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Abstract: A recurring problem with ancient specimens from wildlife 
animals is that their preserved tissues contain small amounts of DNA in a 
degraded state. The specific objectives of the present study were: (1) To 
determine DNA yields from different animal tissues; (2) to compare 
traditional (manual) DNA extraction protocols with commercial procedures 
and (3) to assess the success of PCR amplification of Inter-Simple 
Sequence Repeats (ISSR) loci in degraded animal samples. Liver, stomach 
and muscle samples were extracted from coyote (Canis latrans) and long-
tailed weasel (Mustela frenata) for this research. Manual protocols for 
DNA extraction were compared to a commercial kit procedure (Qiagen 
DNeasy kit). Genomic DNA in different states (intact, apoptotic and 
degraded) were amplified using a panel of ISSR primers. No DNA was 
recovered from coyote stomach samples using the manual extraction 
protocol. DNA concentrations in stomach and liver samples from coyote 
were 10.31 ng/µL and 15.8 ng/µL, respectively using the Qiagen extraction 
kit. In general, the kit extraction method yielded more DNA than the 
manual extraction procedure but it is more expensive. Intact and apoptotic 
genomic DNA were successfully amplified by PCR resulting in a similar 
profile. Artificially degraded DNA showed partial amplification. Thus, the 
ISSR marker system is suitable for animal population genetics when only 
limited and/or degraded animal DNA is available.  
 
Keywords: Animal Corpses, Coyote (Canis latrans), Long-Tailed Weasel 
(Mustela frenata), DNA Yields and Degradation, PCR Amplifications, 
ISSR Analysis 

 

Introduction 

Preserved tissues of ancient specimens of wildlife 

animals contain small amounts of DNA in a degraded 
state. It is essential to make this DNA accessible for 

enzymatic manipulations. This normally involves the use 
of PCR amplification methods. However, most DNA 

extraction protocols are suited for fresh tissues 
containing intact cells and high molecular weight DNA. 

Virtually no cell structures are preserved in ancient 
specimens and it may be more difficult to get the DNA 

in aqueous solution (Geigl, 2002). There are different 
conditions that can lead to ancient DNA damage leading 

to a decrease in the ability to gain an accurate DNA 
profile. To minimize DNA degradation, aggressive 

treatments including high temperatures and strong 
detergent should be avoided. These treatments may 

indeed increase DNA release but would in turn decrease 

the overall DNA yield by further damaging the ancient 
DNA molecules (Rohland and Hofreiter, 2007). 

DNA yield varies also with the extraction method 
used. DNA extraction using a commercial kit has been 
proven efficient for DNA analysis from various types of 
samples involved in wildlife crimes. Comparative 
studies have revealed that different kits are uniformly 
efficient for extracting DNA (Claassen et al., 2013). The 
increased effectiveness has been attributed to the 
proprietary chemicals provided in the kits, such as 
modified DNA polymerases and buffers. On the other 
hand, the commercial kits have been found to be quite 
expensive, limiting their extensive adoption in several 
countries where wildlife crimes often occur.  

Extracted DNAs are usually analyzed using PCR-
based methods. Advances in molecular biology 
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techniques have provided useful tools for forensics, 
genetics and genetic diversity among many other 
applications (Paetkau and Strobeck, 1994; Schander and 
Kenneth, 2003). Preferably, the DNA extraction 
techniques should be enhanced to obtain the optimal 
DNA yield and quality for any species or species group; 
this will therefore enable suitable processing and 
analysis of genetic variability. DNA analysis is generally 
carried out using blood, feces and hair samples in genetic 
studies (Paetkau and Strobeck, 1994). There will be a 
greater PCR amplification success rate by extracting 
from blood and muscle tissues in comparison to DNA 
from sources such as feces and hair, which are non-
invasively collected (Proctor et al., 2005). All the same, 
given the difficulty of handling and trapping rare animals 
such as bears, wolves, coyotes etc., the non-invasive 
methods can offer a useful alternative source of DNA. 
Even though the field sampling of non-invasive samples 
would require less time, money and field expertise than 
the collection of invasive samples, it is essential to make 
certain that the non-invasively collected samples give 
high quality DNA with good quantity in order to yield 
precise genotyping results. 

Analysis of DNA are estimated by using different 

molecular marker systems including Restriction 

Fragment Length Polymorphism (RFLP), Amplified 

Fragment Length Polymorphism (AFLP), microsatellites 

(SSR), Single Nucleotide Polymorphism (SNP), Inter-

Simple Sequence Repeats (ISSR) and Random 

Amplified Polymorphic DNA (RAPD) (Herrera et al., 

2003; Bardakci, 2001; Mehes et al., 2007). The level of 

polymorphism that can be detected varies with the 

marker system used. 
ISSR has been used in several conservation projects. 

It can be used without knowledge of the sequence 
information of genomic DNA (Zietkiewicz et al., 1994). 
In fact, the ISSR marker technique encompasses 
Polymerase Chain Reaction (PCR) amplification of 
DNA using a single primer composed of a microsatellite 
sequence. The ISSR has good reproducibility at a 
reasonable cost and is easy to use, allowing it to be 
useful for genetic studies of populations (Li and Xia, 
2005; Chen et al., 2005). Most molecular analyses of 
degraded samples use expensive techniques such as 
mini-STRs, SNPs and other DNA sequencing 
protocols. There are no reports of application of ISSR 
to studies of damaged DNA. 

The main objectives of the present study are: (1) To 
determine DNA yields in different animal tissues, (2) to 
compare traditional (manual) DNA extraction protocols 
with commercial procedures; and (3) to determine the 
PCR amplifiability (amplification success) of ISSR loci 
in degraded animal samples. 

We hypothesize that (a) DNA yields will vary with 
the types of tissues; (b) Manual (traditional) DNA 

extraction procedures are cost effective compared to 
commercial kits and (c) Degraded DNA from animal 
tissues are less amplifiable than intact DNA from fresh 
samples using a PCR based system. 

Materials and Methods 

Animal Samples 

 Coyote (Canis latrans) corpses from the Canadian 
Ministry of Natural Resources in Alberta had been stored 

at -80°C for over 10 years. Samples were collected from 
stomach and liver from these preserved tissues from each 
carcass. Samples of long-tailed weasel (Mustela frenata) 
corpses were obtained from Dr. J-F. Robitaille’s 
(Laurentian University) laboratory and they had been 

preserved for a year in a freezer (-20°C). All the samples 

were kept at -20°C to prevent enzymatic degradation and 
decomposition of the DNA until used. 

Manual DNA Extraction 

Frozen samples were cut into small pieces directly 

into a pre-cooled mortar, to which liquid nitrogen had 

been added. The tissue was ground to a fine powder 

using a pestle, while continuously adding liquid 

nitrogen. The resulting fine cold powder was transferred 

to a disposable 50 mL centrifuge tube. Nine ml of pre-

warmed (55°C) lysis buffer (50 mM Tris-HCl: pH 8.0, 

50 mM EDTA, 1% SDS, 10 mM NaCl ) was added to 

the tube and the powder was re-suspended gently. The 

solution was then digested with 100 µL of 10 mg/ml 

Proteinase K (100 µg in solution) to eliminate any traces 

of proteins. The digestion mixture was incubated in a 

water bath at 55°C for 3 h and each sample was treated 

very gently to prevent DNA shearing. 

Ten ml of CIA (1 part isoamyl alcohol: 23 parts 

chloroform) was added to the solution. This was mixed 

carefully for 5 min and centrifuged at 12,000 rpm for 15 

min. The supernatant was delicately removed and 

dispensed into a new 50 mL disposable centrifuge tube, 

while the interphase and bottom layers were discarded. 

The CIA extraction was repeated three more times. 
One ml of 3 M NaOAc (pH. 4.0), 2 volumes of cold 

ethanol (100%) were added to the supernatant and gently 
mixed. If DNA was visible in the form of a stringed 
spool, a hooked and sealed Pasteur pipette was used to 
remove it out of the tube. Otherwise, the tube was 
centrifuged for 15 min at 12,000 rpm, resulting in a 
DNA pellet at the bottom of the tube. In the latter case, 
the cold ethanol was removed without disturbing the 
pellet. The resulting pelleted DNA was washed with 
70% ethanol. The wash process was repeated before 
ethanol was removed and the tubes were inverted. The 
DNA was re-suspended in 250 µL of 1 x TE (Tris 
EDTA). To ensure the removal of all traces of RNA, 10 
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µL of 100 ng ribonuclease (Rnase A) was used. The 
solution was then incubated in a water bath for 30 to 60 
min. at 37°C. Samples that had low DNA yields were 
also precipitated with isopropanol. The solution was 
centrifuged at 12 000 rpm in an IEC Micromax 
centrifuge for 15 min. The isopropanol/salt was then 
removed by inverting the solution into appropriate waste 
tubes. The remaining pellet though not visible, was 
washed with 70% room temperature ethanol. The 
solution was micro-centrifuged at 6,500 rpm for 30 min. 
The ethanol was carefully removed and the micro-
centrifuge tubes were allowed to air dry. The pellet was 
then re-suspended in 200 µL of 1X TE. 

Kit Extraction 

The kit extraction method was carried out for all the 

samples collected. As with manual extraction, 25 mg of 

tissue were cut into small pieces and placed in a 1.5 mL, 

micro-centrifuge tube. About 180 µL Buffer ATL and 20 

µL proteinase K were added and the mixture was 

incubated at 55°C until the tissue was completely lysed. 

This was done while vortexing occasionally during 

incubation to disperse the samples. This step was 

followed by an addition of 200 µL Buffer AL to the 

sample that was then mixed thoroughly and incubated at 

70°C for 10 min. Then 200 µL of ethanol (100%) was 

added to the sample and mixed thoroughly by vortexing. 

Afterwards, the mixture was transferred via pipette to 

DNeasy spin column and placed in a 2 mL collection 

tube before centrifuging at 8000 rpm for 1 min. We 

placed the DNeasy mini spin column in a new 3 mL 

collection tube before adding 500 µL Buffer AW1 and 

centrifuged for 1 min at 8000 rpm. Afterwards, flow-

through and collection tube were discarded. We 

subsequently placed the DNeasy Mini spin column in a 2 

mL collection tube, added 500 µL Buffer AW2 before 

centrifuging for 3 min at 14000 rpm to dry the DNeasy 

membrane. The flow through and collection tube was 

discarded once again. 

The final step was carried out twice and entailed 

placing the DNeasy Mini spin column into a clean 2 mL 

micro-centrifuge tube before pipetting 200 µL of Buffer 

AE directly into the DNeasy membrane. The solution 

was incubated at room temperature for 1 min before 

being centrifuged for 1 min at 8000 rpm to elute. 

DNA Quantification 

The concentration of the extracted genomic DNA 

was determined by the fluorochrome Hoechst 33258 

with the DNA quantification kit from Bio-Rad 

(catalogue #170-2480). A series of 96 well micro titer 

plates were spotted with 200 µL of Hoechst 33258 dye 

mixture prepared using the fluorescence DNA 

quantification kit (Bio-rad). The mixture was composed 

of 18 mL of double distilled water (ddH2O), 2 mL 10 x 

tris-EDTA NaCl (TEN) buffer and 4 µL Hoechst 33258 

10 mg/mL dye. DNA concentration was determined by 

generating a standard curve by adding in duplicate a 

known standard concentration of calf thymus DNA to the 

micro titer plate in an amount that varied from 17,500 ng 

to a minimum of 25 ng. DNA was added to the plate in 

duplicate in 2 µL aliquots. The DNA fluorescence 

intensity was measured using a BMG LABTECH 

FLUORstar OPTIMA micro plate multi-detection reader 

in fluorescence detection mode. DNA samples were 

further standardized to a concentration of 5 ng/µL for PCR 

amplification. Statistical differences between DNA yields 

were determined using the Student T test. 

Amplification with ISSR Primers 

Intact genomic DNA and artificially degraded DNA 

(by boiling) from M. frenata were compared for PCR 

amplification. DNA samples with advanced apoptosis 

were also used. A total of 7 ISSR primers synthesized by 

Invitrogen were selected for DNA amplification (Table 

1). PCR analysis was carried out following the procedure 

described by Vaillancourt and Nkongolo (2008) and 

Nkongolo et al. (2014). Each PCR reaction was 

performed using a total of 25 µL volume containing 11.4 

µL double distilled water, 10 mM tris-HCl pH 8.3 at 

25°C taq buffer, 2 mM MgSO4 and 0.5 µM of each 

dNTP (Applied Biosystems, Foster City, CA), 0.5 µM 

primer, 5 ng/µL genomic DNA and 0.625 U of taq DNA 

polymerase (Applied Biosystems, Foster City, CA). For 

each primer, double distilled water was used as a 

negative control. Also a drop of mineral oil was added to 

each reaction to prevent evaporation. The samples were 

amplified in a thermal cycler (Perkin Elmer, Foster City, 

CA). The cycles performed were as follows: An initial 

denaturation at 95°C for 5 min, followed by a 2 min 

incubation at 85°C at which point the taq polymerase 

was added; 42 cycles of 30 sec at 95°C, 90 sec at 55°C 

and 30 sec at 72°C; a final extension for 7 min at 72°C 

was followed by subsequent incubation at 4°C.  
 
Table 1: ISSR primers, their sequences and the size of the 

fragments amplified. From Mustela frenata muscle 
samples 

 Nucleotide Fragment 
ISSR Primer sequence (5’-3’) size range (bp) 

809 (AG)8G 250-850 
823 (TC)8C - 
835 (AG)8YC 200-1000 
873 (GACA)4 - 
HB17898B (CA)6GT 200-1650 
HB 15 (GTG)3GC 200-1000 
HB 17989 A (CA)8GT 200-1750 
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To the PCR product, 5 µL of loading buffer was added 

to make a total of 30 µL. About half of this volume was 

loaded in a 2% agarose gel stained with 1 µL ethidium 

bromide. Running buffers used were 0.5X tris borate EDTA 

or 1X tris acetate EDTA buffer. These products were run 

against a 1 kb plus DNA ladder for approximately 150 min 

at 64 volts. The agarose gels were visualized and 

documented by using the Bio-Rad ChemiDoc XRS system 

and analyzed with the discovery series quantity 1 D 

Analysis software. Each assay was repeated three times. 

Results 

DNA Quality Test 

All the genomic DNA samples were tested to assess 

their degradation level (Fig. 1 to 3). They were run in a 

1% agarose gel with 0.5% Tris-Borate-EDTA (TBE) 

buffer. Intact DNA appeared as a tight band of high 

molecular weight (Fig. 2) and degraded DNA as a smear 

(Fig. 1b). Apoptotic DNA appeared essentially as 

laddered segments (Fig. 3). 
 

 
(a) 

 

 
(b) 

 
Fig. 1: (a) DNA yield in coyote (Canis latrans) stomach using standard procedure. Lanes 1 and 2 contain extracted DNA and lane 3 

DNA ladder and (b) DNA yield in coyote stomach Qiagen Kit. Note the absence of DNA in coyote stomach following a 
manual extraction protocol (a) and the DNA presence following a kit extraction procedure 

 

 
 
Fig. 2: DNA extracted from coyote liver tissue using Qiagen kit; Lanes 1 to 4 contains DNA from coyote (Canis latrans) liver tissue 

samples. Note the strong bands showing intact DNA 

 1 2 3 

 1 2 

 1 2 3 4 
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Fig. 3: DNA extracted from Mustela frenata masseter muscle using Qiagen kit. Samples 1 and 4 show Fragmented DNA resulting 

from apoptosis and lanes 2 and 3 show partially degraded DNA samples. Note that the laddering of DNA samples 
 

 
 
Fig. 4: PCR amplified DNA products from Mustela frenata 

muscle samples using ISSR primers; PCR Primers HB 
17989 A were used for the PCR mix; Lanes 1 and 8 
contain DNA ladder; lanes 2 and 3 contain amplified 
products from boiled degraded DNA; lanes 4 and 5 
amplified products from intact DNA (not degraded); and 
lanes 6 and 7 amplified products from fragmented DNA 

DNA Yields  

The results of DNA extraction using manual extraction 
and a commercial kit were compared (Fig. 1). Measurable 
amount of genomic DNAs were extracted from all the 
samples using a commercial kit. In fact, no detectable 
genomic DNA was extracted from long term preserved 
stomach samples using manual procedures, while 10.31 

ng/µL of DNA were isolated from the same tissue using 
the Qiagen extraction kit. Overall, manual extraction was 
cost effective (less than $1/sample) compared to the 
commercial kit procedure ($8/sample), when the samples 
were not too degraded. 

There was significantly more DNA in liver compared 
to stomach in coyote corpses preserved under the same 
conditions for over 10 years. In fact, DNA yield in 
stomach and liver samples were 10.31 and 15.76 ng/µL, 
respectively following the kit extraction protocol. 
Extraction of M. frenata muscle samples with the Qiagen 
kit resulted in a 15.4 µg/µL of DNA. Some of these 
samples revealed the presence of apoptosis (DNA 
laddering) (Fig 3). DNA laddering was confirmed by 
extracting DNA from a lysed cell homogenate followed 
by agarose gel electrophoresis. 

DNA Amplification 

ISSR Amplification 

Apoptotic cells were not observed in coyote tissues. 
DNA laddering, the main characteristic of apoptosis was 
observed in some samples of M. frenata. M. Frenata 
DNA degraded by boiling in an autoclave was also 
amplified (Fig. 4). Sizes of the amplified fragments are 
described in Table 1. Four of the ISSR primers amplified 
all the DNA samples including intact genomic DNA, 
degraded genomic DNA and laddering DNA from 
apoptotic cells (Figs. 4 and 5). PCR amplification 
indicated that the quality of DNA for most samples is 
suitable enough to allow PCR amplification of desired 
fragment length without further purification. In fact, 
amplified products were produced from all the samples 
in spite of degradation. Amplification of intact and 
fragmented DNA resulted in readily visible bands 
compared to boiled DNA (Figs 4 and 5).  

 1 2 3 4 

 1 2 3 4 5 6 7 8 
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Fig. 5: PCR ISSR of Mustela frenata muscle samples. PCR amplified DNA products using primer HB 835. Lanes 1 and 8 contain DNA 

ladders; lanes 2 and 3 contain amplified products from boiled degraded DNA; lanes 4 and 5 contain amplified products from 
intact DNA; lanes 6 and 7 contain amplified products from fragmented DNA. PCR amplified DNA products using primer HB 
17989 B. Lanes 9 and 10 contains amplified products from boiled degraded DNA; lanes 11 and 12 amplified products from intact 
DNA; and lanes 13 and 14 contain amplified products from fragmented DNA. Lane 15 contains DNA ladder 

 

Discussion 

The agarose gel concentration and choice of buffer 
used during this study was based on the resolution. For 
higher molecular weight DNA molecule resolution, 1% 
agarose gel (larger pore) and Tris-acetate EDTA buffer 
was utilized (Miura et al., 1999). For better resolution of 
smaller DNA bands, a higher percentage agarose gel (2%) 
in combination with tris-borate EDTA buffer has been 
shown to be the preferred choices (Miura et al., 1999). 

DNA quantification was achieved by using Hoechst 
dye 33258. A compound that binds preferably to A/T 
pairs in double stranded DNA (Labarca and Piagen, 
1980). Its selective binding to double stranded DNA 
offers an advantage to other techniques as it prevents 
contaminants from other molecules such as RNA and 
phenol used during DNA extraction from contributing to 
the reading. This assay can also detect DNA 
concentration as low as 8 ng/µL.  

Comparison Between Tissues 

All the genomic DNA samples were tested to assess 
their degradation level. It is established that all sources 
of DNA will degrade given enough time and exposure to 
the environment and this process of degradation can be 
the results of a combination of several factors. 

In the present study, genomic DNAs were extracted 
from stomach, liver and muscle tissues. Successful 
extraction of DNA depends strongly to the types of the 
tissues and the conditions of the specimens. Janjua et al. 
(2014) obtained the greatest average DNA quantity and 

purity from blood samples regardless of the extraction 
method used compared to muscle, hair and fecal samples. 
In the present study, the successful extraction of DNA 
depicted by the intact DNA band without shearing showed 
that the manual extraction method can work effectively 
depending on the state of the sample and the tissue.  

Commercial kits provide a simple and convenient 
way to isolate pure genomic DNA of a high-quality. This 
is consistent with Schill and Steinbruck (2007) who 
reported when comparing different protocols for DNA 
extraction and PCR amplification of mitochondria genes 
of tardigrades. However, when analyzing large 
populations, the manual extraction is cost effective. For 
example, in the present study it cost 9 fold more to 
extract DNA with the Qiagen kit compared to manual 
extraction. But extracting DNA with a commercial kit 
was a more efficient technique regardless of the types of 
the tissues. In fact, DNA could not be extracted using the 
manual method but the kit based extraction worked fine. 
The two methods use different reagents and processes. 
The commercial kit uses a silica column resulting in high 
yield and purity with less contaminants in the extracted 
DNA while the manual method is based on phenol-
chloroform extraction.  

When comparing tissues via the kit extraction 
method, the DNA yields in liver samples were 
significantly higher than stomach samples. The 
variability in DNA quality and purity can be described 
by tissue specific structural complexity. Liver, kidney 
and brain tissues comprise of delicate membrane cells 
with few fibrous cells. However, the skin contains 

1 3 5 7 8 10 12 14 15 
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stratified tissue with keratin and other fibrous cells. 
Muscle tissue is comprised of many proteins within the 
cell. Adipose tissue consists mainly of lipids, which 
increase cell volume and decrease cell number. In 
addition, lipid is water insoluble, which hinders 
extraction, lysing a smaller number of nuclei  
(Junqueira and Carneiro, 1995).  

The extraction of the M. frenata muscle samples 
retrieved fragmented DNA suggesting apoptosis. The 
presence of apoptosis was inferred by DNA laddering 
observed in some samples. The extraction of DNA from 
a lysed cell homogenate followed by agarose gel 
electrophoresis is an efficient and easy method of 
confirming DNA laddering. In fact, we visualized the 
endonuclease cleavage products typical of apoptosis as 
described by Wyllie (1980). These results were 
characteristic of “DNA ladder” with each band in the 
ladder separated in size by approximately 180 base 
pairs. This methodology is easy to perform, has a 
sensitivity of 1×106 cells (i.e., level of detection is as 
few as 1,000,000 cells) and is useful for tissues and cell 
cultures with high numbers of apoptotic cells per tissue 
mass or volume, respectively. The presence of DNA 
laddering suggests that the tissues were at the later 
phase of apoptosis (Wyllie, 1980). 

Apoptosis or programmed cell death is indeed a 

genetically determined process of cell self-destruction 

that is marked by the fragmentation of nuclear DNA. It 

is a normal physiological process eliminating damaged 

DNA and superfluous or unwanted cells (Liao, 2005). 

Because billions of cells die every day in their 

bodies, animals have evolutionarily developed apoptosis 

to preserve the tissue environment from adverse effects 

of dead cells, a process achieved via phagocytosis of the 

cell corpses by phagocytes that are collectively referred 

to as scavengers (Liu et al., 2013).  
The alternative to apoptotic cell death is necrosis, 

which is considered to be a toxic process where the cell 
is a passive victim and follows an energy-independent 
mode of death. But since necrosis refers to the 
degradative process that occurs after cell death, it is 
considered by some to be an inappropriate term to 
describe a mechanism of cell death (Majno and Joris, 
1995; Levin et al., 1999).  

ISSR Analysis 

Polymerase chain reaction was used to analyze the 
amplification success of DNA of different degradation 
conditions using ISSR marker system. PCR reliability, 
feasibility and precession depends on the high quality 
genomic DNA with low level of fragmentation. In the 
present study four ISSR primers amplified all the DNA 
samples including intact genomic DNA, degraded 
genomic DNA and laddering DNA from apoptotic cells. 
Hence, the ISSR marker system can be used in forensic 

cases or in applications involving degraded samples. 
This molecular system is a reliable technology that can 
be used to differentiate closely related individuals 
(Godwin et al., 1997; Mehes et al., 2007; Moarefi et al., 
2018; Boyd et al., 2019). This marker system has been 
successfully applied to genetic analysis of plants and 
animals. ISSR marker system accesses variation in the 
numerous micro-satellite regions dispersed throughout 
the genome (Semagn et al., 2006) and circumvents the 
challenge of characterizing individual loci that other 
molecular approaches require.  

The ISSR method provides an alternative choice to 
other systems for obtaining highly reproducible markers 
without any necessity for prior sequence information for 
various genetic analyses. The ISSR method takes 
advantage of the ubiquitously distributed SSRs in the 
eukaryotic genomes. Because of those abundant and 
rapidly evolving SSR regions, ISSR amplification has 
the potential of revealing larger numbers of polymorphic 
fragments per primer than any other marker system used 
such as RFLP or microsatellite. As the PCR reaction 
amplifies the sequence between two SSRs, the PCR 
products generate a profile with multiple loci. 

Compared to other arbitrary primers, ISSRs provide 
great potential to determine intra- and inter – genomic 
polymorphisms, as they reveal simultaneously variation 
within unique regions of the genome at several loci. 
ISSRs are extremely useful markers because they inherit 
several properties of microsatellite such as high 
variability among taxa, ubiquitous occurrence and high 
copy number in eukaryotic genomes (Morgante et al., 
1996; Al-Turki and Basahi, 2015; Yeasmin et al., 2015). 
These markers exhibit specificity of sequence tagged site 
markers, but need no sequence information for primer 
synthesis having the advantage over random markers. 
The multiple profiles generated by ISSR primers are 
highly polymorphic and as such are ideal for the study 
of genetic variability (Nkongolo et al., 2005; 
Stolpovsky et al., 2014; Rainville et al., 2017)  

The ISSR marker system offers different advantages 

compared with other molecular marker such as AFLP and 

SSR. They include: (1) No prior sequence information 

required, (2) simple and quick operation, (3) amenable to 

laboratory level, (4) high stability, (5) abundance of 

genomic information, (6) use of radioactivity is not 

required and (7) show high polymorphism (Kurane et al., 

2009). Unlike other molecular markers, ISSRs access 

variation in the numerous microsatellite regions dispersed 

throughout the various genomes. This facilitates the 

characterization of individual loci (Semagn et al., 2006; 

Mehes et al., 2007; Sharma et al., 2008; Kurane et al., 

2009; Nkongolo et al., 2014). 
There are other advantages associated with the ISSR 

multi-locus technique. ISSRs are universal in the sense 
that microsatellite repeats are found in every eukaryotic 
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genome studied to date. Longer lengths of primers 
permits the use of higher annealing temperature, which 
in turn reduces non-specific binding and results in higher 
stringency (Bornet and Branchard, 2004; Qian et al., 
2001). Finally, because each band corresponds to a 
specific DNA sequence by two inverted microsatellites 
and the amplified products usually range from 100-
2000bp long, they can be detected by both agarose 
and/or polyacrylamide gel electrophoresis (Reddy et al., 
2002; Nkongolo et al., 2014). 

Conclusion and Significance of the Results 

In the present study, there was more DNA in liver 

compared to stomach in coyote corpses preserved under the 
same conditions for over 10 years. The extraction kit 

procedure yielded more DNA than manual extraction 
procedure, but it is more expensive. Intact and fragmented 

genomic DNA was successfully amplified by PCR resulting 
in a similar profile. Artificially degraded DNA showed 

partial amplification. Hence, the ISSR marker system is 
suitable for animal population genetics when only partially 

degraded (fragmented) animal DNA is available. The 
present study shows that degraded DNA can be extracted 

from damaged tissues amplified and analyzed using a 
simple PCR profiling system such as ISSR.  
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