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Abstract

Molecular DNA markers are now gaining importance in wildlife conservation. Use of markers in
identification of gene/ region in DNA, studying polymorphism, trait association and in marker assisted
breeding schemes have now become ubiquitous in animal and plant breeding systems. Nuclear and
mitochondrial genomic DNA are now being utilized in estimation of inbreeding, recent bottlenecks,
genetic structure of population, migration and evolution pattern. The current review aims at providing a
brief information about the use of mitochondrial and nuclear DNA in wildlife conservation and discuss in
brief about non invasive DNA genotyping.
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Introduction

Molecular DNA marker technology have developed drastically in the past few decades with
the advent in modern biotechnological tools. Use of markers in identification of a gene/ region
in DNA, studying polymorphism, trait association and in marker assisted breeding schemes
have now become ubiquitous in animal and plant breeding systems. With this technological
boom markers are now playing a significant role in studying variability and diversity, genetic
trends, inbreeding effect, migration pattern in wild natural populations also. The drawbacks of
classical morphological markers of being restricted to few traits, low level of polymorphism
and environment sensitiveness have now become more apparent . The second category of
markers that were used after morphological markers were the biochemical markers particularly
isoenzymes that can be easily tracked by electrophoresis 2. However, isoenzymes carried a
drawback that a limited number of polymorphic isoenzymes can be tracked by electrophoresis
that again decrease the degree of polymorphism and distinction between two individuals could
be merged, secondly the expression of various enzymes in the body systems is highly variable
and depends on the environmental factors . DNA markers however doesn’t carry these
limitations, they are highly polymorphic and are not affected by environmental circumstances.
They tend to generate distinct band for each individual (creates fingerprint) that can be
detected by silver staining or labelling. Development of molecular DNA markers started with
the advent of RFLP in human genetics 1. The method exploited the variations due to cut sites
of restriction enzymes in nuclear DNA, now we know that these variations mainly arise due to
changes in a single base pair within the recognition sequence of any particular restriction
enzyme. The method generates fragments of DNA corresponding to the number of cuts that
were detected by hybridization with a labelled probe and autoradiography. With the invention
of PCR, only the desired regions were first amplified and then digested by specific restriction
enzyme and the fragments were resolved and detected on agarose gel containing ethidium
bromide in a UV transilluminator (PCR-RFLP). Later on, more marker systems were
developed like RAPD (Randomly Amplified Polymorphic DNA) [, VNTR (Variable number
of tandem repeats or minisatellite), STR (Short tandem repeats, or SSR; simple sequence
repeat or microsatellite), AFLP, retrotransposons, ISSR (Inter-simple sequence repeats), SNP
chip etc. These markers, as discussed earlier, are now being used to study the genetic structure
in wild animals. RAPD and AFLP markers are the commonest marker that are used in
conservation genetics, besides them certain regions in mitochondrial DNA (mtDNA) are also
being applied in species identification and divergence studies. In this brief review we will
focus on various nuclear and mitochondrial DNA markers that can be used in conservation
genetic studies with discussion on their possible benefits and drawbacks.
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2. Nuclear DNA markers

Nuclear DNA markers are widely used in wildlife
conservation. The most commonly employed markers for this
purpose are RAPD, AFLP and SSR markers. RAPD and
AFLP markers do not require any prior molecular information
and are dominant in nature, whereas, SSR marker require a
preliminary sequence information for primer designing.
Because of their ease of application and genotyping RAPD
markers have gained much popularity in wildlife conservation
studies. A comparison between zoo and wild Far — Eastern
leopard subspecies using RAPD markers revealed a low level
of diversity in zoo animals as compared to their wild
counterparts I, Freitas et al. 61 have shown the effect of
recent bottleneck and inbreeding on genetic variation and its
loss in Pacific white shrimps using 5 decamer RAPD primers.
These markers have also been used in threatened species for
estimation of genetic diversity, RAPD analysis of Iberian
Imperial eagle population was done using 45 RAPD primers
which amplified 614 loci in 25 individuals ). The diversity
analysis and relationship among individuals would help in
designing of proper mating plan for species that are being
captively bred for conservation purpose. AFLP markers are
quite similar but they can be automatized using PCR. Both the
markers are multi locus but due to more stringency in reaction
in AFLP they are more reliable than RAPD markers. Genetic
diversity in sand tiger shark (Carcharodon taurus) and great
white shark (Carcharodon carcharias) was assessed by AFLP
marker, which showed high levels of allelic diversity between
the two species €. AFLP markers have been used in reptiles
for construction of relation tree and was suggested to be a
valuable tool in determining phylogenetic relationships at fine
levels Pl. Dasmahapatra et al. % has shown that AFLP
markers can be effectively used to estimate inbreeding
coefficient in natural populations and for determination of
heterozygosity and fitness. However, RAPD and AFLP
markers are dominant and thus not all the genetic variation
can be captured by them as heterozygotes cannot be
separately identified.

The drawbacks of AFLP and RAPD markers can be very well
overcome by using microsatellite markers. Microsatellites are
small tandemly repeating units of nucleotides in DNA (2 -4
bp long), the variation in number of repeating units create
alleles at a locus. Microsatellites are single locus multi —
allelic markers and hence tend to highly polymorphic in
nature. Moreover, microsatellite markers can be easily
optimized by PCR and alleles can be discriminated using
denaturing PAGE or labelled primers. Microsatellite makers
are mostly used in genetic diversity analysis and in molecular
phylogenetic studies. Genetic diversity between captive bred
and reintroduced population of Arabian orynx was assessed
by seven microsatellite loci by Arif et al. . Genetic
diversity and population structure in giant pandas China using
10 microsatellite markers in Tangjiahe Nature Reserve (NR),
there was low level of genetic differentiation between the
subpopulations 2. Microsatellite markers therefore are
choice of marker for diversity analysis, they have been used
in analysis of genetic structure and diversity in population of
Vietnamese Sika deer %, in development of species specific
loci in woolly monkeys 4 to study hybridization, in
assessment of within population diversity in Dutch Roe deer
151 in Chital deer ['6 11 in Norwegian red deer [*8 etc,
Besides mammals, microsatellites have been used in other
species also, a panel of microsatellite markers was used to
assess genetic variability within and among three ostrich
breeds 9, population diversity in kakerori endangered forest

bird 29 in characterization of Neotropical harpy eagle 24,
genetic diversity in population of black tiger shrimp 22,

3. Mitochondrial and other markers

Besides the nuclear DNA markers, mitochondrial DNA
markers have been extensively used in wildlife conservation.
The mitochondrial protein coding regions are extensively
used in molecular phylogenetic research as they evolve faster
than the nuclear genes. The mitochondrial regions are also
used in identification and wildlife forensics [ the
cytochrome b sequence was used in meat identification and
slaughter weapon identification in endangered bird by Gupta
et al. 4. The cytochrome region has attracted the maximum
part of researches, the cytochrome b region was used to assess
the divergence between Korean, Chinese and Russian goral
(5] the NADH dehydrogenase subunit with 16s rRNA gene
were used for phylogenetic analysis of 35 species of Felidae
family %61, Moreover, the non-coding or the control region
(CR) sequences are also being used for comparison and
diversity among species. These CR sequences have been in,
genetic status and evolution assessment in Tibetan gazelle
population 271 and sun bear [?1, gene flow in black muntjac
(291 diversity and population structure analysis in Chinese
water deer 3%, phylogenetic analysis of oryx species U and
in population genetic structure analysis in desert bird
(Chlamydotis undulata) 32,

Another candidate that is a potential DNA marker in
mitochondrial genome is the 12S and 16S ribosomal DNA.
The 12S rDNA is highly conserved among taxa and is usually
applied for higher level of phylogenetic studies like in phyla
or subphyla, the 16S rDNA is less conserved and is applied in
mid-level taxonomic studies like at families or genera level.
This 12S fragment has been used, in phylogenetic analysis of
Indian muntjac 3, in population structure analysis in spur-
thighed tortoise 41, in species identification of Indian leopard
[3%1, 12S and 16S regions has been used in determining the
phylogenetic status of Przewalski’s gazelle ¢, The 16S
region of mitochondria has also been used for establishing
relationship pattern and taxonomic status of 4 genera [¥7],
Guha and Kashyap [ has developed PCR assay based on
16S polymorphism to distinguish between Black buck, Goral,
Nilgai, Hog deer, Chital, Sambhar and Thamin deer.

4. Source of DNA for wild animals genotyping

One of the major problems to genotype wild animal is the
obtaining enough of the biological sample that can be utilized
for isolation of genomic DNA. DNA in wild animals can be
obtained from non-invasive techniques, the best of which is to
use faeces as the source of DNA other sources include hair,
skin, feather, saliva, postmortem material etc. [, Utilization
of faecal DNA for genotyping animals have been proven to be
quite useful in numerous studies -2 171, However, obtaining
a superior quality DNA from faecal sample for genotyping is
challenging. For faecal DNA isolation there are myriad of
methods as well as commercial kits available. The quantity
and quality of DNA and removal of inhibitors in important for
each method. Also, once the DNA is obtained there are
chances of genotyping error when using faecal DNA,
amplification of false allele and allelic dropout [,
Contaminating DNA, artifacts etc. can lead to allelic slippage
or amplification of false alleles 3. However, a standard
multiple tube approach has been devised to nullify these
drawbacks of faecal DNA, the approach is using of multiple
PCR amplifications per reaction so that the false amplification
can be identified in a sample 4. Using the red deer
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population it was suggested to employ 6 PCR amplifications
per sample (per locus) to achieve 97 % accuracy and correct
genotype 3. Genotyping error rates may be important
determinants of the outcome of noninvasive studies and hence
should be carefully computed and reported.

5. Conclusion

Genotyping the wild animal population carries some
difficulties with it, first being the sample size, which is often
small, second is the sampling area and third is the obtaining of
sample as DNA source. It is important that if the source of
DNA has been chosen by noninvasive methods, genotyping
error rates should be accounted and computed. The next part
comes the choice of marker for the study. Dominant markers
like RAPD, AFLP will be less stringent, less costly but will
form an excellent choice for starting a project or for
estimating the diversity between subpopulations. Codominant
marker like microsatellite will be expensive and tedious to
develop but will be excellent for establishing a phylogenetic
relationship and taxonomic position due to their higher
polymorphism and biallelic nature. Co-dominant marker
allows for estimation of hybridization, inbreeding and recent
bottlenecks during evolution. However, the quality of DNA
required for genotyping by microsatellites should be good and
poor quality DNA gives error in genotyping and
amplification. The mitochondrial DNA markers are useful in
phylogenetics, between phyla, subphyla or families as the rate
of evolution is higher in these genes. The other major use of
mitochondrial DNA markers has been in the identification of
species, in case of illegal hunting or trade. Therefore,
applicability of each marker depends on the objective or goal
of our study and the choice of source material for DNA.
Whatever the case may be, DNA markers are now being
proving useful in conservation genetic and wildlife forensic
studies.
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