 
sequenced although, in practice, the genera­
tion of good TGGE and DGGE gels may be 
more laborious than se uencin . In the tech-

ing and STMS are limited in loci coverage, 
but they are extremely informative for the 
locus concerned. Methods based on random 
(anonymous) markers have proved useful in 
restricted and specific applications, such as 
relatedness analyses or cultivar/strain identi­
fication. Even in these cases, however, more 
accurate answers to the same questions can 
be obtained with reliable markers at individ-
ual loci. 

Importantly, molecular methods are use­
ful, not only in biodiversity measurement, 
but also in biodiversity management. Their 
use makes it possible to obtain an unprece­
dented understanding of the processes and 
dynamics of biodiversity, its evolution, and 

nically simpler method of ,l'CR-RFLP, ot 
cleaved amplified polymorphic sequence 
(CAPS), the ampJified product is digested 
with a restriction enzyme and the J?roducts 
visualized on an agarose gel. 

If SSR loci are cloned and sequ,enced, 
primers to the flanking regions can be 
designed to produce STMSu.". STMS pro­
vide attractive markers because: each primer 
pair usually identifies a single locus which, 
because of the high mutation,rate-of~ IS 

often multiallelic. It is common tQ l'Wl SfMS 
on sequencing, gels; where single ~t dif. 
ferimces can be resolved aQd ilius!81L~le 
alleles detected. Minisatelijtes 8{e generally 
very difficult to clone by virtue, of their size; 
however, if they; can be is:olated, with .suffi. 
cient flanking sequence for priger design, 
they provide singleJocus ~ similar to 
STMS, but even more l o hie. 
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natural preservation-provided the right 
markers are chosen. All major advances in the 
field of population genetics and evolution 
have come from detailed studies of specific 
markers with well-known properties in terms 
of transmission, position in the genome, and 
mode of mutation. Of the current technolo­
gies, the marker systems that contribute most 
to this are STMS and sequences. 

Current limitations lie in the number of 
well-defined markers available. Three points 
are relevant: First, random, or arbitrary ampli­
fication can be used as a first step toward the 
identification of single locus markers; second, 
considerable progress has been made in the 
field of genome mapping and sequencing of 
entire genomes, and a wealth of information 
of new gene and genomic sequences is thus 
being gathered; third, efficient retrieval sys­
tems for the isolation of large numbers of 
microsatellites from plant and animal 
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genomes are now available. 
Much could be gained from a conver­

gence between genetic mapping and diversity 
studies. Where possible, markers should be 
chosen according to their distribution to 
ensure that marker sampling errors are not 
committed. Thus far, most molecular mark­
ers have been used in an anonymous man­
ner-often it is not known where they are 
located in the genome, whether they are in 
coding or noncoding regions, or linked to 
major genes, or even sometimes whether 
they are in the nuclear or cytoplasmic 
genomes. Clearly, more information is need­
ed to enable the classification of markers into 
different categories, for example, on the basis 
of mode of transmission, or evolution with 
respect to different selective pressures. 
Research in this area needs also to include 
theoretical investigations on both the influ­
ences of different marker properties and con-

siderations of effective sampling strategies 
within genomes as well as at the individual, 
population, and geographic scales. 

Finally, more facilities need to be devoted 
to microsatellite cloning and sequencing to 
enable researchers with access to the best data. 
Sharing and compilation of such data will, 
however, require the development of new 
bioinformatics methods adapted to the specif­
ic nature of polymorphism data. An interest­
ing and useful byproduct of data from genome 
sequencing projects would be the preparation 
of a bank of primers of various types of organ­
isms that would be accessible (at low or no 
cost) to anyone interested in applying molecu­
lar technologies to biodiversity. 
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