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A b s t r a c t  Isola ted  father /chi ld  mismatches  in cases with 
a high probabi l i ty  of  paterni ty  ( W  > 99.9%) have been  in- 
ves t iga ted  using short  t andem repeat  (STR) systems.  Ac-  
cording to the high probabi l i ty  of  paterni ty  new muta t ions  
could  be assumed  in these cases. A new muta t ion  could  be 
observed  in 3 cases  using the STR sys tem H u m A C T B P 2 .  
Two of  these cases showed a dele t ion and 1 case an inser- 
t ion of  1 repeat  ( A A A G - m o t i f )  which  could  be ver i f ied by  
sequencing.  In another  pa terni ty  case a new muta t ion  - 1- 
repeat insert ion (TCTA-mot i f )  - in the H u m V W A  sys tem 
was detected and ve r i f i ed  by  sequencing.  These  f indings  
led to a new muta t ion  rate of  0.7% (n = 453 meioses)  for 
H u m A C T B P 2  and 0.2% for H u m V W A  (n = 484 meioses) .  

K e y  w o r d s  Short  t andem repeat  (STR) sys tems • 
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Zusammenfassung Untersuch t  wurden  isol ier te  Vater/  
Kind-Ausschlf isse  mit  Short  Tandem Repeat  (STR)-Sys te-  
men in Paternit~itsffillen mi t  sehr hoher  Vaterschaftswahr-  
scheinl ichkei t  ( W  > 99.9%). Aufgrund  der hohen Vater- 
schaf tswahrscheinl ichkei t  war von Neumuta t ionen  auszu- 
gehen. Mi t  dem STR-Sys tem H u m A C T B P 2  wurde eine 
Neumuta t ion  in 3 Paternit~itsf~illen beobachtet .  In 2 F~llen 
wurde eine Dele t ion und in e inem Fall  eine Insert ion um 
jewei ls  1 Repeat  ( A A A G - M o t i v )  durch Sequenzierung 
nachgewiesen.  Im H u m V W A - S y s t e m  konnte  in e inem 
weiteren Paternit/ i tsfall  eine 1-Repeat-Inser t ion (TCTA- 
Motiv)  durch Sequenzierung bestfitigt werden.  Die  3 beob-  
achteten Neumutationsffil le ergaben ftir HumACTBP2  eine 
Mutat ionsra te  von 0.7% (n = 453 Meiosen) .  Ftir  Hum-  
V W A  lag die Mutat ionsra te  bei  0.2% (n = 484 Meiosen) .  

Seh l f i s se lw6r t e r  Short  Tandem Repeat  (STR) Sys teme • 
H u m A C T B P 2  • H u m V W A  • Neumuta t ionen  • 
Sequenzierung  

B. Brinkmann (EN) . A. M611er • P. Wiegand 
Institute of Legal Medicine, Westf~ilische Wilhelms-Universitfit, 
Von-Esmarch-Strasse 86, D-48149 Mfinster Germany 

Introduction 

Genet ic  new mutat ions  in V N T R  po lymorph i sms  are 
more  c o m m o n  than in coding regions  (Fu tuyma 1990). 
Frequencies  publ i shed  so far can approach  the 1% level  
(Henke et al. 1993) and, in se lected sys tems l ike MS1 
even reach the 5% level  (Jeffreys et al. 1988). The avai l-  
able publ ica t ions  have been deal ing with new mutat ions  
in RFLPs .  This paper  wil l  deal  with microsate l l i te  new 
mutat ions  and their  molecu la r  structures. 

Materials and methods 

The new mutations have been observed in paternity analysis. Pa- 
ternity analysis performed in this laboratory usually applies a 
package of 16-18 classical marker systems in a first approach 
(Table 1). A supplementary DNA analysis is recommended if there 
is only an isolated or questionable exclusion in the first approach 
or if the probability values of paternity are too small (below 
99.9%). - Usually 4-6 DNA microsatellite systems are applied, 
but their number can be increased if necessary. The PCR protocols 
and the conditions for electrophoretic separation have been pub- 
lished elsewhere (D1S80, ApoB, YNZ22 according to Rand et al. 
1992; HumACTBP2, HumTHO1 according to Wiegand et al. 
1993; HumFABP, HumVWA, HumMBP according to M611er et 
al. 1994a; HumFES/FPS, HumD2IS 11 according to M611er et al. 
1994b; HumF13A1 according to Puers et al. (1994). Sequence data 
were obtained as described by M611er and Brinkmann (1994) for 
HumACTBP2 and MNler et al. (1994b) for HumVWA. 

Results 

Case 1 

The c lass ica l  approach  (16 systems)  showed no exclus ion  
but  the combined  W-va lue  was only 84.2%. Inc lus ion  of  6 
addi t ional  P C R - V N T R s  showed  no exc lus ion  with the ex- 
cept ion of  A C T B P 2  (Table 1), which  showed a misma tch  
be tween  p f  (putat ive father) and ch (child).  A s s u m i n g  ge- 
netic new muta t ion  the chi ld  showed a 1 repeat  dele t ion 
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Table 1 Summary of the main results in 4 paternity cases. (EM = 
Essen-M/511er, m = mother, ch = child, pf = putative father) The re- 
peat structure of the incompatible STR systems ACTBP2 and 
VWA was determined by Taq Cycle Sequencing as described by 
M611er and Brinkmann (1994) and M611er et al. (1994b). For 
ACTBP2 the allele designation is arbitrary; the nmnber of repeats 

B. Brinkmann et al.: Structure of new mutations in 2 STR systems 

is given in brackets (M611er and Brinkmann 1994). The allele des- 
ignation for VWA is according to the repeat number. Incompatible 
alleles are indicated with an asterisk. Classical systems used: 
ABO, MNSs, Rhesus, Kell, Fy, Jk; Gm, Km, Hp, Gc-sub, C3, Tf, 
Pi, EAP, PGM-sub, GPT, EsD,GLO. 

Case 1 2 3 4 
Type of paternity Triplet Triplet Duo Triplet 
No. of class, system 16 18 16 17 

EM 

DNA (compatible syst.) 

DNA (incompatible syst.) 

total EM 

9.272 

DIS80, ApoB, YNZ22, 
TH01, VWA 

ACTBP2: 
m = 15, 19 
ch = 15, 6 (18") 
pf = 18, 7 (19") 

7.3612 

5.0792 

D1S80, ApoB, YNZ22, 
TH01, VWA, FABP, 
F13A1, D21Sll,  FES 

ACTBP2: 
m =3,23  
ch = 3, 9 (21") 
pf = 15, 8 (20*) 

1.0001 

8.2507 

D1S80, ApoB, TH01, 
VWA 

ACTBP2: 
m = (not available) 
ch = 17, 4 (16") 
pf = 26, 5 (17") 

6.7095 

4.9542 

D1S80, ApoB, YNZ22, 
TH01, ACTBP2, MBP, 
FABP, F13A1, FES, 
D21Sll 

VWA: 
m = 18, 19 
ch = 18, 20* 
pf = 14, 19" 

4.6021 

relative to the putative father. If ACTBP2  was omitted the 
combinat ion  of all other systems led to a combined prob- 
ability of paternity of W = 99.997%. The inclus ion of the 
ACTBP2  phenotypes assuming a new mutat ion rate of 1% 
and r = 0.1 (Henke et al. 1993) led to a combined  proba- 
bili ty of paternity of W = 99.6158%. 

Case 2 

The classical  approach (18 systems) showed no exclu-  
sion and the combined W-value (= probabili ty of paternity) 
was W = 99.9988%. The court nevertheless asked for an 
extended invest igat ion and we applied 10 DNA systems 
(Table 1): 

The phenotypes of the triplet matched with only 1 ex- 
ception i.e. H u m A C T B P 2  (Table 1, Fig. la). Assuming  
genetic new mutation,  the child showed a 1-repeat (= 4 
bp) insert ion relative to the putative father. Inclus ion of all 
systems without H u m A C T B P 2  led to a combined  W = 
99.999999999% and the inclus ion of ACTBP2 assuming 
a new mutat ion frequency of Ix = 0.007; (r = 0,1) (Henke 
et al. 1993) led to a combined  value of 99.9999999%. 

Case 3 

This was a deficiency case with only the putative father 
and the child. The classical approach (16 systems) 
showed no exclusion. Again,  we were asked to apply 
D N A  systems and 8 addi t ional  systems gave matches  
(while ACTBP2  indicated possible incompatibil i ty).  Se- 
quencing data revealed (under the assumption of new 
mutat ion) a deletion of 1 repeat in 1 allele of the child. - 
The  statistical values  were: W = 99.9994% wi thout  
ACTBP2,  W = 99.9229% with the inclus ion of ACTBP2.  

1 2 3 4 5 

1 2 3 4 5 

Fig. 1 a, b Example of a new mutation in the a HumACTBP2 sys- 
tem: 1,4 = allelic ladder (Wiegand et al. 1993); 2 = putative father; 
3 = child (1-repeat deletion is indicated with an arrow); 5 = mother 
and b HumVWA system: 1,5 = allelic ladder (nomenclature ac- 
cording to the number of repeats - alleles 14-20; M611er et al. 
1994b); 2 = putative father, 3 = mother, 4 = child (1-repeat inser- 
tion is indicated with an arrow) 

Case 4 

The classical approach (17 systems) showed no exclusion 
and the combined value was W = 99.999%. Again, we had 
to apply STR analysis with 8 STR systems which showed 
compatible phenotypes with the exception of H u m V W A  
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( H u m V W A  - Fig.  lb) .  Sequencing  data  showed (under the 
assumpt ion  of  new mutat ion)  an insert ion o f  1 repeat  in 
the child relat ive to the puta t ive  father. The combined  W- 
value (consider ing VWA)  was 99.9993% (g  = 0.002, r = 
0.34). 

Discussion 

So far, we have inves t iga ted  453 meioses  in A C T B P 2  and 
484 meioses  in VWA.  Assuming  new mutat ions  in the 
above  ment ioned  cases the inc idence  would  be 0.7% 
(ACTBP2)  and 0.2% (VWA).  Together  with another  new 
muta t ion  case (MBP, M611er et al. 1994a), the overal l  
incidence seems to be quite low. A total  of  2193 meioses  
in 7 STR systems have been  inves t iga ted  and no further 
devia t ions  f rom Mende l i an  expecta t ions  were observed.  
C o m p a r i s o n  o f  these  resul ts  wi th  those  ob ta ined  f rom 
R F L P  analysis  indicates  that R F L P s  are much  more  asso- 
c ia ted with new mutat ions  than the microsate l l i tes  invest i-  
gated so far (Henke  et al. 1993). This is in accordance  
with p rev ious ly  pub l i shed  hypotheses  that had pred ic ted  
an associa t ion  be tween  the number  of  repeats  and the 
inc idence  of  new muta t ions  (Jeffreys et al. 1988). Even  
within the 2 sys tems inves t iga ted  in this paper,  A C T B P 2  
with more  than 30 al leles shows a 3-fold  h igher  (0.7%) 
rate of  new muta t ion  than V W A  with 10 al leles (0.2%). 
Fur thermore ,  we have sequenced a mul t ip l ic i ty  of  a l le les  
in different  STRs  and could  subdiv ide  these into different  
ca tegor ies  re la t ive  to the extent  of  their  sequence micro-  
he t e rogene i ty  wi th in  the repea t  reg ion .  There  were  2 
sys tems with extens ive  structural  var ia t ion,  i.e. A C T B P 2  
and D21 S 11, sys tems with in termedia te  var ia t ion such as 
V W A  and sys tems with very  litt le microhe te rogene i ty  e.g. 
THO1.  Consequent ly ,  the new mutat ions  observed  here 
are associa ted  with a high level  or at least  an in termedia te  
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level  o f  micro-var ia t ion .  The number  o f  observat ions  is 
too smal l  to draw any further conclusions ,  but  3 further 
points  might  be interest ing in the future: (1) genet ic  new 
mutat ions  observed  so far are ei ther  insert ions or  dele t ions  
o f  l repeat,  (2) dele t ions  and insert ions are so far in bal-  
ance, (3) so far, no maternal  new muta t ions  have been  ob- 
served which  could  again lead to an excess  o f  paternal  
new mutat ions,  which  have also been  observed  in R F L P  
analysis  (Henke et al. 1993). 
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