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Extraction of high quality DNA from bloodstains using diatoms 
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A b s t r a c t  A simple method is described for the extraction 
of high quali ty D N A  for PCR amplification. The D N A  
was extracted by using Chelex-100 ion exchange resin or 
a special cell lysis buffer containing proteinase K. For fur- 
ther purif icat ion the DNA was bound to silica in the pres- 
ence of a chaotrophic agent. Hence it is possible to un l im-  
itedly wash the bound  DNA and inhibi tory substances are 
removed. By using diatoms as a source of silicates, this 
method is very economical  and can therefore be used as a 
routine method. 
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analysis 

Introduction 

PCR amplif icat ion is increasingly gaining importance in 
forensic science. Despite the rapid development  of highly 
informative PCR systems, especially of the STRs [1,10], 
the ma in  problem in forensic stain analysis is not the am- 
plification but  the D N A  extraction. Al though sufficient 
amounts  of DNA can be obtained with the methods of ex- 
traction available, the extracted DNA is often not amplifi-  
able by PCR [6]. This problem can be attributed to D N A  
degradation products with less than 100 bp and to PCR in- 
hibitory agents that are copurified with the high molecular  
DNA. It was therefore our aim to develop a DNA extrac- 
t ion method for stains which el iminates these inhibi t ing 
factors. For this purpose we combined  the advantages of 
the simple Chelex-100 extraction method with the exel- 
lent DNA binding  capacity of silica [3,4]. 

Materials and methods 

Fresh bloodstains of FES type 11/12 were applied to 16 different 
materials: paper, timber, tree-bark, nylon, white soft tissue paper, 
green soft tissue paper, white cotton, coloured cotton, black denim, 
green cotton, imitation leather, blue wool and black silk. All these 
materials were new and were not washed prior to preparation of 
the bloodstains. Additionally a smoked cigarette and a hair from 
the same person were included in the investigation. 

The extraction of the DNA was carried out with a modified 
Chelex-100 extraction method [4, 9] or by digestion with pro- 
teinase K in a lysis buffer. 

For the Chelex-100 extraction a 1-mm 2 piece of the bloodstain 
was used. Bloodstains of the same size were incubated in 200 gl of 
lysis buffer (0.1 M NaC1, 0.02 M Tris-HC1, 0.05 M EDTA, pH 8.0, 
2.5% SDS) and 0.5 mg/ml proteinase K at 37°C for 1 h. 

For further purification of the DNA, 50 gl of the Chelex-100 
extract or of the lysis buffer/proteinase K extract was incubated 
with 900 ~tl L6-buffer (40 mM Tris-HC1, pH 6.4, 17.5 mM EDTA, 
pH 8.0, 1% Triton X-100, 40 mM guanidine(thiocyanate) and 50 
~tl 20% diatoms in 1% HC1 (Sigma) for 5 min [3]. Subsequently 
the extract was gently pushed into a mini-column (Promega) with 
a 2 ml syringe, washed the same way with 2 ml wash buffer (2.5 
mM EDTA, pH 8.0, 5 mM Tris-HC1, pH 7.5, 100 mM NaC1, 60% 
ethanol) and finally washed with 2 ml 80% ethanol. The mini-col- 
umn was then transferred to a 1.5 ml microcentrifuge tube and cen- 
trifuged for 20 s at 1200 × g to remove the ethanol. To dry the di- 
atoms completely the mini-column was incubated at room temper- 
ature for 10 min. For elution of the DNA the mini-column was 
transferred in a new micro centrifuge tube and 50 gl sterile water 
was applied. After 5 min of incubation the DNA was recovered 
from the diatoms by centrifugation and stored at 4 ° C. From the 
DNA extracted using Chelex-100, Chelex-100/diatoms or pro- 
teinase K/diatoms 2 gl were amplified using the FES-system as 
described previously [7] in a Perkin Elmer 480 DNA-Thermal-Cy- 
cler. Gel electrophoresis, silver staining and typing was carried out 
as described previously [2,7]. The extracted DNA was quantified by 
slot blot analysis as described in the protocol from Gibco-BRL. An 
aliquot of 15 gl was applied to 0.9% agarose (FMC) gel electro- 
phoresis and the DNA was visualized by ethidium bromide staining. 
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Results 

The results of analysis of DNA recovered from the 16 
substrates demonstrated that in all cases sufficient DNA 
for PCR amplif icat ion could be extracted from the 1 m m  2 
piece of the sample. The average D N A  yield from all sub- 
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Fig. 1 DNA extracted from 2 bloodstains with the proposed meth- 
ods. Lanes 1 and 2, DNA extracted with Chelex-100; lanes 3 and 
4, DNA from the two Chelex-100 extracts additionally extracted 
using diatoms. Electrophoresis has been performed at 80 V for 60 
min in 0.9% agarose gel in TBE 

strates ob t a ined  by the  ex t r ac t ion  us ing  C h e l e x - 1 0 0  was  
a p p r o x i m a t e l y  250 ng,  by  the ex t rac t ion  us ing  P ro t e inase  
K - d i a t o m s  100 ng  and by  the  ex t r ac t ion  us ing  C h e l e x - 1 0 0  
and d i a toms  o n l y  15 ng.  

Table 1 STR FES/FPS amplification of DNA derived from dif- 
ferent sources and extraction methods (+ good amplification, + - 
amplification sometimes not possible, - no amplification possible; 
for amplification and electrophoresis see "Materials and methods") 

Source Chelex- 100 Lysisbuffer- Chelex 100 
of DNA extraction proteinase- extraction 

K-extraction and diatoms 
and diatoms 
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T h e  ana lys i s  o f  the ex t rac ted  D N A  on an aga rose  gel  

s h o w e d  that  l o w  m o l e c u l a r  D N A  (< 60 bp) and h i g h  m o l -  

ecu la r  D N A  was  los t  du r ing  pu r i f i ca t i on  us ing  d i a toms  

(Fig.  1). 
As  a con t ro l  o f  a m p l i f i c a t i o n  the P C R  p roduc t s  w e r e  

t yped  by  a na t ive ,  h i g h - r e s o l u t i o n  p o l y a c r y l a m i d e  ge l  
e l ec t rophores i s .  A l l  succes s fu l ly  a m p l i f i e d  samples  c o u l d  
be  c lass i f i ed  co r rec t ly  in the sys t em F E S .  O n l y  4 2 %  o f  the  

s amples  ex t rac ted  us ing  C h e l e x - 1 0 0  w e r e  a m p l i f i e d  by  
P C R  wi thou t  p r o b l e m s ,  w h e r e a s  a P C R  amp l i f i c a t i on  
c o u l d  be  a c h i e v e d  in 82% o f  the s amp le s  ex t rac ted  us ing  

P ro t e inase  K / d i a t o m s  or  C h e l e x - 1 0 0 / d i a t o m s  (Table  1). 
T h e  2 substra tes  t r ee -ba rk  and b l ack  d e n i m  tu rned  ou t  to 
be  the m o s t  t r o u b l e s o m e  stains. F r o m  these  substra tes  w e  
w e r e  not  ab le  to ga in  amp l i f i ab l e  D N A  us ing  C h e l e x - 1 0 0  
alone.  In contras t ,  D N A  f r o m  12 o f  14 samples  f r o m  tree-  
ba rk  and 10 out  o f  14 samples  f r o m  b l ack  d e n i m  ex t rac ted  
us ing  p ro te inase  K / d i a t o m s  was  a m p l i f i e d  w i thou t  c o m -  
p l ica t ions .  W h e n  the D N A  was  ex t rac ted  us ing  C h e l e x  

100/d ia toms ,  w e  w e r e  able  to a m p l i f y  D N A  f r o m  13 out  
o f  14 samples  f r o m  both  subst ra tes  by P C R .  F o r  o the r  

S T R s  (e.g. V W A ,  T H 0 1 ,  F 1 3 B  and C D 4 )  and A M P F L P s  
( D 1 S 8 0  and Y N Z 2 2 )  we  a c h i e v e d  s imi la r  resul ts  in rou-  
t ine  use  (data  no t  shown) .  

To d e t e r m i n e  the  i n f l u e n c e  o f  the  a m o u n t  o f  ex t rac t  on  
the P C R ,  d i f fe ren t  quant i t i es  o f  C h e l e x - 1 0 0  ext rac ts  and 
ext rac ts  us ing  C h e l e x - 1 0 0  and d i a toms  w e r e  used  for  
P C R .  T h e  success  o f  P C R  a m p l i f i c a t i o n  o f  D N A  ex-  
t rac ted  wi th  the C h e l e x - 1 0 0  m e t h o d  was  s t rongly  depen -  
dent  on  the a m o u n t  o f  ex t rac t  used.  T h e  la rges t  p r opo r t i on  
o f  succes s fu l  ampl i f i ca t ions  was  a c h i e v e d  by  us ing  2 ~tl o f  
the  ex t rac t  for  P C R .  U s i n g  m o r e  o r  less  C h e l e x - 1 0 0  ex-  

T a b l e 2  Influence of extract volumes (Chelex-100 extract vs 
Chelex-100/diatoms extract from different sources) on PCR ampli- 
fication, (+ good amplification, - no amplification possible; for 
amplification and electrophoresis see "Materials and methods") 

Source of DNA Chelex Chelexdiatoms 

1 gl 2 ~tl 5 gl 1 gl 2 ~tl 5 gtl 

Cigarette + - + + Cigarette - 
Paper + + + Paper - 
Timber + - + + Timber - 
Hair + + + Hair - 
Tree bark - + - + - Tree bark - 
Nylon + + + Nylon - 
Green soft Green soft 

tissue paper + + + tissue paper - 
Soft tissue Soft tissue 

paper (white) + + + paper (white) - 
Cotton (white) + + + Cotton (white) - 
Cotton (coloured) + - + + - Cotton (coloured) - 
Black denim - + - + - Black denim - 
Cotton (green) + + + Cotton (green) - 
Cotton (black) + - + + Cotton (black) - 
Imitation leather - + + Imitation leather - 
Wool (blue) + + - + Wool (blue) - 
Silk (black) + + + Silk (black) - 

3- 

4- 

3- 

4- 

3- 

4- 

3- 

3-  

4- 

3- 

- -  ÷ 3-  4-  

3 -  + + 4-  

- -  4-  4-  + 

4- 4- 3- 4-  

- -  4-  4-  - -  

- -  + + 4-  

÷ 3- 4-  

4- + + 

4- + + 

4- 4- + 

+ + + 

+ 3- + 

3- 3- 3- 

+ 3- 4- 

3- 4- 3- 

3- 3- 3 -  
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tract for PCR the proportion of successful amplifications 
greatly decreased. In contrast the amount of DNA ex- 
tracted using diatoms exerted much less influence. Only 
the troublesome sample from tree-bark could not be am- 
plified with 5 gl of the extract (Table 2). 

Discussion 

Despite the greater loss of DNA during the extraction us- 
ing diatoms, due to the lower binding properties of the di- 
atoms for nucleotides and oligonucleotides [3], the results 
of this study showed the clear advantages of the additional 
purification of the Chelex-100 extract by diatoms. 

By means of the additional purification with diatoms, 
which leads to a removal of most inhibitory substances 
and short DNA fragments that inhibit especially the first 
cycles of PCR [8], we were able to increase the proportion 
of reproducible amplifications by PCR almost twofold 
compared to the conventional Chelex-100 extraction. The 
stains used for the DNA extraction measured only 1 mm 2 
and were therefore much smaller then those required for a 
reproducible amplification using other extraction proto- 
cols [5]. 

The better reproducibility of the amplification after the 
purification step using diatoms turned out to be due - 
among other things - to the wider range in the amount of 
extract used. The independence from the volume of ex- 
tract compared to the Chelex extraction without further 
purification can also be attributed to the lower concentra- 
tion of PCR inhibitors. 

The fact that neither proteinase K/lysis buffer extrac- 
tion nor extraction using diatoms without prior Chelex- 
100 extraction yielded amplifiable DNA shows that es- 
sentially the additional extraction of the DNA with di- 
atoms leads to the high rate of amplification by PCR. The 
best reproducible amplification was obtained using the 
combination of Chelex-100 with diatoms; this was made 
especially obvious by the amplification of extracted DNA 
from tree-bark and black denim. Although it leads to the 
lowest DNA yields, this combination offers the best re- 
producible PCR amplification. It combines the degrada- 
tion inhibiting properties of Chelex-100 [9] with the addi- 
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tional washing possible using diatoms. We could show 
that this combination is a quick, inexpensive and repro- 
ducible alternative method for DNA extraction. Espe- 
cially for difficult stains when the Chelex-100 extraction 
alone fails, it is possible to use diatoms for additional pu- 
rification. In addition, it is possible to enhance the effi- 
ciency of the PCR by combining the extraction of DNA 
using diatoms and guanidine thiocyanate with many other 
extraction protocols, e.g. that based on phenol chloro- 
form. 
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