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Summary. A simple, practical  approach  for  the extrac- 
t ion of  PCR-ampl i f iable  D N A  for the H L A - D Q a  gene 
f rom bloodstains  deposi ted  on various substrates is de- 
scribed. D N A  f rom bloodstains  is purified using Chelex 
100 ion-exchange resin and then amplified. If  amplifica- 
t ion is not  achieved,  the extract  is washed th rough  a 
Cent r icon 100 dialysis/concentrat ion tube.  If  the second 
amplif icat ion of  this extract  produces  a negative result, 
the extract is processed with Chelex 100 again. This ap- 
p roach  has been  found  to be reliable, safe, efficient and 
economical .  
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Zusammenfassung. Eine einfache D N A - E x t r a k t i o n s m e -  
thode  zur  direkten Ampl i f ika t ion  des H L A - D Q a - L o c u s  
aus auf  verschiedenen Spurentr~igern angelegten Blut- 
spuren wird beschrieben.  Die Ext rak t ion  erfolgt mittels 
des Chelatbi ldners  Chelex 100. Ist  die Ampli f ikat ion in- 
hibiert,  wird das Ext rak t  in Cent r icon 100 Mikrokonzen-  
t r a to r -R6hrchen  dialysiert. Bleibt auch eine zweite A m -  
plifikation negativ,  erfolgt eine erneute  Reinigung mit- 
tels Chelex 100. Diese  Vorgangsweise  erwies sich als ef- 
fizient, zuverl~issig und prakt ikabel .  

Schliisselw6rter: Polymerase  chain react ion (PCR)  - 
H L A - D Q a  - D N A - E x t r a k t i o n  

Introduction 

In  order  for  P C R  amplif icat ion to succeed on D N A  ex- 
t racted f rom forensic bloodstains,  inhibi tory substances 
that  might  co-purify with D N A  must  be r em oved  [1]. 
The  choice of  extract ion method(s )  can impact  on  the 
ability to achieve amplification and,  ult imately,  the suc- 
cess of  dot  blot  typing of  the H L A - D Q a  gene [2]. 

This paper  describes the results of  P C R  amplif icat ion 
and dot  blot typing of  the H L A - D Q a  gene f rom D N A  
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recovered  using the Chelex and Centr icon extract ion 
methods  on replicate bloodstains  deposi ted on a variety 
of  substrates.  A practical approach  for  the rout ine ex- 
traction of  D N A  from forensic bloodstains for P C R  anal- 
ysis is suggested. 

Materials and methods 

Sample preparation. Replicate 50-gl bloodstains of HLA-DQa 
type 1.1,4 were deposited as described by Comey et al. [3] on 16 
different materials: scrapings from glass, terrycloth, filter paper, 
cotton backing from oilcloth, knit backing from vinyl upholstery, 
cotton sheeting, acrylic sweater, nylon stocking, cotton weave, 
corduroy, brown paper, suede leather, cotton upholstery, cotton 
sweatshirt, white denim and blue denim. The fabrics were new and 
were not washed in the laboratory prior to preparation of the 
bloodstains. 

Extraction. Duplicate stains from each substrate were subjected to 
modified Chelex [4] or Centricon [5] extraction methods as fol- 
lows. For the Chelex extraction, a 3 mm × 3 mm size cutting of the 
bloodstain in 200 gl 5% Chelex (w/v) was incubated at 56°C for 
30rain to overnight, depending on the nature of the substrate. 
Subsequently, the extract was vortexed for 10 s, boiled in a water- 
bath for 8 min, vortexed again for 10 s, and centrifuged in a micro- 
centrifuge 235C (Fisher Scientific) for 3 min. 

Briefly, the Centricon extraction entails placing a I cm × i cm 
size cutting of the bloodstain through an organic extraction with 
phenol/chloroform/isoamyl alcohol (25: 24:1) as described by Bu- 
dowle et al. [6]. The aqueous phase of this extract was subjected to 
a second extraction with a 250 gl aliquot of phenol/chloroform/iso- 
amyl alcohol and to a third extraction with the same volume of 
water-saturated n-butanol. The aqueous phase was then transferred 
to a Centricon 100 tube containing 1.5ml of a soution containing 
10raM TRIS and 0.1M EDTA, pH 7.5 (TE buffer). The Centri- 
con tubes are centrifuged at 4000 rpm for 20 min in an IEC Clinical 
Centrifuge (Fisher Scientific). Fresh TE buffer (2 ml) is then added 
and the centrifugation is repeated (this constitutes a "wash"). This 
wash process is repeated three times. The extract is collected by in- 
verting the Centricon tube on the retentate cup and centrifuging it 
in the IEC Centrifuge at 1200 rpm for 5 min. 

A sequential extraction method using Chelex, followed by the 
Centricon approach (Chelex/Centricon) was performed on six 
selected substrates by placing the Chelex extract of the bloodstain 
(3 mm x 3 ram) into a Centricon 100 tube containing 2 ml TE buf- 
fer. The wash procedure described above was performed three 
times and the retentate was collected. 
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A sequential extraction method using Centricon first followed 
by the Chelex approach (Centricon/Chelex) was performed on 
eight selected substrates by subjecting the Centricon retentate of a 
stain (1 cm x 1 cm) to a Chelex extraction. 

A sequential extraction procedure (Chelex/Centricon/Chelex) 
was performed on one substrate by subjecting the Centricon reten- 
tate of the Chelex/Centricon processed stain to an additional Chelex 
extraction. 

The DNA recovered from the stains extracted by the Centricon 
and Chelex methods was quantified by slot blot analysis as de- 
scribed by Waye et al. [7]. For the Centricon extracts, 2gl of each 
20-gl retentate was used for the slot blot and for the Chelex ex- 
tracts, 20 gl of each 200-gl extract was used. 

Amplification and hybridization. The extracted DNA was amplified 
and typed using the reverse dot blot format of the Amplitype DQc~ 
Kit (Cetus; Saiki et al. [8]). The volumes of extractants used for 
amplification were based solely on the recommended volumes of 
the individual protocols at the time each portion of the study was 
conducted and were independent of the quantity of DNA present 
in the samples. In the case of the sequential extraction procedures, 
the volume of extractant used for amplification was the recom- 
mended volume of the final extraction protocol. These volumes 
were as follows: 20 gl each of the Chelex extractant, the Centricon] 
Chelex, and the Chelex/Centricon/Chelex extracts; 5 gl of the Cen- 
tricon extracts; and 2 gl of the Chelex/Centricon extracts. 
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Table 1. Estimated total DNA recovery (ng) per sample (nor- 
malized for cutting size based on 3 mm x 3 ram) 

Substrate Extraction methods 

Chelex Centricon 

White denim 600 225 
Blue denim 400 90 
Sweatshirt 600 225 
Nylon stocking 1000 90 
Sweater 600 108 
Cotton sheeting 600 90 
Cotton upholstery 200 135 
Cotton weave 600 135 
Knit back from vinyl 400 90 
Corduroy 1000 90 
Brown paper 400 7.2 
Suede 1000 13.5 
Cotton back from oilcloth 800 54 
Filter paper 600 13.5 
Terrycloth 600 135 
Scrapings 600 135 

Results and discussion 

Slot b lo t  resul ts  of  the  D N A  recove red  by  the Chelex  and 
Cen t r i con  ex t rac t ion  m e t h o d s  used  on b loods t a in s  f rom 
the  16 subs t ra tes  are  shown in Fig.  1. A s  the  cut t ing sizes 
r e q u i r e d  for  the  two p ro toco l s  vary ,  the  e s t i m a t e d  to ta l  
D N A  recove ry  in n a n o g r a m s  for  the  Cen t r i con  m e t h o d  
has b e e n  no rma l i zed  to  a 3 m m  × 3 m m  cut t ing for  each  
sample .  These  da ta  a re  shown in T a b l e  1 and  d e m o n -  
s t ra te  tha t  suff icient  D N A  for  ampl i f i ca t ion  and typ ing  
pu rposes  was r e c o v e r e d  f rom all extracts .  H o w e v e r ,  the  
average  D N A  yie ld  for  all the  subs t ra tes  by  the  Che lex  
ex t rac t ion  m e t h o d  is 625 ng, whi le  tha t  of  the  Cen t r i con  
p r o c e d u r e  is 102 ng. T h r e e  benef i t s  a re  r ea l i zed  with the  
use  of  the  Che lex  ex t rac t ion  technique :  a 6-fold inc rease  
in ex t rac t ion  eff iciency,  the  use o f  no  o rgan ic  solvents  
and  the  e x p e n d i t u r e  o f  less ana lys t  t ime  and  effort .  

The  e s t ima ted  quan t i ty  of  D N A  used  for  ampl i f ica-  
t ion for  each  subs t r a t e  p roces sed  by  the  Che lex  or  the  

Table 2. Estimated quantity (ng) of DNA which was amplified per 
sample 

Substrate Extraction methods 

Chelex Centricon 

White denim 60 56 
Blue denim 40 22.5 
Sweatshirt 60 56 
Nylon stocking 100 22.5 
Sweater 60 27 
Cotton sheeting 60 22.5 
Cotton upholstery 20 34 
Cotton weave 60 34 
Knit back from vinyl 40 22.5 
Corduroy 100 22.5 
Brown paper 40 1.8 
Suede 100 3.4 
Cotton back from oilcloth 80 13.5 
Filter paper 60 3.4 
Terrycloth 60 34 
Scrapings 60 34 

Fig. 1. Autoradiograph of slot blot to determine recovery of human 
DNA from Chelex and Centricon extracts of bloodstains deposited 
on various substrates 

Cen t r i con  ex t rac t ion  m e t h o d s  is shown in Tab le  2. A m -  
pl i f ica t ion  was c o n d u c t e d  on the  r e c o m m e n d e d  v o l u m e  
of  ex t rac t  for  each  ex t rac t ion  p r o t o c o l  i r respec t ive  of  the  
quan t i ty  of  D N A  r e c o v e r e d  f rom the  sample .  

The  ampl i f i ca t ion  and  typ ing  resul ts  for  the  H L A -  
DQ(~ gene  f rom the D N A  r e c o v e r e d  by  bo th  ex t rac t ion  
m e t h o d s  for  each  subs t r a t e  t o g e t h e r  wi th  the  resul ts  of  
the  c o m b i n e d  m e t h o d s  p e r f o r m e d  on  the  se lec ted  sub- 
s t ra tes  a re  l is ted in T a b l e  3. In  all s amples  wi th  pos i t ive  
resul ts ,  the  H L A - D Q a  1.1,4 was t y p e d  correc t ly .  

Posi t ive  typing  resul ts  were  o b t a i n e d  f rom the  Cent r i -  
con ext racts  f rom nine  subs t ra tes ,  wi th  one  be ing  weak .  
H e m a t i n  has been  sugges ted  by  deFranch i s  [91 and Walsh  
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Table 3. Amplification and typing results for the HLA-DQa gene 
from DNA extracted from bloodstains deposited on 16 substrates 

Substrate Extraction methods 

Ch Ce Ch/Ce/ Ch/Ce Ce/Ch 
Ch 

White denim - - + - + 
Blue denim - - ND + - 
Sweatshirt - + ND + ND 
Nylon stocking WK + ND + ND 
Sweater WK + ND + ND 
Cotton sheeting WK + ND + ND 
Cotton upholstery + - ND ND - 
Cotton weave + - ND ND - 
Knit back from vinyl + WK ND ND + 
Corduroy + - ND ND + 
Brown paper + - ND ND + 
Suede + - ND ND + 
Cotton back from 

oilcloth + + ND ND ND 
Filter paper + + ND ND ND 
Terrycloth + + ND ND ND 
Scrapings + + ND ND ND 

Ch: Chelex extraction method; Ce: Centricon extraction method; 
Ch/Ce/Ch: Triple extraction - Chelex + Centricon + Chelex; Ch/ 
Ce: Dual extraction -Chelex + Centricon; Ce/Ch: Dual extrac- 
tion - Centricon + Chelex; WK: Weak; ND: Not done 

et al. [10] to inhibit PCR amplification of D N A  extra- 
cted f rom bloodstains. The removal  of hematin should 
be accomplished by passing the aqueous phase of an or- 
ganic extraction through a Centricon 100 tube. How- 
ever, D N A  extracted f rom the stains deposited on the 
cotton upholstery, blue and white denim, cotton weave,  
corduroy, brown paper  and suede leather did not amplify 
or type. 

It is recognized that quantity of D N A  template  may 
affect successful amplification and that 2 ng D N A  is the 
recommended  threshold quantity for the Ampli type kit. 
However ,  the results of this study show that the quantity 
of sample D N A  is not always directly related to the suc- 
cess of amplification. For  example,  amplification was 
per formed on approximately 34 ng D N A  extracted f rom 
the scrapings, terrycloth, cotton upholstery and cotton 
weave. Positive results were obtained form the D N A  
isolated f rom the scrapings and terrycloth, while amplifi- 
cation of the D N A  extracted f rom the cotton upholstery 
and cotton weave produced negative results. 

The use of Chelex [11], an ion-exchange resin, has 
been suggested as a simple approach for the extraction 
of D N A  from a small number  of cells for PCR amplifica- 
tion and typing [12] by removing polyvalent iron cations 
associated with hematin.  With the use of Chelex, ampli- 
fication and typing were obtained for D N A  derived from 
the majority of substrates tested with the exception of 
the sweatshirt and the blue and white denim fabrics. The 
negative amplification results obtained f rom the D N A  
isolated f rom these substrates does not appear  to be sol- 
ely a function of quantity for two reasons: other  samples 

produced positive results with similar or smaller quan- 
tities of D N A ,  and the amount  of template  D N A  used 
for amplification was 20- to 30-fold greater  than the re- 
commended  threshold for the test. 

A positive typing result was obtained from D N A  iso- 
lated f rom the sweatshirt by the Centricon method while 
the D N A  isolated by the Chelex method yielded a nega- 
tive result. Subsequently, the Chelex extract was washed 
through a Centricon 100 tube and positive amplification 
and typing results were obtained. 

D N A  extracted by either the Chelex or the Centricon 
methods from the blue and white denim did not amplify 
or type. The Chelex extracts were washed through Cen- 
tricon 100 tubes and the Centricon extracts were pro- 
cessed with Chelex. The D N A  in the Chelex extract 
f rom the blue denim, when washed through a Centricon 
100 tube, amplified and typed correctly while there was 
no amplification with the Centricon/Chelex approach.  
Conversely, the D N A  in the Centricon extract f rom the 
white denim amplified and typed when processed with 
Chelex. The Chelex extract f rom the white denim did 
not amplify or type when washed through a Centricon 
100 tube. However ,  when this Centricon retentate  was 
processed subsequently with Chelex again (ChelerdCen- 
tricon/Chelex), typing results were obtained. 

These results suggest that substances which inhibit 
amplification and typing of H L A - D Q a  could be extracted 
f rom the fabrics and, thus, co-purify with the DNA.  
Mark  et al. [13] and Grayson [14] have detailed the 
numerous water-soluble compounds,  both inorganic and 
organic, that are used in the manufacture of fibers and 
textiles. It  may be necessary to remove some of these or- 
ganic and inorganic substances f rom D N A  extracts in 
order to obtain amplification. The Chelex and Centricon 
approaches,  when used in tandem, appear  to achieve 
this goal. 

The amplification and typing results of the D N A  iso- 
lated by the sequential extraction methods also suggest 
that the order in which the Chelex and Centricon tech- 
niques are used can have an impact upon obtaining re- 
sults. However ,  the initial use of a Chelex extraction on 
those substrates that amplify and type with the Centri- 
con/Chelex format  produces no adverse effects. 

The most  practical and efficient approach to the ex- 
traction of D N A  from bloodstains for PCR is to process 
the stain with Chelex and amplify the extracted DNA.  If  
a negative result is obtained, the Chelex extract can then 
be washed through a Centricon 100 tube with TE prior 
to re-amplification of the extract. In the instances in 
which the second amplification produces a negative re- 
sult, the Centricon extract may be processed again with 
Chelex and another attempt at amplification can be made. 

In conclusion, this protocol  is the first to attain the 
most  desirable features of two extraction methodologies;  
safety, economy, efficiency and success. The elimination 
of the use of organic solvents increases safety. It is eco- 
nomical: Chelex is inexpensive (less than $ 0.01 per  ex- 
traction) and Centricon 100 tubes (approximately $ 3.00 
each) need only be used on selected samples. This ap- 
proach is efficient since the entire triple extraction, am- 
plification and typing scheme may be accomplished with- 
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in 2 - 3  days.  Successful  use of  this p r o c e d u r e  has b e e n  
d e m o n s t r a t e d  on the  va r ie ty  of  subs t ra tes  desc r ibed  in 
this s tudy as wel l  as for  p r e l i m i n a r y  da t a  on  D N A  de- 
r ived  f rom chewing gum,  c igare t te  but t s ,  enve lopes  and 
s t amps  (manuscr ip t s  in p r epa ra t i on ) .  
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