
C h a p t e r  I V

R e s u l t s  a n d  D i s c u s s i o n

D N A  e x t r a c t i o n

D N A  e x t r a c t e d  b y  t h i s  m e t h o d  e x h i b i t s  a  2 6 0 / 2 8 0  r a t i o  a b o v e  1 . 6 .  T h e  

a m o u n t  o f  D N A  f r o m  5  -  8  m l  b l o o d  s a m p l e  in  t h e  i n d i v i d u a l  e x t r a c t ,  c a l c u l a t e d  

f r o m  O D  a t  2 6 0  n m ,  r a n g e s  f r o m  9 1 . 6 7 5  t o  4 7 8 . 5  jag .  A m p l i f i c a t i o n  o f  D N A  

f r o m  t h e  s a m p l e s  w a s  s u c c e s s f u l .  T h e  a d v a n t a g e s  o f  t h e  s a l t i n g - o u t  m e t h o d  

a r e :  r a p i d ,  i n e x p e n s i v e ,  a v o i d i n g  t h e  u s e  o f  h a z a r d o u s  r e a g e n t s  a n d  r e q u i r i n g  

f e w  s t e p s .  It c a n  b e  r o u t i n e l y  u s e d  o n  f r e s h  b l o o d  s a m p l e s  in  l a b o r a t o r i e s  f o r  

p e r s o n  i d e n t i f i c a t i o n  a n d  p a t e r n i t y  t e s t  b a s e d  o n  S T R  a n d  P C R  t e c h n o l o g y .  

H o w e v e r ,  s e v e r a l  p i p e t t i n g  s t e p s  a r e  r e q u i r e d  a n d  t h u s  s e v e r a l  p i p e t t e  t i p s  a r e  

i n t r o d u c e d  i n t o  t h e  s a m p l e s .  B e s i d e s ,  t h e  s t e p s  f o l l o w e d  l y s i s  a n d  w a s h i n g  t h e  

r e d  b l o o d  c e l l s  u n t i l  t h e  p e l l e t  a p p e a r s  w h i t e ,  i n c r e a s e  t h e  r i s k  o f  s a m p l e  

c o n t a m i n a t i o n  t h u s  d e c r e a s i n g  t h e  y i e l d s .  T h e r e f o r e  i t  s h o u l d  b e  e n s u r e d  t h a t  

c r o s s - c o n t a m i n a t i o n  h a s  n o t  o c c u r r e d .

P C R  a m p l i f i c a t i o n s

E a c h  l o c u s  d e s c r i b e d  c o n t a i n s  t e t r a m e r i c  s h o r t  t a n d e m  r e p e a t s ,  t h e  

p o l y m o r p h i s m s  o f  w h i c h  a r e  d u e  t o  t h e  v a r i a b l e  n u m b e r  o f  r e p e a t s  o f  f o u r  

n u c l e o t i d e  s e q u e n c e s  ( s e e  T a b l e  1 ) .  A l l  s a m p l e s  w e r e  s u c c e s s f u l l y  a m p l i f i e d  

f o r  e i g h t  S T R  l o c i  u s i n g  t h e  p r o t o c o l  s u p p l i e d  in  t h e  G e n e P r i n t  k i t  ( P r o m e g a  

C o r p o r a t i o n )  b y  c o m b i n i n g  o n e  m u l t i p l e x  r e a c t i o n  w i t h  f i v e  s i n g l e - l o c u s  P C R .  

S t i l l ,  s o m e  o f  t h e s e  s a m p l e s  f a i l e d  t o  b e  a m p l i f i e d  in  t h e  f i r s t  a t t e m p t  b u t  t h e y  

w e r e  s u c c e s s f u l l y  a m p l i f i e d  เท s u b s e q u e n t  a t t e m p t s .  T h e r e  w a s  n o  e v i d e n c e  o f  

c o n t a m i n a t i o n  t h r o u g h o u t  t h e  w h o l e  s t u d y .  A l l  l o c i  p r o v i d e d  r o b u s t  a n d  e a s i l y  

i n t e r p r e t a b l e  s i g n a l s .  A m p l i f i c a t i o n  o f  s o m e  S T R  l o c i  p r o d u c e d  P C R
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a m o l i f i c a t i o n  a r t i f a c t s  t h a t  c o u l d  p o s s i b l y  b e  g e n e r a t e d  b y  r e p e a t  s l i p p a g e ,  

p r i m e r  d i m e r  f o r m a t i o n  o r  a d d i t i o n  o f  a  t e r m i n a l  n u c l e o t i d e  t o  t h e  P C R  p r o d u c t  

a t  l e s s  t h a n  1 0 0 %  e f f i c i e n c y  ( a n d  s o  o n ) .  S o m e  a m p l i f i c a t i o n  r e a c t i o n s  a l s o  

p r o d u c e d  t h e  h i g h  m o l e c u l a r  w e i g h t  f r a g m e n t s  o f  u n d e f i n e d  o r i g i n  a n d  t h e s e  

a r t i f a c t s  w e r e  u n d e s i r a b l e . 23' 24,27'28,38 D e s p i t e  t h e s e  a r t i f a c t s  b e i n g  g e n e r a t e d ,  

t h e  a u t h e n t i c  p r o d u c t  y i e l d s  a r e  s t r o n g  e n o u g h  t o  a l l o w  a l l e l e  d e t e r m i n a t i o n .  

D i l u t i o n  o f  t h e  a m p l i f i e d  p r o d u c t s  f r o m  r e a c t i o n s  h e l p s  d e c r e a s e  t h e  s m e a r i n g  

o f  s i l v e r  d e p o s i t i o n  a n d  m i n o r  b a n d  c o m p o n e n t s .

F o r  a  m u l t i p l e x  r e a c t i o n  o f  t h r e e  lo c i ,  C S F 1 P O - T P O X - T H 0 1 , t h e  

r e s p e c t i v e  s i z e  o f  a m p l i f i c a t i o n  p r o d u c t s  is  u s e d  t o  g r o u p  t h e  l o c i  a n d  t h e i r  

a l l e l e s  t h a t  c a n  b e  c o a m p l i f i e d  a n d  r e s o l v e d  b y  s e q u e n c i n g  g e l  s e p a r a t i o n .  

T h e  l o c i  f o r  c o a m p l i f i c a t i o n  a r e  c h o s e n  b a s e d  o n  t h e  s i z e  r a n g e s  o f  t h e  a l l e l e s ,  

t h e  p r i m e r  s e q u e n c e  a n d  t h e  p r i m e r  a n n e a l i n g  t e m p e r a t u r e . 17,19,31’32 T h e  

m u l t i p l e x  P C R  is  k n o w n  t o  b e  v u l n e r a b l e  f o r  t w o  m a i n  r e a s o n s :  d i m é r i s a t i o n  

b e t w e e n  p r i m e r s  o f  d i f f e r e n t  l o c i  a n d  p r e f e r e n t i a l  a m p l i f i c a t i o n  o f  t h e  s m a l l e r  

a l l e l e s  w i t h i n  t h e  l o c u s  r e s u l t i n g  in  a n  ' a l l e l i c  d r o p - o u t ’ p h e n o m e n o n . 23,26,40 เท 

o r d e r  t o  o b t a i n  a m p l i f i c a t i o n  p r o d u c t s  w i t h  e q u a l  b a n d  i n t e n s i t y  o n  s i l v e r  

s t a i n e d  g e l s  t h e  o p t i m i z a t i o n  o f  t h e  p r i m e r  c o n c e n t r a t i o n  w a s  e s p e c i a l l y  

n e c e s s a r y . 23,40 เท t h e  p r e s e n t  s t u d y ,  a l l  t h r e e  l o c i  in  t h e  m u l t i p l e x  a m p l i f i e d  w e l l  

w h i l e  g e n e r a t i n g  v e r y  f e w  a r t i f a c t s .  A s  t o  t h e  i n t e n s i t y  o f  a l l e l e  b a n d s  f o r  t h i s  

m u l t i p l e x  d e t e c t e d  b y  s i l v e r  s t a i n i n g ,  t h e  T H 0 1  l o c u s  h a d  t h e  h i g h e s t  i n t e n s i t y  

a n d  t h e  C S F 1 P O  l o c u s  h a d  t h e  l o w e s t  ( F i g .  8 ) .  T h e r e  w a s  n o  e v i d e n c e  o f  

p r e f e r e n t i a l  a m p l i f i c a t i o n  w i t h i n  t h e  l o c u s ,  t h e  h e t e r o z y g o u s  s a m p l e s  o f  t h e s e  

t h r e e  l o c i  h a d  e q u a l  b a n d  i n t e n s i t y  b e t w e e n  t w o  a l l e l e s  in  e a c h  D N A  s a m p l e .  

H e n c e ,  i t  d o e s  n o t  c a u s e  a n y  c o n f u s i o n  in  r e s u l t  i n t e r p r e t a t i o n s .  H o w e v e r ,  it 

c a n  b e  a n t i c i p a t e d  t h a t  in  s o m e  h i g h l y  d e g r a d e d  s a m p l e s ,  t h e  s m a l l e s t - s i z e
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P C R  a m p l i f i c a t i o n  o f  t h e  v W A  l o c u s  w a s  f r e e  f r o m  a r t i f a c t u a l  b a n d s ,  

b u t  s h o w e d  a  p h e n o m e n o n  k n o w n  a s  r e p e a t  s l i p p a g e  o f  t h e  Taq  e n z y m e  

d u r i n g  t h e  a m p l i f i c a t i o n  p r o c e s s .  T h i s  w a s  c h a r a c t e r i z e d  b y  t h e  o c c a s i o n a l  

l o s s  o f  a  4 - b a s e  o r  a  r e p e a t  u n i t  r e s u l t i n g  in  t h e  d i s p l a y  o f  e x t r a  b a n d s  b e l o w  

t h e  a u t h e n t i c  a l l e l e s  ( F i g .  9 ) . 37,57' 58 T h e  p r e s e n c e  o f  r e p e a t  s l i p p a g e  p r o d u c t s  

is  s o m e t i m e s  r e f e r r e d  t o  a s  s t u t t e r  b a n d s .  T h e y  a r e  m o r e  s t r o n g l y  c o r r e l a t e d  

w i t h  p a r t i c u l a r  l o c i  t h a n  w i t h  p r i m e r  s e l e c t i o n  o r  a m p l i f i c a t i o n  p r o t o c o l s . 23’ 

24,38,57,59 y h e  i n t e n s i t y  o f  t h e  s t u t t e r  b a n d s  is  l o w  w h e n  c o m p a r e d  w i t h  t h e  t r u e  

a l l e l e  p r o d u c t s . 26’27'37 T h i s  p h e n o m e n o n  d o e s  n o t  i n t e r f e r e  w i t h  t h e  

i n t e r p r e t a t i o n  o f  v W A  p r o f i l e s  o b t a i n e d  f r o m  s a m p l e s  o f  k n o w n  o r i g i n .  

T h e o r e t i c a l l y ,  t h e  e x i s t e n c e  o f  t h e  s t u t t e r  b a n d  b e l o w  e a c h  v W A  a l l e l e  c o u l d  

c o m p l i c a t e  t h e  i n t e r p r e t a t i o n  o f  m i x e d  s a m p l e s . 37,56"57

P C R  a m p l i f i c a t i o n  o f  t h e  F 1 3 A 0 1  l o c u s  w a s  f r e e  f r o m  a r t i f a c t u a l  b a n d s  

( F i g .  1 0 ) ,  b u t  s i n g l e - l o c u s  a m p l i f i c a t i o n s  o f  F E S F P S ,  F 1 3 B  a n d  L P L  s o m e t i m e s  

g e n e r a t e d  f a i n t  b a n d s  o f  h i g h  m o l e c u l a r  w e i g h t  f r a g m e n t s  a n d  l a d d e r r i n g  

a r t i f a c t s  ( F i g .  1 1 - 1 2 ) .  A l l  o f  t h e s e  a r t i f a c t s  g e n e r a t e d  in  t h e  p o s i t i v e  c o n t r o l  

K 5 6 2  D N A  a m p l i f i c a t i o n  r e a c t i o n s  a r e  l e s s  i n t e n s e  t h a n  t h o s e  g e n e r a t e d  in  

o t h e r  s a m p l e s .  T h i s  p r o b a b l y  o c c u r s  w h e n  t o o  m u c h  D N A  t e m p l a t e  is  u s e d . 57’ 

58,60 H o w e v e r ,  t h e  m a j o r  a l l e l e s  a r e  s t r o n g  e n o u g h  t o  a l l o w  a l l e l e  d e t e r m i n a t i o n .

E l e c t r o p h o r e s i s

P C R  p r o d u c t s  w e r e  c h e c k e d  f o r  s u c c e s s f u l  a m p l i f i c a t i o n  o n  2 %  

a g a r o s e  g e l s  ( F i g .  7 ) .  S u b s e q u e n t l y ,  t h e y  w e r e  l o a d e d  o n  a  h i g h  r e s o l u t i o n

lo cus , i.e., TH01, m ay  be  ty p e a b le  wh ile  the  la rg e r lo c i เท the  tr ip le x  m ay no t

be  ty p e a b le .56 C o -a m p lif ic a tio n  o f m u ltip le  loc i e ffe c tive ly  re d u ce s  la b o u r and

co s t thus  y ie ld in g  m o re  in fo rm a tio n  in a sho rte r tim e pe rio d .
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p o l y a c r y l a m i d e  g e l .  P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  f o l l o w e d  b y  s i l v e r  

s t a i n i n g  is  m o r e  s e n s i t i v e  t h a n  a g a r o s e  a t  d e t e c t i n g  l o w  y i e l d s  o f  t h e  

a m p l i c o n s . 39,46,51,61 It  h a p p e n s  t h a t  e v e n  t h o u g h  s o m e  a m p l i c o n s  a r e  n o t  

v i s u a l i z e d  o n  a g a r o s e  g e l ,  t h e y  c a n  b e  s e e n  o n  t h e  p o l y a c r y l a m i d e  g e l .  B u t  i f  

e x c e s s  a m p l i c o n s  ( i n d i c a t e d  b y  v e r y  i n t e n s e  b a n d s  o n  a g a r o s e  g e l )  a r e  

l o a d e d  o n  t h e  p o l y a c r y l a m i d e  g e l s ,  t h e  r e s u l t i n g  b a n d s  w i l l  b e  t o o  b r o a d .  A n d  

t h i s  m a y  l e a d  t o  t y p i n g  e r r o r s .  T h e  d i l u t i o n  o f  a m p l i f i e d  p r o d u c t s  w i l l  d e c r e a s e  

t h e  b r o a d  b a n d s  a n d  g i v e  b e t t e r  r e s o l u t i o n .  T h e  r e s u l t s  o f  s e q u e n t i a l  l o a d i n g  

o f  s e v e r a l  a m p l i c o n s  c o r r e s p o n d i n g  t o  t h e  s a m e  l o c i  a r e  s h o w n  เท F i g .  9 - 1 0  

a n d  t h e  p r o f i l e  o f  s i m u l t a n e o u s  l o a d i n g  o f  s e v e r a l  a m p l i f i c a t i o n  p r o d u c t s  

c o r r e s p o n d i n g  t o  d i f f e r e n t  l o c i  is  d e p i c t e d  in  f i g .  8  a n d  f i g .  1 2 .  B o t h  t y p i n g  

a p p r o a c h e s  m i n i m i z e  l a b o r ,  m a t e r i a l s  a n d  a n a l y s i s  t i m e .

P o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  w i t h  h i g h e r  v o l t a g e  g r a d i e n t s  

p r o d u c e d  f a s t e r  r u n s ,  b u t  l e d  t o  t h e  g e l  b e c o m i n g  h e a t e d  d u r i n g  

e l e c t r o p h o r e s i s .  F u r t h e r m o r e ,  i t  c a n  d i s t o r t  t h e  b a n d s .  It is  b e t t e r  t o  r u n  t h e  g e l  

m o r e  s l o w l y  t o  a l l o w  u n a m b i g u o u s  g e n o t y p i n g .  T h e  e l e c t r o p h o r e t i c  s y s t e m  

u s e d  in  t h i s  s t u d y  c a n  r e s o l v e  f r a g m e n t s  t h a t  d i f f e r  b y  o n e  b a s e  p a i r  t h u s  

a l l o w i n g  t h e  d e t e c t i o n  o f  m i c r o v a r i a n t  a l l e l e s  s u c h  a s  T H 0 1  a l l e l e  9 . 3  a n d  

F 1 3 A 0 1  a l l e l e  3 . 2  a s  s h o w n  in  f i g u r e s  8  a n d  1 0 .

S i l v e r  s t a i n i n g

T h e  d e t e c t i o n  o f  d e n a t u r e d  a m p l i f i e d  p r o d u c t s  u s i n g  s i l v e r  s t a i n  

s o m e t i m e s  r e v e a l s  t w o  d i s t i n c t  f r a g m e n t s .  T h e  l o c u s  F E S F P S  s o m e t i m e s  

d i s p l a y s  t w o  b a n d s  p e r  a l l e l e  w h i c h  a p p e a r  a s  c l o s e l y  s p a c e d  d o u b l e t  b a n d s  

( F i g .  1 1 ) .  O t h e r  l o c i  d i s p l a y  s i n g l e  v i s i b l e  b a n d  p e r  a l l e l e  b u t  t h i s  e v e n t  d o e s  

n o t  c o n f u s e  t h e  t y p i n g .  S T R  a m p l i c o n s  v i s i b l e  a s  s e p a r a t e  d o u b l e  b a n d s  

r e p r e s e n t  t h e  c o m p l e m e n t a r y  s t r a n d s  o f  t h e  P C R  p r o d u c t s  o f  t h e  s a m e  l e n g t h ,  

y e t  m i g r a t e d  d i f f e r e n t i a l l y  d u e  t o  t h e i r  d i f f e r e n t  n u c l e o t i d e  s e q u e n c e s . 26,28,56' 57,62
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O n  d e n a t u r i n g  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s ,  t h e  s t r a n d s  c o n t a i n i n g  

c y t o s i n e  a n d  a d e n i n e  ( C A )  m i g r a t e  f a s t e r  t h a n  t h e  g u a n i n e  a n d  t h y m i n e  ( G T )  

s t r a n d s . 26,62 เท c o n t r a s t ,  o n l y  o n e  o f  t h e  t w o  s t r a n d s  c a n  b e  o b s e r v e d  b y  

f l u o r e s c e n c e  d e t e c t i o n . 38,56 T h e  r e l a t i v e  m o b i l i t i e s  o f  t h e  s t r a n d s  a r e  i n f l u e n c e d  

b y  t h e  c o n c e n t r a t i o n  o f  t h e  p o l y a c r y l a m i d e  g e l . 28 T h e  s p a c e  b e t w e e n  t w o  

c o m p l e m e n t a r y  s t r a n d s  c a n  b e  d e c r e a s e d  b y  d e c r e a s i n g  g e l  c o n c e n t r a t i o n  o r  

r u n n i n g  t h e  g e l  f o r  a  s h o r t e r  t i m e .

A l l e l e  d e t e r m i n a t i o n

A l l e l e s  w e r e  d e t e r m i n e d  b y  c o m p a r i s o n  w i t h  t h e  l a d d e r  r u n  o n  t h e  

s a m e  e l e c t r o p h o r e t i c  g e l  ( F i g .  8 - 1 2 ) .  T h e  e l e c t r o p h o r e s i s  s y s t e m  in  t h i s  s t u d y  

a l l o w e d  u n a m b i g u o u s  a l l e l e  d e s i g n a t i o n  b e c a u s e  o f  t h e  g o o d  r e s o l u t i o n  

b e t w e e n  c o n s e c u t i v e  a l l e l e s .  A l l  t h e  o b s e r v e d  a l l e l e s  t h a t  d i f f e r e d  in  s i z e  b y  

o n e  r e p e a t  u n i t  ( i . e .  4  b a s e p a i r s ) ,  e x c e p t  f o r  t h e  T H 0 1  a l l e l e  9 . 3  ( F i g .  8 )  a n d  f o r  

t h e  F 1 3 A 0 1  a l l e l e  3 . 2  ( F i g .  1 0 )  c o u l d  b e  d e t e r m i n e d .  T h e  T H 0 1  a l l e l e  9 . 3  h a s  a  

s i n g l e  b a s e  d e l e t i o n  o f  a  t h y m i d i n e  r e s i d u e  in  t h e  5 th o f  1 0  T C A T  r e p e a t s  a n d  

t h e  F 1 3 A 0 1  a l l e l e  3 . 2  h a s  2  b a s e p a i r  d e l e t i o n s  o u t s i t e  t h e  r e p e a t  r e g i o n . 37 

T h e s e  m i c r o v a r i a n t  a l l e l e s  s h o u l d  b e  i n c l u d e d  in  t h e  a l l e l e  l a d d e r s  t o  p r o v i d e  

p r e c i s i o n  a n d  a c c u r a c y  in  S T R  t y p i n g ;  e x a m p l e  i n c l u d e  T H 0 1  a l l e l e  9 . 3  ( F i g .  

8).48

A l l e l e  l a d d e r s  s h o u l d  b e  u s e d  f o r  a l l  S T R  s y s t e m s  d e t e c t e d  b y  m a n u a l  

e l e c t r o p h o r e t i c  s y s t e m s  a n d  s h o u l d  b e  b a s e d  o n  t h e  p r e d o m i n a n t  s i m p l e  

r e p e a t  m o t i f  o f  t h e  s y s t e m  in  q u e s t i o n .  A l l  c o m m o n l y  o c c u r r i n g  a l l e l e s  s h o u l d  

b e  p r e s e n t  in  t h e  l a d d e r . 48,63’64 A n  a l l e l e  n o m e n c l a t u r e  s h o u l d  b e  b a s e d  o n  t h e  

n u m b e r  o f  r e p e a t s  in  a c c o r d a n c e  w i t h  t h e  r e c o m m e n d a t i o n s  o f  t h e  D N A  

C o m m i s s i o n  o f  t h e  I n t e r n a t i o n a l  S o c i e t y  o f  F o r e n s i c  H a e m o g e n e t i c s  ( I S F H ) . 63 

I d e a l l y ,  t h e  l a d d e r  s h o u l d  b e  p l a c e d  a t  r e g u l a r  i n t e r v a l s  a c r o s s  t h e  g e l ,  s o  t h a t  

e v e r y  u n k n o w n  s a m p l e  w a s  a d j a c e n t  t o  a  c o n t r o l . 51 T h i s  w o u l d  e n s u r e  t h a t
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c l e a r l y  d e f i n e d  p o i n t s  o f  r e f e r e n c e  w e r e  o b t a i n e d  f o r  t h e  b a n d s  in  t h e  

u n k n o w n  s a m p l e s ,  w h i c h  e i t h e r  m a t c h e d  a  b a n d  in  t h e  l a d d e r  o r  m i g r a t e d  t o  a  

p o s i t i o n  b e t w e e n  t w o  l a d d e r  b a n d s . 51 S i n c e  t h e  c o m p o n e n t s  o f  t h e  a l l e l i c  

l a d d e r  a n d  t h e  s a m p l e  f r a g m e n t s  h a v e  t h e  s a m e  l e n g t h  a n d  t h e  s a m e  

s e q u e n c e ,  t h e y  w i l l  m i g r a t e  t h e  s a m e  d i s t a n c e  d u r i n g  e l e c t r o p h o r e s i s  

r e g a r d l e s s  o f  t h e  t y p e s  o f  e n v i r o n m e n t a l  p a r a m e t e r s  c h a n g e d . 48 E x a m p l e s  o f  

s u c h  p a r a m e t e r s  i n c l u d e  t h e  p e r c e n t a g e  o f  a c r y l a m i d e  m o n o m e r s  o r  t h e  

c r o s s - l i n k e r s  in  t h e  g e l ,  t h e  i o n i c  s t r e n g t h  o f  t h e  b u f f e r ,  t h e  e l e c t r o p h o r e s i s  

v o l t a g e ,  o r  t h e  c o u p l i n g  o f  a  f l u o r e s c e n t  m o l e c u l e  t o  t h e  s a m p l e  f o r  d e t e c t i o n  

p u r p o s e s . 48 C o n s e q u e n t l y ,  d i f f e r e n t  l a b o r a t o r i e s  u s i n g  d i f f e r e n t  o r  s a m e  

s e p a r a t i o n  t e c h n i q u e s  a n d  d i f f e r e n t  d e t e c t i o n  f o r m a t s  c a n  c o m p a r e  t h e i r  

r e s u l t s  w i t h  p r e c i s i o n  a n d  r e l i a b i l i t y  in  a c c o r d a n c e  w i t h  t h e  u s e  o f  s a m e  

s p e c i f i c - l o c u s  a l l e l e  l a d d e r s . 13

S t a t i s t i c a l  a n a l y s i s

T h e  2 0 0  s a m p l e s  o f  u n r e l a t e d  i n d i v i d u a l s  w e r e  s t u d i e d  f o r  8  S T R  l o c i  

l o c a t e d  o n  d i f f e r e n t  c h r o m o s o m e s .  G e n o t y p i n g  w a s  p e r f o r m e d  b y  c o m p a r i s o n  

o f  s a m p l e  f r a g m e n t s  w i t h  t h o s e  o f  t h e  l o c u s - s p e c i f i c  a l l e l e  l a d d e r s .

A l l  e i g h t  S T R  l o c i  w e r e  f o u n d  p o l y m o r p h i c .  A  t o t a l  o f  1 0  a l l e l e s  f o r  

F 1 3 A 0 1  a n d  v W A ,  8  a l l e l e s  f o r  C S F 1 P O ,  7  a l l e l e s  f o r  F E S F P S ,  6  a l l e l e s  f o r  

T H 0 1  a n d  L P L ,  a n d  5  a l l e l e s  f o r  T P O X  a n d  F 1 3 B  c o u l d  b e  o b s e n / e d  ( T a b l e  4 -  

11).

A l l  a l l e l e s  a r e  d i f f e r e n t  in  s i z e  b y  o n e  r e p e a t  u n i t  ( i . e .  4  b a s e p a i r s )  f o r  

a l l  l o c i ,  e x c e p t  f o r  t h e  T H 0 1  a l l e l e  9 . 3  a n d  F 1 3 A 0 1  a l l e l e  3 . 2 . 36'38'66' 67 A s  s h o w n  

เท f i g u r e  8  a n d  f i g u r e  1 0 ,  t h e  d i f f e r e n c e s  b e t w e e n  t h e  T H 0 1  a l l e l e  9 . 3  a n d  1 0 ,  

a n d  b e t w e e n  t h e  F 1 3 A 0 1  a l l e l e  3 . 2  a n d  4  b e c o m e  c l e a r l y  v i s i b l e  b y  t h i s  

e l e c t r o p h o r e t i c  s y s t e m .  T h e  9 . 3  a l l e l e  is  1 b a s e p a i r  s m a l l e r  in  s i z e  t h a n  t h e  

1 0 t h  a l l e l e .  T h e  3 . 2  a l l e l e  is  2  b a s e p a i r s  s m a l l e r  in  s i z e  t h a n  t h e  4 t h  a l l e l e .
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F o r  F 1 3 A 0 1  ( F i g .  1 0 ) ,  a n o t h e r  a i i e l e  d i s t i n c t l y  l o n g e r  t h a n  a l l e l e  1 6  

c o u l d  b e  o b s e r v e d  b y  v i s u a l  c o m p a r i s o n  w i t h  t h e  a l l e l e  l a d d e r .  I t  w a s  

o b s e r v e d  in  o n l y  1 o u t  o f  4 0 0  a l l e l e s .  It c o u l d  b e  a s s u m e d  t h a t  i t  w a s  a l l e l e  1 7  

a n d  s h o u l d  b e  c o n f i r m e d  b y  D N A  s e q u e n c i n g  l a t e r .

เท F i g u r e  9 ,  i t  c o u l d  b e  o b s e r v e d  t h a t  2  a l l e l e s  o f  t h e  v W A  l o c u s  

m i g r a t e d  m o r e  s l o w l y  t h a n  a l l e l e  2 0 .  O n l y  1 o f  s u c h  s l o w  m o v i n g  a l l e l e s  w a s  

f o u n d  a m o n g  4 0 0  a l l e l e s  s t u d i e d .  F r o m  t h e i r  m i g r a t i o n  l e n g t h ,  i t  w a s  a s s u m e d  

t h a t  t h i s  c o u l d  b e  a l l e l e  2 1  a n d  a l l e l e  2 2 . 66 B u t  t h i s  s h o u l d  b e  f u r t h e r  c o n f i r m e d  

b y  D N A  s e q u e n c i n g .

T h e  d i s t r i b u t i o n  o f  t h e  o b s e r v e d  a l l e l e  f r e q u e n c i e s ,  t h e  g e n o t y p e s  o f  

e a c h  S T R  l o c u s  a n d  t h e  s u m m a t i o n  o f  c h i - s q u a r e  v a l u e s  f r o m  o b s e r v e d  a n d  

e x p e c t e d  n u m b e r s  u n d e r  t h e  a s s u m p t i o n  o f  t h e  H a r d y - W e i n b e r g  e q u i l i b r i u m  

a r e  s h o w n  in  T a b l e  4 - 1 1 .  T h e  g e n o t y p e s  w i t h  t h e  e x p e c t e d  n u m b e r  e q u a l  o r  

b e l o w  5  w e r e  p o o l e d  t o g e t h e r  i n t o  o n e  g r o u p . 65 N o  s i g n i f i c a n t  d e v i a t i o n  f r o m  

t h e  H a r d y - W e i n b e r g  e q u i l i b r i u m  ( p > 0 . 0 5 )  w a s  f o u n d  f o r  a l l  t h e  s y s t e m s  

s t u d i e d .

A l l  s t a t i s t i c a l  v a l u e s  a r e  s h o w n  in  T a b l e  1 2 .  T h e  u n b i a s e d  e s t i m a t e  o f  

t h e  e x p e c t e d  h e t e r o z y g o s i t y  v a r i e d  b e t w e e n  l o c i ,  r a n g i n g  f r o m  0 . 8 0 7 6  f o r v W A  

t o  0 . 4 9 7 1  f o r  L P L .

T h e  v W A ,  T H 0 1 ,  C S F 1 P O ,  F 1 3 A 0 1 ,  F E S F P S  a r e  h i g h l y  i n f o r m a t i v e  ( P I C  

>  0 . 5 )  a n d  t h e  T P O X ,  L P L ,  F 1 3 B  a r e  m o d e r a t e l y  i n f o r m a t i v e  ( 0 . 5  >  P I C  >  0 . 2 5 ) .  

T h e  m o s t  i n f o r m a t i v e  l o c u s  is  v W A .  T h e  l e a s t  i n f o r m a t i v e  l o c u s  is  F 1 3 B .

E v a l u a t i o n  f o r  f o r e n s i c  p u r p o s e s  w a s  c a r r i e d  o u t  b y  c a l c u l a t i n g  t h e  

d i s c r i m i n a t i o n  p o w e r ,  t h e  p r o b a b i l i t y  o f  m a t c h i n g  f o r  i d e n t i t y  t e s t i n g ,  a n d  t h e  

p o w e r  o f  e x c l u s i o n ,  t h e  p a t e r n i t y  i n d e x  f o r  p a t e r n i t y  t e s t i n g .

T h e  a v e r a g e  p o w e r  o f  e x c l u s i o n  w h i c h  m e a s u r e s  t h e  a b i l i t y  o f  a  

g e n e t i c  t e s t  t o  e x c l u d e  a  f a l s e l y  a c c u s e d  i n d i v i d u a l  w a s  c a l c u l a t e d  f o r  e a c h
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locus. The PEW0 ranged from 0.6361 forvW Ato 0.2627 for F13B. Generally, the 

PEdJ0 is below the PEjrt0 for all loci (Table 12). The combined PEtri0 for the 

CSF1PO-TPOX-TH01 (CTT) and F13A01-FESFPS-VWA (FFv) amounts to

0.8364 and 0.8985, respectively. The combined PE^0 for the six loci (CTTFFv) 

and all eight loci is 0.9834 and 0.9911.

The combined PItyptcal for the CSF1PO-TPOX-TFI01 and F13A01- 

FESFPS-vWA amounts to 3.8249 and 7.4159, respectively. The combined 

P'typtcal f ° r the s'x l° c ' (CTTFFv) and all eight loci is 28.3649 and 28.3979. The 

paternity index reflects how many more times likely it is that the person being 

tested is the biological father, rather than a randomly selected individual. The 

typical paternity index is assigned to a locus rather than an individual case.

The combined probability of matching (Pm) values calculated for the 

CSF1PO-TPOX-TH01 and F13A01 -FESFPS-vWA is 3.5913x10'3 and 1.2717x10'3. 

The chance that two individuals match at six loci and all eight loci is 4.5669 x 

1CT6 and 4.3081 X 1 o '7, respectively.

The combined discrimination power (DP) values calculated for the 

CSF1PO-TPOX-TH01 and F13A01-FESFPS-vWA are 0.9964 and 0.9987. The 

chance that two individuals chosen at random from the Thai population will 

have different phenotypes at six loci and all eight loci are 0.999995433 and

0.999999569.

The distribution of alleles of the eight STR loci in the Thai population 

was either different (p<0.05) or similar (p>0.05) to those of Caucasians35, 

Spanish37and Taiwanese Chinese67 when analyzed by chi-square test of the 

Statistics/Data Analysis Program (Stata 5.0). This program is supported by the 

Clinical Epidemiology Unit (CEU.), Faculty of Medicine, Chulalongkorn 

University. The results are shown เท Table 13.
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The heterozygosity of each STR locus of the Thai population when 

compared with other populations is shown in Figure 13.

เท Figure 13, it can be seen that the TPOX, F13B and LPL loci did not 

appear as highly polymorphic as observed in other populations.35,38

From this study, the test for six loci - CSF1PO-TPOX-TFI01- F13A01- 

FESFPS-vWA has proven useful for identity testing and paternity test. เท the 

future, if TPOX is replaced by the new polymorphic STR locus possessing the 

PE of above 0.6, the PE of this battery of tests will reach approximately

0.999999 thus gaining more statistical power and hence a more powerful tool 

will be obtained. Better statistical indices render the test more powerful.

Nowadays, the commercial multiplex reaction kits such as CSF1PO- 

TPOX-TFI01 and F13A01-FESFPS-VWA for silver stain detection have been 

marketed. They are rapid, convenient, effective and have a strong statistical 

index power when used in combination.
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Fig. 8. Analysis of different STR loci obtained from a multiplex PCR reaction at 

CSF1PO, TPOX, TH01 loci after loading on denaturing polyacrylamide gel and 

subsequent detection by silver stain. Lane 2 represents genotype 7,9.3 for

TH01 locus.
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B.

Fig. 9. A. The STR profile of vWA locus after a single-locus PCR reaction. Lane 

8 presents genotype 17,22. Lane 9 presents genotype 18,21. B. Sequencial 

loading of the PCR products on denaturing polyacrylamide gel and 

subsequent detection by silver staining. The arrows indicate stutter bands.
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Fig. 10. A. F13A01 genotypes obtained from polyacrylamide gel 

electrophoresis. Lane 5 presents genotype 3.2,17. B. Sequencial loading of

F13AO1
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Fig. 11. FESFPS genotypes obtained with polyacrylamide gel electrophoresis. 

A. The arrows indicate examples of ladderring artifacts. B. Represents closely 

spaced duplet bands that can be visible as two bands per allele.
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Fig. 12. Analysis of F13B and LPL amplicons obtained from separate single 

PCR and simultaneous loading on polyacrylamide sequencing gel. The arrows 

indicate ladderring artifacts.
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Tab le  4. CSF1 PO geno type s  and  a lle le  fre q uen c ie s .

Genotypes Observed number

10,10 10

10,11 21

10,12 37

10,13 3

10,14 1

11,11 15

11,12 43

11,13 9

11,14 2

11,15 1

12,12 29

12,13 8

12,14 6

13,13 1

8,10 1

8,11 1

9,10 4

9,11 2

9,12 4

9,13 2

others 0

total 200

I x 2= 6.6062; df 9 (class pooled), p> 0.05 (not significant)

Allele frequencies; 8 0.0050; 9 0.0030; 10 0.2175; 11 0.2725; 12 0.3900; 13

0.0060; 14 0.0225; 15 0.0025.
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Tab le  5. TPOX g e n o typ e s  and  a lle le  fre q u e n c ie s .

Genotypes Observed number

10,11 2

11,11 22

11,12 1

12,12 1

8,10 7

8,11 53

8,8 80

8,9 21

9,11 10

9,9 3

others 0

total 200

S x 2 = 7.2757; df 5 (class pooled), p> 0.05 (not significant)

Allele frequencies; 8 0.6025; 9 0.0925; 10 0.0225; 11 0.2750; 12 0.0075.
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Tab le  6. TH01 g e n o ty p e s  a nd  a lle le  fre quenc ie s .

Genotypes Observed number

10,10 3

6,10 1

6,6 5

6,7 8

6,8 2

6,9 14

6,9.3 6

7,10 5

7,7 11

7,8 12

7,9 51

7,9.3 15

8,10 3

8,8 1

8,9 9

8,9.3 1

9,10 7

9,9 34

9,9.3 11

9.3,9.3 1

others 0

total 200

I x 2= 11.5336; df 10 (class pooled), p> 0.05 (not significant)

Allele frequencies; 6 0.1025; 7 0.2825; 8 0.0725; 9 0.4000; 9.3 0.0875; 10

0.0550.
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Table 7. F13A01 genotypes and allele frequencies.

Genotypes Observed number

3.2,13 1

3.2,15 1

3.2,17 1

3.2,3.2 18

3.2,4 15

3.2,5 16

3.2,6 50

3.2,7 5

3.2,8 1

4,4 3

4,5 10

4,6 17

4,7 2

4,8 1

5,5 4

5,6 15

5,7 2

6,15 1

6,16 1

6,6 35

6,7 1

others 0

total 200

X x 2= 2.6954; df 7 (class pooled), p> 0.05 (not significant)

Allele frequencies; 3 . 2 *  0.3150; 4 0.1275; 5 0.1275; 6 0.3875; 7 0.0250; 8 0.0050; 13 

0.0025; 15 0.0050; 16 0.0025; 17*  0.0025.

* The allele ladders do not have allele 3.2 and 17.
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Tab le  8. FESFPS geno type s  and  a lle le  fre q uen c ie s .

Genotypes Observed number

10,10 2

10,11 6

10,12 9

10,13 5

11,11 39

11,12 54

11,13 29

11,14 5

12,12 16

12,13 25

12,14 2

13,13 6

8,10 1

9,14 1

others 0

total 200

X x 2= 2.7789; df 7 (class pooled), p> 0.05 (not significant)

Allele frequencies; 8 0.0025; 9 0.0025; 10 0.0625; 11 0.4300; 12 0.3050; 13

0.1755; 14 0.0200.
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T ab le  9. F13B geno typ e s  and  a lle le  fre q u e n c ie s .

Genotypes Observed number

10,10 92

11,11 1

6,10 3

8,10 18

8,8 3

8,9 6

9,10 56

9,9 20

6,9 1

others 0

total 200

I x 2= 3.5895; df 4 (class pooled), p> 0.05 (not significant)

Allele frequencies; 6 0.1000; 8 0.0750; 9 0.2575; 10 0.6525; 11 0.0050.
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T ab le  10. LPL g e n o ty p e s  and  a lle le  fre q uen c ie s .

Genotypes Observed number

10,10 87

10,11 25

10,12 62

10,13 4

11,12 7

12,12 7

12,13 4

7,10 1

9,10 2

9,12 1

others 0

total 200

X x 2= 1-3282; d f4  (class pooled), p> 0.05 (not significant)

Allele frequencies; 7 0.0025; 9 0.0075; 10 0.6700; 11 0.0800; 12 0.2200; 13

0.0200.
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Table 11. vWA genotypes and allele frequencies.

Genotypes Observed number

13,16 1

13,17 2

14,14 9

14,15 5

14,16 10

14,17 20

14,18 25

14,19 6

14,20 4

15,17 3

15,18 7

16,16 3

16,17 18

16,18 10

16,19 7

16,20 3

17,17 11

17,18 24

17,19 16

17,20 1

17,22 1

18,18 5

18,19 8

18,21 1

others 0

total 200

S x 2= 18.2305; df 12 (class pooled), p> 0.05 (not significant) Allele frequencies; 13 0.0075; 14 

0.2200; 15 0.0375; 76 0.1375; 7 7  0.2675; 7 8  0.2125; 79 0.0925; 20 0.0200; 27*0.0025; 22*0.0025. 

* The allele ladders do not have allele 21 and 22.
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Tab le  12. S ta tis tics  fo r  F o rens ic  id en tifica tio n  and  P a ren tage  s tud ie s .

Obs. h Exp. h PIC DP Pm

u? PEdu0 PItypical

CSF1PO 0.7250 0.7231 0.6913 0.8756 0.1244 0.5005 0.2025 1.8057

TPOX 0.4700 0.5536 0.4960 0.7366 0.2634 0.3054 0.1335 1.1201

TH01 0.7250 0.7356 0.7063 0.8904 0.1096 0.5285 0.1922 1.8911

F13B 0.4200 0.5035 0.4450 0.6901 0.3099 0.2627 0.1155 1.0070

LPL 0.5300 0.4971 0.4518 0.6955 0.3044 0.2737 0.1097 0.9942

FESFPS 0.6850 0.6880 0.6457 0.8470 0.1530 0.4475 0.1926 1.6026

F13A01 0.7000 0.7192 0.6838 0.8732 0.1267 0.4950 0.1978 1.7806

พ VA 0.8600 0.8076 0.7922 0.9343 0.0656 0.6361 0.2264 2.5988

CTTa - - - 0.9964 3.5913 

X 10'3

0.8364 0.4418 3.8249

FFvb - - - 0.9987 1.2717 

x 10"3

0.8985 0.4989 7.4159

CTTFFv0 - - - 0.9999

95433

4.5669 

X 10'6

0.9834 0.7203 28.3649

8 locid - - - 0.9999

99569

4.3081 

X 10'7

0.9911 0.7797 28.3979

a. combined CSF1PO-TPOX-TH01.

b. combined F13A01-FESFPS-VWA.

c. combined CSF1PO-TPOX-TH01- F13A01 -FESFPS-vWA.

d. all 8 loci combined.

Obs. h = Observed homozygosity, Exp. h = Unbiased estimate of the 

expected heterozygosity, PIC = Polymorphism information content 

DP = Discrimination power, Pm = Probability of matching 

PE = Power of exclusion, PI = Paternity Index.
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Table 13. The different of allele distributions between populations are shown 

by p value.

Thai-Chinese3, Thai-Spanishb'

CSF1PO 0.561 0.171

TPOX 0.511 0.042

TH01 0.004 0.000

F13A01 0.959 0.000

FESFPS 0.032 0.000

F13B 0.294 0.000

LPL 0.000 -

VWA 0.725 0.000

a Allele frequency distributions of the Chinese population from Taiwan.67 

b Allele frequency distributions of the Spanish population.37 

* There was significant difference when p value < 0.05.
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