
Int J Leg Med (1993) 105 : 315-320 International Journal of 

Legal Medicine 
© Springer-Verlag 1993 

Forensic validation of the STR systems SE 33 and T C l l  

P. Wiegand 1, B.  Budowle  2, S. Rand 1, and B.  Brinkmann 1 

l Institute of Legal Medicine, Westf~ilische-Wilhelms-Universitfit, Von-Esmarch-Strasse 86, W-4400 Mfinster, Germany 
2Forensic Science Research and Training Centre, FBI Academy, Quantico, VA 22135, USA 

Received September 16, 1992 / Received in revised form November 16, 1992 

Summary.  P o p u l a t i o n  s tudies  on  Caucas ians  f rom nor th -  
west  G e r m a n y  were  ca r r i ed  out  using the  shor t  t a n d e m  
repea t  (STR)  systems SE 33 (Locus:  A C T B P 2 )  and T C l l  
(Locus:  11p15.5).  A f t e r  e l ec t rophores i s  in P A G 2 6  al- 
leles cou ld  be  iden t i f i ed  for  SE  33 in a sampl  e size of  180 
u n r e l a t e d  ind iv idua ls  and  6 al leles  were  found  for  T C  11 
in 110 individuals .  The  c o m b i n e d  m e a n  exclus ion  chance  
for  bo th  sys tems was 0.96 and  the d i sc r imina t ion  index  
0.999. No  signif icant  dev ia t ions  f rom H a r d y - W e i n b e r g  
equ i l ib r ium could  be  d e m o n s t r a t e d .  In  a smal l  s amp le  of  
famil ies  ( S E 3 3  - n = 21; TC11  - n = 30) no new muta -  
t ions cou ld  be  found.  Pos i t ive  and  r e p r o d u c i b l e  resul ts  
for  bo th  STRs  could  be  o b t a i n e d  f rom 50pg  t e m p l a t e  
D N A .  

Key words: Shor t  t a n d e m  r epea t s  - SE 33 - T C  11 - Fo-  
rens ic  va l ida t ion  - P o p u l a t i o n  s tudies  

Z u s a m m e n f a s s u n g .  P o p u l a t i o n s s t i c h p r o b e n  n o r d w e s t -  
deu t sche r  K a u k a s i e r  w u r d e n  mi t  den  b e i d e n  Shor t  tan-  
d e m  r e p e a t  ( S T R ) - S y s t e m e n  S E 3 3  (Locus:  A C T B P 2 )  
and  T C l l  (Locus:  11p15.5) un te rsuch t .  Nach  e lek t ro -  
pho re t i s che r  A u f t r e n n u n g  in P A G  k o n n t e n  26 A l l e l e  ftir 
S E 3 3  in e ine r  Bev61kerungss t i chprobe  von 180 nicht  
v e r w a n d t e n  P e r s o n e n  und  6 A l l e l e  for  T C  11 in e ine r  
S t i chp robe  yon  110 Ind iv iduen  d i f fe renz ie r t  w e rde n .  
D e r  r e su l t i e r ende  k o m b i n i e r t e  A V A C H - W e r t  fiir b e i d e  
Sys teme lag bei  0.96, der  en t sp rechende  Diskr imina t ions -  
i ndex  be i  0.999. E i n e  s ign i f ikan te  A b w e i c h u n g  v o m  
H a r d y - W e i n b e r g - G l e i c h g e w i c h t  w u r d e  nicht  fes tgestel l t .  
E r s t e  F a m i l i e n s t u d i e n  (SE 33 - n = 2 1 ; T C  11 - n = 30) 
gaben  ke inen  Hinwei s  auf  N e u m u t a t i o n .  D ie  Nachweis -  
sensitivit~it b e i d e r  S T R ' s  lag im Bere i ch  von 50 pg tem-  
p la te  D N A .  

Schliisselw6rter: Shor t  t a n d e m  r epea t s  - T C  11 - SE  33 - 
Fo rens i s che  Va l id i e rung  - P o p u l a t i o n s s t u d i e n  

Introduction 

The  first g e n e r a t i o n  of  P C R - V N T R  systems r e l evan t  to 
the  forens ic  f ield,  i .e .  the  A m p F L P - s y s t e m s ,  were  in t ro-  
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duced  only  a p p r o x i m a t e l y  one  yea r  ago ( B u d o w l e  et  al. 
1991; R a n d  et  al. 1992; Sa jan t i la  et  al. 1992). A second  
gene ra t ion ,  the  shor t  t a n d e m  r e pe a t s  (STRs)  a re  charac-  
t e r ized  by  r e p e a t  lengths  of  3 or  4 bp  and  al le le  f r a g m e n t  
l eng ths  va ry ing  b e t w e e n  1 5 0 - 3 5 0 b p  ( E d w a r d s  et  al.  
1992; P o l y m e r o p o u l o s  et  al. 1992). The  a im of  this inves-  
t iga t ion  was an eva lua t ion  of  the  po t en t i a l  forens ic  ut i l i ty  
of the  S T R  system SE 33 ( repea t :  A A A G ;  P o l y m e r o p o u -  
los et  al. 1992) and  T C  11 ( H U M T H 0 1 ,  r epea t :  A A T G ;  
E d w a r d s  et  al. 1992). 

Materials and methods  

Blood samples were obtained from healthy unrelated Caucasians 
in the Mtinster area. DNA extraction was performed as previously 
described (Brinkmann et al. 1991). 

The concentration of DNA was measured fluorimetrically and 
the degree of degradation of the DNA was assessed by electro- 
phoretical separation in a 1% agarose gel by comparison with 
known standards (DRIgest III, Pharmacia). 

PCR protocol: i ng template DNA; 1 U Taq polymerase (Promega, 
USA) 0.3 ~tM each primer, 100 gM of each nucleotide, 2 gl buffer 
(Promega) diluted to a total volume of 25 gl with distilled water. 
The reaction mixture was overlayed with 2-3 drops of oil. 

Primer sequences 
SE 33 (Polymeropoulos et al. 1992) 
5' - AAT CTG GGC GAC AAG AGT GA - 3' 
5' - ACA TCT CCC CTA CCG CTA TA - 3' 

TC11 (Edwards et al. 1992) 
5' - GTG GGC TGA A A A  GCT CCC GAT TAT - 3' 
5' - ATT CAA AGG GTA TCT GGG CTC TGG - 3' 

Amplification conditions 
SE33: 93°C - lmin,  61°C - lmin,  72°C - 1.5min; 28 cycles 

(Thermocycler: Biometra, Triothermoblock, FRG) 
TC11: 1) 94°C - 20s, 64°C - 20s 

70°C - 60s; 10 cycles 
2) 90 ° - 20 s, 64°C - 20 s 

70°C - 60 s; 20 cycles 
(Thermocycler: Perkin Elmer Cetus 9600) 

Gels. Polyacrylamide (SE33: 5% T, 3% C - TC11: 6% T, 3% C - 
750 gm), piperazine diacrylamide as cross-linker, 80mM formate; 
18 cm separation distance, 2% agarose plugs, 28 mM CHES (Allen 
et al. 1989). 

Electrophoresis. Initial 1000V, 40mA and 3 W with ramping every 
10min up to 15 W which was continued until the bromophenol 
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Fig. la, b. Comparison of the allele frequencies 
from this study and USA (Edwards et al. 1992) 
for TC 11 (a) and SE 33 (h) - (Polymeropoulos 
et al. 1992) 

blue marker front had reached the anode. Bands were visualized 
by silver staining (Budowle et al. 1991). 

Assignment of alleles. In the initial phase of this investigation for 
both systems we used preliminary allelic ladders consisting of hu- 
man alleles. The smallest allele in the SE 33 cocktail was therefore 
arbitrarily designated 11 and the others numbered upwards con- 
secutively towards the cathode, taking into consideration the re- 
peat sizes of 4bp (see Fig. 3), while for TC11 the smallest allele 
was designated 6 as suggested by Edwards et al. (1992). 

Results 

A total of 26 discrete alleles was observed for SE 33 and 
6 for T C l l  (Fig. lb ,  Table 1). Both systems demonstrated 
a highly polymorphic allele distribution leading to a high 
forensic efficiency (Fig. 2a, b; Table 2). Hardy-Weinberg 
equilibrium was tested for SE 33 by the formation of 
groups of alleles (Rand et al. 1992) and for T C l l  using 

the individual alleles. No significant deviations were  
found in either system (Table 3; observed phenotypes 
see Table 4). 

Family studies 

Families which had been validated serologically and by 
RFLP analyses were also tested using both STRs. A 
total of 21 families (54 meioses) were tested with SE 33 
and 30 families (76 meioses) with T C ] I .  The segrega- 
tions followed Mendelian inheritance and no new muta- 
tion was observed using the described electrophoresis 
system (see Materials and methods).  

Sensitivity and DNA quality 

In dilution studies, using cell line D N A  (K 562, Promega) 
the limit of detection for both  systems was approx. 100 
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T a b l e  1. Frequency values for SE 33 and TC 11 (see Fig. la ,  b) 

SE 33 TC 11 

Allele FRG USA Allele FRG USA 

11 0.019 - 

12 0.019 - 

13 0.033 0.01 
14 0.022 0.05 

15 0.050 0.05 

16 0.072 0.04 

17 0.053 0.02 

18 O.058 0.06 

19 0.025 0.14 

20 0.042 0.04 

21 0.008 0.01 

22 0.025 0.03 

23 0.017 0.04 

24 0.050 0.03 

25 0.031 0.03 

26 0.036 0.04 

27 0.033 0.03 

28 0.083 0.09 

29 0.058 0.09 

30 0.092 0.10 

31 0.044 0.05 

32 0.047 0.04 

33 0.022 0.01 

34 0.044 - 

35 0.003 - 

36 0.011 - 

6 0.207 0.262 

7 0.180 0.088 
8 0.126 0.113 

9 0.171 0.162 

10 0.302 0.362 

11 0.014 0.013 

T a b l e  2. Mean exclusion chance (Krtiger et al. 1968"), discrimina- 
tion index DI (Sensabaugh 1982) and heterozygosity - H for 
SE33 and TC11 

Mean excl. DI Heterozy. 
chance 

SE 33 0.89 0.99 0.93 

TC11 0.59 0.91 0.73 

Comb. 0.96 1:103 

* Mean exclusion chance W =  ~p3(1-pi);+ }~pi(1-pi)3+ Y~PiPj 
i i i < j  

(Pi +pj)(1-pi 2 - pj) where pi, pj = corresponding gene frequencies 
of the alleles Ai and Aj 

pg  (Fig .  4). B y  i n c r e a s i n g  t h e  a m p l i f i c a t i o n  by  2 cycles ,  a 
f u r t h e r  r e d u c t i o n  d o w n  to  50 pg  c o u l d  b e  a c h i e v e d  wi th -  
ou t  a f fec t ing  the  qua l i ty  o f  t he  resul t s  ( resul ts  n o t  shown) .  
- H e a v i l y  d e g r a d e d  D N A  was  o b t a i n e d  f r o m  2 sources :  
(a) 12 e x p e r i m e n t a l  s ta ins  e x p o s e d  to  d i f f e r e n t  ag ing  
c o n d i t i o n s  wi th  r e g a r d s  to  t i m e  and  t e m p e r a t u r e ,  (b) case  
w o r k  s ta ins  ( fo r  e x a m p l e  see  Fig .  5).  - I n  b o t h  se r ies  t h e  
D N A  was  s e v e r e l y  d e g r a d e d  ( g e n e r a l l y  less  t h a n  1000 bp  
in l eng th )  so tha t  t y p i n g  us ing  t h e  R F L P  and  A m p F L P  
sys t ems  g a v e  n e g a t i v e  resu l t s .  H o w e v e r ,  w i t h  S E  33 and  
T C 1 1 ,  all  s ta ins  w e r e  t y p e a b l e  ( f u r t h e r  e x a m p l e s  see  
B r i n k m a n n  1992). 
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T a b l e  3.  Chi2-test to test for deviations from Hardy-Weinberg 
equilibrium for TC 11 (6 alleles) and SE 33 (4-allele-group-model; 
according to Rand et al. 1992) 

Alleles 6 Alleles 4-Allele-model 
(groups) 

I Allele 1 

II Allele 2 

III Allele 3 

IV Allele 4 

V Allele 5 

VI Allele 6 

Allele 1-  7 

Allele 8-15 

Allele 16-20 

Allele 21-26 

Chi 2 23.98 1.42 

P 0.2-0.3 (df= 20) 0.999-0.995 (df= 9) 

T a b l e  4. Phenotype frequencies for TC11 (n = 110 ind.) and SE 33 
(n = 180 ind.) 

Phenotype Obs. alleles Frequency 

TCll phenotypes (obs. in n = 110 ind.) 

6/ 6 6 0.054 
6/ 7 7 0.063 
6/ 8 9 0.081 
6/ 9 7 0.063 
6/10 11 0.099 
6/11 0 0 

7/ 7 4 0.036 
7/ 8 3 0.027 
7/ 9 1 0.009 
7/10 19 0.171 
7/11 2 0.018 

8/ 8 2 0 .018 
8/ 9 6 0.054 
8/10 6 0.054 
8/11 0 0 

9/ 9 8 0.072 
9/10 8 0.072 
9/11 0 0 

10/10 10 0.09 
10/11 1 0.009 

11/11 0 0 

SE33phenotypes (obs. in n = 180 ind.) 

11/16 2 0.011 
11/14 1 0.006 
11/18 1 0.006 
11/20 1 0.006 
11/22 2 0.011 

12/15 2 0.011 
12/18 1 0.006 
12/20 2 0.011 
12/30 1 0.006 

13/15 1 0.006 
13/20 1 0.006 
13/24 2 0.011 
13/25 2 0.011 
13/29 1 0.006 
13/30 5 0.028 
13/32 1 0.006 
13/34 1 0.006 
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Table 4 (continued) 

Phenotype Obs. alleles Frequency 

14/16 1 
14/17 1 
14/22 1 
14/28 1 
14/30 2 
14/31 2 

15/17 1 
15/18 1 
15/25 1 
15/26 1 
15/28 2 
15/29 2 
15/31 3 
15/32 1 
15/36 1 

16/16 2 
16/18 1 
16/20 1 
16/22 2 
16/23 1 
16/25 2 
16/28 4 
16/29 1 
16/30 2 
16/31 2 
16/33 1 
16/34 2 

17/18 3 
17/20 3 
17/23 1 
17/25 1 
17/26 1 
17/27 3 
17/28 1 
17/30 2 
17/32 1 
17/34 1 

18/19 1 
18/20 2 
18/22 1 
18/29 3 
18/30 1 
18/32 3 
18/34 1 

19/22 i 
19/25 1 
19/28 1 
19/29 2 
19/30 2 
19/34 1 

20/24 2 
20/26 1 
20/28 2 
20/29 1 
20/30 1 

21/28 1 
21/30 1 
21/31 1 

22/24 1 
22/25 1 
22/27 1 
22/32 1 
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0.006 23/29 1 0.006 
0.006 23/33 1 0.006 
0.006 23/34 2 0.011 

0.006 24/24 1 0.006 
0.011 24/28 1 0.006 
0.011 24/29 4 0.022 
0.006 24/31 1 0.006 
0.006 24/32 2 0.011 
0.006 24/33 1 0.006 
0.006 24/34 1 0.006 

0.011 25/28 2 0.011 
0.011 25/32 1 0.006 
0.017 
0.006 26/26 1 0.006 
0.006 26/27 1 0.006 

26/28 1 0.006 
0.01i 26/30 2 0.011 
0.006 26/33 1 0.006 
0.006 26/34 3 0.017 
0.011 
0.006 27/28 4 0.022 

27/29 1 0.006 0.011 
27/31 1 0.006 0.022 

0.006 27/33 1 0.006 

0.011 28/28 3 0.017 
0.011 28/31 1 0.006 
0.006 28/32 1 0.006 
0.011 28/33 1 0.006 

28/35 1 0.006 
0.017 
0.017 29/30 1 0.006 
0.006 29/31 1 0.006 
0.006 29/32 2 0.011 
0.006 29/33 1 0.006 
0.017 29/36 1 0.006 

0.006 30/30 5 0.028 
0.011 30/31 2 0.011 
0.006 30/32 1 0.006 
0.006 

31/33 1 0.006 
0.006 31/43 1 0.006 
0.011 
0.006 32/32 1 0.006 

0.017 34/36 2 0.011 
0.006 
0.017 
0.006 

0.006 Di scuss ion  
0.006 
0.006 
0.011 A compar i son  of the f requency  profiles for T C  11 f rom 
0.011 this study showed good ag reemen t  with those ob ta ined  
0.006 f rom Edwards  et al. (1992) (Fig. l a ) ,  bu t  minor  differ- 

ences were found  for SE33  compared  with data  f rom 
0.011 
0.006 Po lymeropoulos  et al. (1992). Al le le  No. 19 in the Ger-  
0.011 ma n  sample shows a striking difference to the correspond- 
0.006 ing allele in the US popu la t ion  (Fig. l b ) .  In  addi t ion ,  we 
0.006 observed 2 smaller  and  3 larger f ragments  compared  to 
0.006 the US survey. It should be bo rn  in mind  that  the sample  
0.006 sizes in bo th  studies are different  (n = 180 and  n = 39). 
0.006 This could explain the differences observed.  

O.OO6 SE 33: 
0.006 26 alleles in 180 individuals ,  het.  = 0.93 (this study) 
0.006 21 alleles in 39 individuals ,  het.  = 0.93 (Polymeropoulos  
0.006 

et al. 1992) 

Table 4 (continued) 

Phenotype Obs. alleles Frequency 
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C 1 2 3 4 C 

a 

C 1 2 3 C 1 2 3 C 

b 
Fig. 2a, b. Amplification patterns from unrelated individuals for 
TC 11 (a) and SE 33 (b). PAGE after silver staining (s. Materials 
and methods). C = allelic ladder 

T C  11 - A l l e l i c  l a d d e r  
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a 

Fig. 3a, b. Schematic presentation of the 
lele typing for TC 11 (a) and SE 33 (b) 
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25 
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2O 

18 
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12 

b 11 

allelic ladder used for al- 

TC11: 
6 alleles in 110 individuals, het. = 0.73 (this study) 
6 alleles in 40 individuals, het. = 0.76 (Edwards et al. 
1992). 

Fur thermore ,  sequencing data and comparat ive studies 
are necessary to establish a final control ladder. It  has 
been recommended  that ideally a nomenclature  based 
on the number  of repeats within an allele should be used 
(DNA recommendat ions  1992). However  this can only 
be achieved by sequencing the individual alleles. Until 
this has been accomplished for SE 33 we suggest that the 
first allele in the ladder be designated allele number  11 
and the others numbered  sequentially (11-36) towards 
the cathode. This nomenclature  allows for the occur- 
rence of additional alleles anodal to allele 11 and these 
can be numbered  according to their position. Although 
these alleles are rare in a Caucasian population sample, 
other alleles could be found in other populations and 
could occur more  frequently. 

30 cy. 
I 1 

C 0.1 0.2 0.5 1 2 5 10 C 

28 cy. 
i i 

0.1 0.2 0.5 1 5 10 C 
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@IIU~Ni+ 

b . . . . . . .  ........... , . . . . . . . . . . .  

Fig. 4a, b. Sensitivity study for TC 11 (a) and SE 33 (b)with doubling 
dilutions of template DNA (cell line K 562; Promega, USA) from 
10-0.1ng: 7btl out of 25 btl amplification volume of each sample 
were loaded on PAG (phenotype pattern for TC11: 10/10; SE 33: 
28/30). cy. = amplification cycles; C = allelic ladder 

S St I St 2 C St 2 V 

Fig.ft. Murder case with 2-year-old bloodstains amplified with 
TC 11. S = suspect; St1 = bloodstain from scene of crime which 
matched with the pattern of the victim; St2 = mixed bloodstains 
from the fingernail of the suspect with matched with the pattern of 
the suspect and victim; C = allelic ladder; V = victim 

A new nomenclature based on number  of repeats will 
be submitted when the sequencing data becomes avail- 
able. 

In contrast,  the profiles of T C l l  are very similar in 
both studies. As the alleles have already been sequenced 
the previously used nomenclature  has been changed to 
that of Edwards et al. (1992) as this is based on the num- 
ber of repeats.  

The combination of both  STRs leads to high efficien- 
cy with a discrimination index of 0.999. Fur thermore ,  
there is an approximately tenfold higher sensitivity in 
comparison to A m p F L P  systems (Rand et al. 1992) and 
in addition, the relatively short f ragments  are clearly as- 
sociated with much higher success rates in severely de- 
graded stains. Another  advantage of STRs lies in the 
stability and reproducibility of the 4 bp repeats. A reliable 
designation of alleles is complicated in some A m p F L P  
systems by the varying repeat  lengths within a single sys- 
tem (e.g. COL2A1,  Puers et al. 1992). 

Because of the high sensitivity of STR systems the 
risk of contamination is substantially increased and there- 
fore special consideration must be given to this problem 
for stain investigations (see D N A  recommendations 1992). 
More extensive family studies are necessary before the 
mutat ion rate can be clearly defined. This is obviously a 
prerequisite before the STR systems can be used in com- 
bination with AmpFLPs  in paterni ty cases. 
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