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A B S T R A C T

Blood stained soils may be of great interest in forensic incidents. Amplification of DNA from soil is often

inhibited by co-purified contaminants. Different soils types from Pakistan and Turkey were stained with

blood and samples were collected systematically after specified intervals. Rapid, inexpensive, large-scale

DNA extraction method involving minimal purification was developed. DNA was quantized using

Spectrophotometer and Fluorometer and was confirmed by Agarose Gel Electrophoresis. DNA extracted

from different soils in different periods showed a remarkable decrease in yield as well as degradation in

every extraction. PCR amplification was performed using various DNA targets present in Promega 16

Powerplex1 System kit. Amplification could not carry out in all loci especially in degraded samples taken

after 20 days. Allele n locus drop out was noticed which shows that DNA was degraded. For some loci

more than 2 alleles were also noticed showing contamination while working with the blood stained soils.
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1. Introduction

Soil can provide important information to criminal investiga-
tions as transfer evidence because many criminal cases take place
under circumstances such that soil transfers to a criminal or victim
[1]. Thus soil can be a good source of evidence especially in murder
cases when it is stained with blood. Blood stained soil samples can
be obtained after some incident. The availability of the samples
from such cases and places is directly affected by soil pH, soils
color, nutrients, humus and microorganism present in the soil [2].
The present study aims to reveal the importance of soil as forensic
evidence. The organic comparison of soils demonstrates the
different types of soils, ability of soils to capture DNA, effect of
soils on amounts of DNA with time, purity and degradation. PCR
results and allele drop out are the main focus of this study.

2. Materials and methods

Soil that can be found at crime scene were selected (garden,
constructed building or area, graveyard and bank of the canal or
river) and stained with blood. Soils conditions like color and pH
were noted before staining with blood. Blood (250 ml) was taken
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from a volunteer and sprayed on four soils in the same day.
Negative samples of the soils were taken before staining it with
blood. The sampling was planned to be done after a specified
period of time, i.e. 1st, 5th, 10th, 20th, 30th and 60th day. The
samples were stored at 4 8C after collection. Kestle Mayer test [3]
was performed as a presumptive test for the presence of blood.

HOOH þ Fe3þ½heme� ! Fe4þ¼O½heme� þ OH � þHþ

DNA extraction was performed by modifying Phenol, Chloro-
form, Isoamyl Alcohol [4], Sodium Citrate, Sodium Chloride [5] and
0.9% Sodium Chloride [6] modified using incubation and Proteinase
K and Chelex [7] method. The extraction was done by all the
methods and after comparing the amounts and purity of DNA, 0.9%
extraction method was selected.

Soil samples were taken in 2 ml centrifuge tube, mixed well
with 0.9% Sodium Chloride solution and vortexed. Samples
incubated at 60 8C for 2 h so that blood in soil samples mixes
with solution. Samples were taken from the incubator, upper phase
was taken and repeated 2–3 times, centrifuged at 14,000 rpm for
4 min. The upper phase was decanted and the lower layer
contained pellet was continued to process. 1 ml 70% ethanol
was added in the tube, vortexed and centrifuged at 14,000 rpm for
5 min. The tube was air dried and after that 100 ml TE buffer was
added. Samples were incubated stored at 4 8C. Modification in the
procedure was also done after step 3, Proteinase K was added along
with 0.6 M Sodium Acetate and 20% SDS solution and was
incubated overnight. Normal procedure was applied after this
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Fig. 1. Reduction in yield of DNA taken after a specified period of time.
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step. The quantity of the extracted DNA in the TE solution was
estimated by the following methods: Spectrophotometer, Fluo-
rometer and Yield Gel Electrophoresis. Purification was performed
in centricons. Reaction volume was 25 ml. 0.5–1 ng DNA was used
for amplification. PCR conditions were: 95 8C for 11 min followed
by 96 8C for 1 min, 32 cycles at 94, 60 and 70 8C for 30, 30 and 40 s
respectively. Final extension was done at 60 8C for 30 min. The
results were obtained and evaluated using AB GeneScan Analysis
software 3.1.2.

3. Results and discussions

Soils from four different places were stained with blood and
collected after specified period. Results of the Kestle Mayer test
show the presence of blood in soil samples. DNA extraction
procedures were optimized and validated for blood stained soil
samples. 0.9% Sodium Chloride method was found good as not only
high quality DNA was obtained but extraction was also possible for
longer period compared to other techniques. Samples that have
been obtained in the early days showed a great reduction in the
first phase but it was noticed that the quality of DNA was good. But
with time, quality as well as quantity was reduced prominently.
Fig. 1 shows the decreasing trend of DNA yield with time.
Reduction was noticed in canal bank soil from Pakistan. In the
beginning the high yields were obtained from garden and canal
bank soils compared to other soil. But in the 2nd collection, there
was a great downfall in yield. In the soils having low water content,
humus and microorganism community, the yield was also low
than before. Turkish graveyard soil showed maximum reduction,
suggesting the presence of microorganisms due to humid weather.

It was noticed after analyzing results on genetic analyser 310
using Genscam software that amplifications in the earlier days
were better and peak height shape and there was no allele drop
out. For example, in day 1 the amplification is good and genotypes
were obtained. In 5th and 10th day samples there was no allele
drop out but the peaks were low compared to the previous samples
in the same PCR conditions. This may be due to the degradation of
DNA due to exposure of samples to natural environment. The
samples after 20th and 30th day were having stutters and low
peaks and 1–2 and 2–4 alleles were not present respectively
showing allele drop out due to low amplification, due to
contamination and low copy number of DNA. The contamination
was also noticed in those samples. The last collection of samples
was really difficult to amplify as there was lot of contamination,
stutters and low peaks were the main issues affecting amplifica-
tion. Locus and allele drop out were observed and genotypes were
not obtained fully. The samples obtained after 30 days were having
very low DNA amount and steaky bands were seen on agarose gel.
While extracting the DNA from soils, the contaminated DNA from
microorganism is a common problem. PCR was performed from the
DNA obtained after different intervals. 16 Powerplex1 kit by
Promega was used. The intense optimization was done on the kit
reagents as the results could not be obtained by the given
conditions. After optimization, results of the PCR on AB310 genetic
analyzers show clearly the effect of soils and time periods on
degrading DNA. The genotypes were not fully obtained as there
was an allele drop out in the samples after 30 days. In some
samples 3 alleles were missed while in some it reached up to 8.
Only 8 loci were amplified using Promega 16 Powerplex1 kit. The
16 loci were amplifiable with the samples obtained in the
beginning. There is a need to compare the Promega’s allele drop
out results with some other kit so as to understand the power of
amplification of the kits. The degraded samples could not be typed
due to the low copy number of DNA present in the extracted
sample. SNP analysis may be good for highly degraded samples
from blood mixed soils.
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