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SUMMARY.

A n u m e r ic a l  tax o n o m ic  s u r v e y  h a s  b e e n  p e r fo r m e d  u s i n g  

192 s t r a i n s  o f  L i s t e r i a  and p o s s i b l y  r e l a t e d  b a c t e r i a .  Of 

t h e s e ,  38 s t r a i n s  have  b e e n  f u r t h e r  i n v e s t i g a t e d  by s e r o l 

o g i c a l  t e c h n i q u e s .

The r e s u l t s  i n d i c a t e  t h a t  L i s t e r i a  m on ocy tog en es  i s  a 

good , hom ogeneous s p e c i e s .  L , g r a y i  and L . m u r ra y i  do n o t  

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

s p e c i f i c  s t a t u s ,  and i t  i s  recommended t h a t  t h e y  be com bined 

i n  th e  s i n g l e  s p e c i e s  L , g r a y i , They show a c l o s e  r e l a t i o n 

s h i p  t o  L, m o n o c y to g e n e s , c o m p a t ib le  w i th  t h a t  o f  two s p e c i e s  

w i t h i n  th e  same g e n u s ,  b u t  L, d e n i t r i f i c a n s  d i f f e r s  g r e a t l y  

from  th e  o t h e r  L i s t e r i a  s p p ,  and s h o u ld  be rem oved  from  th e  

g e n u s ,

E r y s i p e l o t h r i x , L i s t e r i a  and M ic r o b a c te r iu m  th e rm o s p h a c -  

tum show a c l o s e r  r e s e m b la n c e  t o  th e  f a m i ly  L a c t o b a c i l l a c e a e  

t h a n  to  th e  f a m i ly  C o r y n e b a c t e r i a c e a e  where t h e y  a re  a t  p r e s 

e n t  c l a s s i f i e d .  The s u g g e s t e d  r e l a t i o n s h i p  o f  G em ella  h a e m o l-  

y s a n s  to  th e  t r i b e  S t r e p t o c o c c e a e  i n  th e  L a c t o b a c i l l a c e a e  h a s  

b e en  c o n f i r m e d ,  and i t  i s  p o s s i b l e  t o  e n v i s a g e  an  e n l a r g e d  

f a m i ly  L a c t o b a c i l l a c e a e  i n c l u d i n g  L i s t e r i a , E r y s i p e l o t h r i x ,

M, th e rm o sp h a c tu m , G, h a e m o ly s a n s  and p o s s i b l y  t h e  b a c t e r i a  

r e f e r e d  to  a s  B a c te r iu m  e u r y d i c e . A l t e r n a t i v e l y ,  E r y s i p e l o t h -  

r i x , M, th e rm o sp h a c tu m , G. h a e m o ly sa n s  and p o s s i b l y  B. e u r y d i c e  

c o u ld  be p l a c e d  i n  th e  L a c t o b a c i l l a c e a e , and a new f a m i ly ,  

p o s s i b l y  t h e  L i s t e r i a c e a e ^ c o u l d  be i n t r o d u c e d  f o r  L i s t e r i a  and 

th e  many l a c t i c  a c i d  b a c t e r i a  w hich  a p p e a r  t o  be r e l a t e d  t o  

L i s t e r i a , b u t  have  n o t  b e e n  a s s i g n e d  t o  an  e x a c t  taxon om ic  

p o s i t i o n .
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INTRODUCTION.



INTRODUCTION.

L i s t e r i a  i s  one o f  a number o f  Gram p o s i t i v e ,  n o n -  

s p o r i n g .  n o n - a c i d - f a s t ,  n o n - m y c e l i a l  r o d s  w h ich  may be c a t a l -  

a se  p o s i t i v e  o r  n e g a t i v e ,  o f  w h ich  th e  e x a c t  tax o n o m ic  p o s i t 

i o n  i s  n o t  c l e a r .  B a c t e r i a  o f  t h i s  d e s c r i p t i o n  a re  u s u a l l y  

a l l o c a t e d  t o  one o f  f o u r  f a m i l i e s  i n c l u d e d  i n  th e  s e v e n th  

é d i t i o n  o f  B e r g e y 's  M anual o f  D e t e r m in a t iv e  B a c t e r i o l o g y  

( 1 9 5 7 ) ,  t h e  L a c t o b a c i l l a c e  a e . C o r v n e b a c t e r i a c e  a e . B r e v i b a c t e r -  

i  ace  ae o r  P r o p i o n i b a c t e r i a c e a e .

The m ain  c r i t e r i o n  d e t e r m i n i n g  a l l o c a t i o n  t o  t h e  f a m i ly  

L a c t o b a c i l l a c e a e  h a s  b e e n  l a c k  o f  d e m o n s t r a b le  c a t a l a s e ,  

a l t h o u g h  t h i s  h a s  b e e n  shown t o  be i n c o n s i s t e n t  (D acre  and 

S h a rp e  ( l 9 5 6 ) ,  Vankova (1957) and W h i t te n b u r y  ( l 9 6 4 ) .

The f a m i ly  C o r y n e b a c t e r i  ace ae i s  th e  r e p o s i t o r y  f o r  Gram 

p o s i t i v e ,  c a t a l a s e  p o s i t i v e  r o d s  w h ich  show a c h a r a c t e r i s t i c  

p le o m o rp h is m  known as  " c o ry n e fo rm "  o r  " d i p h t h e r o i d "  m o rp h o l

ogy . H ere  a g a i n  t h e r e  a re  a n o m a l ie s ,  i n  t h a t  a t  l e a s t  two 

g e n e r a .  L i s t e r i a  and E r y s i p e l o t h r i x , do n o t  e x h i b i t  t h i s  

c h a r a c t e r i s t i c  p le o m o rp h ism , and E r y s i p e l o t h r i x , i n  f a c t ,  i s  

e v e n  more p e c u l i a r l y  p l a c e d  as  i t  i s  c a t a l a s e  n e g a t i v e !  One 

c a n  s p e c u l a t e  t h a t  th e  p l a c i n g  o f  t h i s  l a t t e r  g en u s  i n  th e  

f a m i ly  C o r y n e b a c t e r i  ace ae was c o lo u r e d  by th e  f a c t  t h a t  i t  i s  

p a t h o g e n i c .  The m e d ic a l  m i c r o b i o l o g i s t s  w ould  be more te m p te d  

t o  p l a c e  i t  w i t h  o t h e r  d i s e a s e - c a u s i n g  r o d s ,  t h a n  w i th  th e  

g en u s  L a c t o b a c i l l u s .

The p r e d e t e r m i n i n g  c h a r a c t e r  o f  th e  P r o p i o n i b a c t e r i  ace  ae 

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

The f o u r t h  f a m i ly ,  B r e v i b a c t e r i a c e a e . c o n t a i n s  two g e n e ra ,
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K u r t h i a  and B r e v i b a c t e r i u m . and t e n d s  t o  be e v e n  more o f  a 

m i s c e l l a n e o u s  c o l l e c t i o n  t h a n  th e  o t h e r  t h r e e  f a m i l i e s .  The 

g en us  K u r t h i a  i s  r e a s o n a b l y  w e l l  d e f i n e d  (G a rd n e r  ( l 9 6 9 ) ) ,  

b u t  th e  genu s  B r e v i b a c t e r i u m  i s  u s e d  a s  a home f o r  any s m a l l  

Gram p o s i t i v e  r o d  w h ich  c a n n o t  be p l a c e d  e l s e w h e r e .

The genu s  L i s t e r i a  i s  p r e s e n t l y  c l a s s i f i e d  i n  t h e  f a m i ly  

C o ryne  b ac t e  r i  a c e a e .  b u t  many m i c r o b i o l o g i s t s  (M urray  ( 1 9 6 2 ) ,  

J o n e s ,  S n e a th  and Woodbine (1 9 6 6 ))  t h i n k  t h a t  i t  c o u ld  e q u a 

l l y  w e l l  be p l a c e d  i n  th e  f a m i ly  L a c t o b a c i l l a c e a e . and w i th  

some r e s e r v a t i o n s  i n  e i t h e r  o f  th e  o t h e r  two f a m i l i e s .

L i s t e r i a  i s  a  c l i n i c a l l y  i m p o r t a n t  g e n u s ;  one s p e c i e s ,

L. m o n o c y to g e n e s , i s  known t o  be t h e  c a u s a l  a g e n t  o f  a v a r i e t y  

o f  c l i n i c a l  symptoms ( S e e l i g e r  ( l 9 6 l ) .  G ray  and K i l l i n g e r  

(1966) and B o j s e n - M f l l e r  ( l 9 7 2 ) ) .  F o r  many y e a r s  l i s t e r i o s i s  

d o e s  n o t  seem  t o  hav e  b e e n  r e p o r t e d  w i th  th e  same f r e q u e n c y  

i n  th e  U.K. as  i t  h a s  b e e n  i n  th e  U .S .A . and E u ro p e .  From 

th e  t im e  o f  i t s  c h a r a c t e r i s a t i o n  by  M u rra y ,  Webb and Swann 

( l9 2 6 ) ,  w o rk e r s  hav e  commented u p o n  t h e  d i f f i c u l t y  o f  i s o l a t 

i o n  o f  L i s t e r i a , and p e r h a p s  th e  low  i n c i d e n c e  i n  th e  U.K. i s  

more a p p a r e n t  t h a n  r e a l  (M a ir  ( 1 9 6 8 ) ,  K ram er and Jo n e s  ( l9 6 9 ) ) .

L. m on o cy to g en es  i s  known t o  grow  w e l l  a t  4®C and u n d e r  

c o n d i t i o n s  o f  r e d u c e d  o xyg en  t e n s i o n .  W ith th e  i n c r e a s i n g  

u s e  o f  p r e p a c k a g i n g ,  and lo w -te m p e r a t u r e  h o l d i n g  o f  m ea t  

p r o d u c t s ,  M ic r o b a c te r iu m  th e rm o sp h a c tu m  h a s  b e e n  i s o l a t e d  

w i t h  r i s i n g  f r e q u e n c y .  The same c o n d i t i o n s  c o u ld  f a v o u r  th e  

g ro w th  o f  L. m ono cy tog en es  (K ram er and Jo n e s  ( l 9 6 9 ) ) .  A d d i t 

i o n a l l y ,  a  num ber o f  Gram p o s i t i v e  b a c t e r i a , w h i c h  h av e  b e e n  

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

c h ic k e n  m ea t  by T h o r n le y  and S h a rp e  (1959) and B a rn e s  ( p e r s .
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com m .). W ith  th e  i n c r e a s i n g  u s e  o f  p r e p a c k a g i n g ,  and i n  v iew  

o f  th e  p o t e n t i a l  r i s k  o f  L i s t e r i a  d e v e lo p in g  i n  p r e p a c k e d  

fo o d  h e l d  a t  low  t e m p e r a t u r e ,  i t  seem ed i m p o r t a n t  t o  i n v e s t 

i g a t e  th e  tax o n o m ic  p o s i t i o n  o f  t h e  g enu s  L i s t e r i a , w i th  

p a r t i c u l a r  a t t e n t i o n  t o  i t s  r e l a t i o n s h i p  t o  o t h e r  Gram p o s i t 

iv e ,  l a c t i c  a c i d  p r o d u c in g  b a c t e r i a .  F o r  t h i s  i n v e s t i g a t i o n  

i t  was i m p o r t a n t  t o  c o n s i d e r  members o f  t h e  f a m i l i e s  C o ry ne

b a c t e r i  a c e a e  , L a c t o b a c i l l a c e a e , P r o p i o n i b a c t e r i a c e a e  and 

B r e v i b a c t e r i a c e a e , and a l s o  th e  f a m i ly  M ic ro c o c e a c e a e  w h ich  

c o n t a i n s  a g roup  o f  Gram p o s i t i v e  f e r m e n t a t i v e  c o c c i .

C o ry n e  b a c t e r i  ace  a e .

The f a m i ly  C o r y n e b a c t e r i  a c e a e  was f i r s t  p r o p o s e d  by 

Lehmann and Neumann i n  1907, t o  c o n t a i n  th e  genu s  C o r y n e b a c t -  

e r iu m  w hich  t h e y  h ad  named i n  1896. As d e s c r i b e d  i n  th e  

s e v e n t h  e d i t i o n  o f  B e r g e y 's  M anual ( l 9 5 7 ) ,  th e  b a c t e r i a  a re  

Gram p o s i t i v e ,  c a t a l a s e  p o s i t i v e ,  n o n - s p o r i n g ,  n o n - a c i d - f a s t  

r o d s ,  w h ich  a re  i r r e g u l a r  i n  s i z e  and e x h i b i t  " co ry n e fo rm "  o r  

" d i p h t h e r o i d "  p le o m o rp h ism , c h a r a c t e r i s e d  by  th e  f o r m a t io n  o f  

c lu b - s h a p e d  and w e d g e -sh a p e d  c e l l s .  They may be r e a d i l y  d e 

c o l o u r i z e d ,  and may o n ly  show Gram p o s i t i v e  i n c l u s i o n s ,  o r  

g r a n u l e s ,  i n  o t h e r w i s e  Gram n e g a t i v e  c e l l s .  Oxygen r e q u i r e 

m en ts  r a n g e  from  a e r o b i c  t o  m i c r o a e r o p h i l i c  and a few s p e c i e s  

a r e  a n a e r o b i c .  The f a m i ly  i n c l u d e s  a n im a l  and p l a n t  p a r a s i t e s  

and p a th o g e n s ,  a s  w e l l  a s  i s o l a t e s  from  d a i r y  p r o d u c t s  and 

th e  s o i l .

T here  a re  a t  p r e s e n t  s i x  g e n e r a  i n  th e  f a m i ly  C o ry n e b ac 

t e r i  a c e a e  , t h e y  a re  A r t h r o b a c t e r . C e l lu lo m o n a s , C o r y n e b a c t e r -  

ium . L i s t e r i a ,  E r y s i p e l o t h r i x  and M ic r o b a c te r iu m .



A r t h r o b a c t e r .

The genus  A r t h r o b a c t e r  i s  c o n p o se d  o f  b a c t e r i a  w h ich  

show l i t t l e  o r  no f e r m e n t a t i o n  o f  c a r b o h y d r a t e s ,  and  i s ,  

t h e r e f o r e  o f  l i t t l e  im p o r ta n c e  i n  a s t u d y  c e n t r e d  a ro u n d  th e  

l a c t i c  a c i d  b a c t e r i a .

C e l lu lo m o n a s .

T h is  g enus  i s  d i s t i n g u i s h e d  fro m  th e  o t h e r  s o i l  g e n u s ,  

A r t h r o b a c t e r , by  i t s  a b i l i t y  t o  a t t a c k  c e l l u l o s e ,  and t o  

f e r m e n t  c a r b o h y d r a t e s .  C e l lu lo m o n a s  w as , t h e r e f o r e ,  a 

s t r o n g e r  c a n d i d a t e  f o r  s t u d y  t h a n  th e  gen us  A r t h r o b a c t e r . 

p a r t i c u l a r l y  i n  v iew  o f  a  r e p o r t  by  C h a t e l a i n  and  S eco nd  

(1966) t h a t  L i s t e r i a  d e n i t r i f i e a n s  i s  c e l l u l o l y t i c .

C o ry n e  b a c t e r i u m .

When f i r s t  p r o p o s e d  by  Lehmann and Neumann f o r  th e  

d i p h t h e r i a  b a c i l l u s ,  t h i s  was a p l e a s i n g l y  s im p le  g e n u s ,  con 

t a i n i n g  o n ly  a n im a l  p a th o g e n ic  s t r a i n s .  B o th  p l a n t  p a th o g e n 

i c  and s a p r o p h y t i c  b a c t e r i a  have  s i n c e  b e e n  a d d e d ,  on  th e  

b a s i s  o f  t h e i r  m o rp h o lo g y , and th e  s i t u a t i o n  i s  f a r  f ro m  s im 

p l e .  As e a r l y  a s  1947, Conn and Dimmick c o m p la in e d  o f  th e  

m isu se  o f  th e  t e r m  C o r y n e b a c te r iu m  (Conn and Dimmick ( l 9 4 7 ) ) .  

S in c e  t h e n  many w o rk e r s  have  c a l l e d  f o r  a  r e a p p r a i s a l  o f  th e  

p o s i t i o n  o f  t h e  g en u s  C o r y n e b a c te r iu m ,  f o r  e x a n p l e ,  d a  S i l v a  

and H o l t  ( 1 9 6 5 ) ,  D a v is  and Newton ( l 9 6 9 ) ,  B o u s f i e l d  ( l9 7 2 )  

and V a n d e rz a n t  e t  a l ,  ( l 9 7 2 ) .  J e n s e n  ( l 9 5 2 ) ,  p o i n t e d  o u t  

t h a t ,  "T h e re  a re  p e r h a p s  few g ro u p s  o f  b a c t e r i a  o f  w h ich  t h e  

t y p i c a l  r e p r e s e n t a t i v e s  a re  e a s i e r  t o  r e c o g n i z e  and th e  

a b e r r a n t  t y p e s  more num erous and more d i f f i c u l t  t o  s e p a r a t e  

t h a n  t h o s e  w h ich  o r i g i n a l l y  c o n s t i t u t e d  t h e  g e n u s  C o ry n e b a c -  

t e r i u m . and w h ich  we now may c a u t i o u s l y  c a l l  t h e  g ro u p  o f
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c o ry n e fo rm  b a c t e r i a " .

I t  b a s  b e e n  s u g g e s t e d  ( S e e l i g e r  ( 1 9 6 1 ) ) ,  t h a t  some o f  

t h e  p l a n t  p a th o g e n ic  s p e c i e s  o f  C o ry n e b a c te r iu rn  b e a r  a c l o s e  

re s e m b la n c e  t o  L i s t e r i a : and C. p o i n s e t t i a e , a l th o u g h  n o t  

c l o s e l y  r e l a t e d  t o  L i s t e r i a , c a n  o f t e n  be m i s t a k e n  f o r  t h i s  

s p e c i e s  ( S e e l i g e r  ( l 9 6 l ) ) .

L i s t e r i a .

L i s t e r i a  was f i r s t  a c c u r a t e l y  d e s c r i b e d  by M u rray ,  Webb 

and Swann (1926) a f t e r  an  e p i z o o t i c  among th e  l a b o r a t o r y  

b r e e d i n g  s t o c k  o f  r a b b i t s  a t  C am b rid g e . A p u re  c u l t u r e  was 

i s o l a t e d  and named B a c te r iu m  m on o cy to g en es  i n  r e c o g n i t i o n  o f  

th e  m o n o c y to s is  o b s e r v e d  i n  th e  r a b b i t s .

T here  i s  l i t t l e  d o u b t  t h a t  t h i s  b a c t e r i u m  h ad  a l r e a d y  

b e e n  d e s c r i b e d  s e v e r a l  t i m e s ,  e s p e c i a l l y  f rom  c l i n i c a l  c a s e s ;  

f o r  e x a n p l e ,  Hayem i n  F ra n c e  a s  e a r l y  as  1891 and H en le  i n  

Germany i n  1893, o b s e rv e d  Gram p o s i t i v e  r o d s  i n  t i s s u e  s e c t 

i o n s  o f  p a t i e n t s  who h ad  a lm o s t  c e r t a i n l y  d i e d  from  l i s t e r i c  

i n f e c t i o n s  (G ray  and K i l l i n g e r  ( 1 9 6 6 ) ) .  H u lp e r s  ( l 9 l l ) ,  i n  

Sweden, i s o l a t e d  and named B a c te r iu m  h e p a t i s , w h ich  i n  many 

ways r e s e m b le s  L i s t e r i a .  Some w o rk e r s  p r e f e r  t o  a t t r i b u t e  

the d i s c o v e r y  o f  L i s t e r i a  t o  H u l p e r s ,  b u t  t h i s  h a s  b e e n  o p p o s

ed  b e c a u s e  t h e r e  a re  s e v e r a l  d i s c r e p a n c i e s  b e tw e e n  th e  d e s c r 

i p t i o n s  o f  th e  b io c h e m ic a l  p r o p e r t i e s  o f  B, h e p a t i s  and L. 

m o n o c y to g e n e s .  S in c e  th e  o r i g i n a l  i s o l a t e s  o f  B. h e p a t i s  

have  l o n g  b e e n  l o s t ,  t h i s  d i s p u t e  w i l l  n e v e r  be s e t t l e d .  A 

c u l t u r e  i s o l a t e d  by Dumont and C o to n i  ( l 9 2 l ) ,  w h ich  was m ain

t a i n e d  a t  t h e  P a s t e u r  I n s t i t u t e  i n  P a r i s  was i d e n t i f i e d ,  a t  

a much l a t e r  d a t e ,  a s  L . m o n o c y to g e n e s .

A y e a r  a f t e r  M u rray  e t  a l .  (1926) h ad  p u b l i s h e d  t h e i r
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f i n d i n g s ,  P i r i e  ( l9 2 7 )  d e s c r i b e d  w h a t was so o n  fou nd  t o  be 

th e  same b a c t e r i u m .  He named i t  L i s t e r e l l a  h e p a t o l y t i c a  i n  

h o n o u r  o f  L o rd  L i s t e r ,  and i n  r e c o g n i t i o n  o f  th e  n e c r o t i c  

f o c i  fo u n d  i n  th e  l i v e r s  o f  th e  g e r b i l s  ( l a t e r a  l o b e n q u i a e ) 

from  w hich  i t  was i s o l a t e d .

The u n s u i t a b i l i t y  o f  th e  g e n e r i c  name B a c te r iu m , l e d  t o  

t h e  p r o p o s a l  by P i r i e ,  and th e  s u b s e q u e n t  a c c e p t a n c e ,  o f  t h e  

c o m p o s i te  name L i s t e r e l l a  m o n o c y to g e n e s . I n  1939 th e  

C om m ittee  on  N o m e n c la tu re ,  a t  th e  T h i r d  I n t e r n a t i o n a l  C o n g re ss  

f o r  M ic r o b io lo g y ,  New Y o rk ,  r e s o l v e d  t h a t  i n  a l l  d u p l i c a t i o n s  

o f  g e n e r i c  names o n ly  th e  f i r s t  one a p p l i e d  s h o u ld  be c o n s i d 

e r e d  v a l i d .  The g e n e r i c  name L i s t e r e l l a  h ad  a l r e a d y  b e e n  

a p p l i e d  t o  b o th  a m y c e to z o a n ,  and a s p e c i e s  o f  f o r a m i n i f e r a ,  

and t h e r e f o r e  c o u ld  n o t  be u s e d  t o  d e s c r i b e  a b a c t e r iu m .

P i r i e  ( l 9 4 0 ) ,  t h e r e f o r e ,  s u g g e s t e d  th e  name L i s t e r i a , w hich  

was a d o p te d  i n  th e  s i x t h  e d i t i o n  o f  B e r g e y 's  M anual ( 1 9 4 8 ) ,  

and a p p ro v e d  by th e  J u d i c i a l  C om m ission  on  B a c t e r i o l o g i c a l  

N o m e n c la tu re  and Taxonomy ( J u d i c i a l  C om m ission  ( 1 9 5 4 ) ) .

N y fe ld  ( l9 2 9 )  r e p o r t e d  th e  f i r s t  c o n f i rm e d  c a s e  o f  a 

l i s t e r i c  i n f e c t i o n  o f  man, i n i t i a l l y  b e l i e v i n g  i t  t o  be a new 

v a r i a n t ,  he named i t  L i s t e r i a  m o n o cy to g en es  v a r  h o m i n i s , b u t  

i t  was n o t  i n  f a c t  c u l t u r a l l y  o r  b i o c h e m i c a l l y  u n iq u e  and th e  

name was d ro p p e d .  S i m i l a r l y ,  su c h  names as L i s t e r i a  o v i s ,

L. g e r b i l l i , L. c u n i c u l i  e t c . ,  b a s e d  u pon  th e  s o u r c e  o f  

i s o l a t i o n ,  have  b e e n  p ro v e d  to  have  no tax o n o m ic  s t a n d i n g .

F o r  many y e a r s ,  t h e r e f o r e .  L i s t e r i a  was i n  th e  anom alous 

p o s i t i o n  o f  b e in g  a m o n o s p e c i f i c  g e n u s .  I t  was d e f i n e d  i n  

th e  s e v e n t h  e d i t i o n  o f  B e r g e y 's  M anual (1957) as a genus 

o f  Gram p o s i t i v e  b a c t e r i a  w hich  a r e  m o t i l e  by means o f
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p e r i t r i c h o n s  f l a g e l l a s ,  and w h ich  c a n  v a r y  m o r p h o lo g i c a l l y  

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

w h ich  may he up t o  2 0 0 m l o n g .  They a re  a e r o b i c  t o  f a c u l t a t 

i v e l y  a n a e r o b i c ,  c a t a l a s e  p o s i t i v e ,  and a b le  t o  h y d r o ly s e  

a e s c u l i n  and t o  p ro d u c e  a c i d ,  b u t  n o t  g a s ,  f rom  g lu c o s e  and a 

few a d d i t i o n a l  c a r b o h y d r a t e s ,  P a t h o g e n i s i s  c a n  o c c u r  c a u s i n g  

a  v a r i e t y  o f  symptoms; i n  man, i n f e c t i o u s  m o n o n u c le o s is ,  

m e n i n g i t i s  and e n c e p h a l i t i s ;  and human n e o n a t e s  c a n  be 

i n f e c t e d  i n  u t e r o  as a r e s u l t  o f  i n a p p a r e n t  i n f e c t i o n  i n  th e  

m o th e r .  The h o s t  r a n g e  i s  w id e ,  i n c l u d i n g  a t  l e a s t  37 

mammals o t h e r  t h a n  man, 17 f o w l s ,  t i c k s ,  f i s h  and c r u s t a c e a n s  

(G ray  ( 1 9 6 3 ) ) .  I n  a d d i t i o n .  L i s t e r i a  h a s  a  w o r ld -w id e  

d i s t r i b u t i o n  i n  su c h  d i v e r s e  h a b i t a t s  a s  th e  s o i l ,  s t r e a m  

w a t e r ,  s l a u g h t e r  h o u se  w a s t e ,  sewage and s i l a g e ,  as  w e l l  a s  

b o th  human and a n im a l  c a r r i e r s ,  a p p a r e n t l y  u n a f f e c t e d  by 

i n f e c t i o n .

More r e c e n t l y  f u r t h e r  s p e c i e s  have  b e e n  s u g g e s t e d ,

L a r s e n  and S e e l i g e r  ( l9 6 6 )  p r o p o s e d  t h a t  a  s t r a i n  from  

c h i n c h i l l a  f a e c e s  s h o u ld  be a s s i g n e d  t o  a  new s p e c i e s ,  m a in ly  

on  t h e  b a s i s  o f  i t s  f e r m e n t a t i o n  o f  m a n n i t o l ,  and th e  name 

L. g r a y i  was p r o p o s e d  i n  h o n o u r  o f  t h e  w ork  p e r f o rm e d  by 

M ,L .G ray . A t th e  same t im e  t h e y  p r o p o s e d  t h a t  t h e  n o n - p a t h -  

o g e n ic ,  n o n - h a e m o ly t i c  s t r a i n  w h ich  f e r m e n te d  a r a b i n o s e ;  b u t  

n o t  m a n n i t o l ,  and r e d u c e d  n i t r a t e ,  L26, i s o l a t e d  by  S o h i e r  

e t  a l . ,  ( 1 9 4 8 ) ,  s h o u ld  be g i v e n  s p e c i e s  s t a t u s ,  p r o p o s i n g  th e  

name L, d e n i t r i f i c a n s . The f o u r t h ,  and a s  y e t  f i n a l  s p e c i e s ,  

L. m u r r a y i , i s  n o n - p a t h o g e n ic ,  n o n - h a e m o ly t i c ,  f e r m e n ts  

m a n n i to l  and r e d u c e s  n i t r a t e .  I t  was i s o l a t e d  from  v e g i t a t -  

i o n  by W elsh im er  and M e r e d i th  ( l 9 7 l ) ,  and was named i n  h o n o u r
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o f  t h e  l a t e  E .G .D .M u rra y ,  c o - d i s c o v e r e r  o f  L. m o n o cy to g en e s .  

TABLE 1 (b a s e d  u po n  i n f o r m a t i o n  f ro m  S e e l i g e r  ( l 9 6 l ) ,  

W elsh im er and M e re d i th  ( l 9 7 l )  and Jo n e s  ( p e r s .  comm. )) i s  an 

a t t e m p t  t o  sum m arize  t h e  m ain  c h a r a c t e r s  o f  t h e  f o u r  L i s t e r i a  

s p e c i e s .

L. d e n i t r i f i c a n s  d i f f e r s  i n  o t h e r  ways from  th e  o t h e r  

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

s t a i n s  o f t e n  show d e e p ly  s t a i n i n g  c o c c o id  i n c l u s i o n s ,  b u t  

f r e e  c o c c o i d a l  b o d ie s  have  n e v e r  b e e n  o b s e r v e d .  C h a t e l a i n  

and Second  ( l9 6 6 )  r e p o r t e d  t h a t  L. d e n i t r i f i c a n s  i s  c e l l u l o 

l y t i c ,  and i t s  DNA b a se  c o m p o s i t i o n  o f  56 m o les  $  GC 

(W elsh im er and M e re d i th  (1 9 7 1 ))  i s  o b v i o u s l y  d i s t i n c t  from  

th e  v a lu e  o f  38 m oles  % GC o b t a i n e d  f o r  t h e  o t h e r  t h r e e  

s p e c i e s  ( s e e  TABLE 2 ) .

T h ere  a re  f o u r  m ain  s e r o t y p e s  o f  L. m o n o c y to g e n e s , f i r s t  

d e s c r i b e d  by P a t e r s o n  ( l 9 4 0 ) ,  t h e y  a re  b a s e d  u pon  b o th  soma

t i c  'O ' and f l a g e l l a  'H '  a n t i g e n s  and t h e r e  a re  f u r t h e r  s u b 

d i v i s i o n s  w i t h i n  t h e  f o u r  t y p e s  ( S e e l i g e r  ( l 9 6 l ) .  G ray and 

K i l l i n g e r  ( l 9 6 6 ) ) .  W elsh im er and M e r e d i th  ( l 9 7 l )  i n v e s t i g 

a t e d  th e  s e r o l o g i c a l  r e l a t i o n s h i p s  w i t h i n  th e  genus  L i s t e r i a .  

L. d e n i t r i f i c a n s  f a i l e d  t o  a g g l u t i n a t e  'O ' a n t i s e r a  a g a i n s t  

L .m o n o c y to g e n e s , L. g r a y i  o r  L. m u r r a y i , i n d i c a t i n g  a com pl

e t e  l a c k  o f  common 'O ' a n t i g e n s .  They a l s o  fo u n d  t h a t  L. 

m u r ra y i  l a c k e d  common 'H* a n t i g e n s  w i th  L. m o n o cy to g en e s ,  and 

t h a t  w i th  L. m u r ra y i  'O ' a n t i s e r u m  L. m o n o cy to genes  s e r o t y p e s  

3 and 4a  r e a c t e d  a t  low  t i t r e s ,  and s e r o t y p e s  1 and 4b were 

n o n - r e a c t i v e . L. m u r ra y i  and L. g r a y i , h o w e v e r ,  p o s s e s s e d  

common 'O ' and 'H ' a n t i g e n s ;  a minimum o f  t h r e e  'H '  a n t i g e n s  

w ere  foun d  and a com plex  m ix tu r e  o f  'O ' a n t i g e n s , s h a r e d  and



TABLE 1. A c o m p a r is o n  o f  some I m p o r ta n t  c h a r a c t e r i s t i c s  o f  

t h e  f o u r  s p e c i e s  o f  L i s t e r i a .  (B ased  u p o n  S e e l i g e r  ( l 9 6 l ) ,  

W elsh im er and M e re d i th  ( l 9 7 l )  and Jo n e s  ( p e r s .  com m .)) .

C h a r a c t e r s L. monocy
to g e n e s

i l l
g r a y i

L. L. de n i t -
m u r r a y i  r i f i c a n s

A n to n  eye  t e s t  +

C a t a l a s e  +

M o t i l i t y  +

P H a e m o ly s is  +

V o g e s - P r o s k a u e r  t e s t  +

M eth y l Red t e s t  +

N i t r a t e  r e d u c t i o n  -

A e s c u l i n  h y d r o l y s i s  +

A c id  p r o d u c t i o n  f ro m -

a d o n i t o l  -

L - a r a h i n o s e  -

c e l l o h i o s e  +

d e x t r i n  +

d u l c i t o l

e r y t h r i t o l  -

D - g a l a c t o s e  V/D

g lu c o s e  +

g ly c o g e n

i n o s i t o l

i n u l i n

l a c t o s e  V/D

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

4-

+

+

+

+

+

+

+

+

+

+

+
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C h a r a c t e r s L .m onocy-  L. L. L . d e n i t -
t o g e n e s  g r a y i  m u r ra y i  r i f i c a n s

A c id  p r o d u c t i o n  f ro m -

l a e v u l o s e 4- 4- 4- +

m a l to s e 4- 4- 4- 4-

m a n n i to l - 4- 4- -

mannose 4- 4- 4- 4-

m e l i b io s e - - - 4-D

m e l i z i t o s e V - - -

r a f f i n o s e - - - -

rham nose 4-* - -

s a l i c i n 4- 4- 4- 4-

s t a r c h 4- 4- 4- +

s u c r o s e V/D - — 4*

t r e h a l o s e 4- 4- 4- 4-D

x y lo s e — — — —

4"

V

D

*

a c i d i f i c a t i o n  i n  48 h o u r s  

v a r i a b l e

d e la y e d  a c i d i f i c a t i o n

r a r e  s t r a i n s  o f  L. m on o cy to g en es  a re  rham nose  n e g a t i v e ,  

s i x  o u t  o f  n in e  s t r a i n s  w ere  p o s i t i v e
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TABLE 2 . The DNA Base C o m p o s i t io n s  o f  th e  f o u r  s p e c i e s  

o f  L i s t e r i a .  (D e te rm in e d  from  T herm al M e l t i n g  P o i n t  (T^) 

and B u o y an t D e n s i ty  v a l u e s  hy S t u a r t  and W elsh im er  (1973) 

and e x p r e s s e d  as  m o les  % g u a n in e  + c y t o s i n e  /  m o les  o f  

t o t a l  h a s e s  (m o le s  % GC).

S p e c ie s

L i s t e r i a  m onocy to genes 37 -  38

B u o y an t
d e n s i t y

38 -  39

L i s t e r i a  g r a y i 39 41

L i s t e r i a  m u r ra y i 38 -  39 42

L i s t e r i a  d e n i t r i f i c a n s 56 57
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u n s h a r e d  hy L. m u r ra y i  and L, g r a y i , were i n d i c a t e d .

S t u a r t  and W elsh im er (1 9 7 3 ) ,  s t u d i e d  th e  DNA ; DNA hyb

r i d i z a t i o n  p a t t e r n s  w i t h i n  th e  g enu s  L i s t e r i a .  The r e s u l t s  

i n d i c a t e d  two g r o u p s ,  i n d e p e n d a n t  o f  s o u r c e  o r  s e r o t y p e ,  

w i t h i n  t h e  s p e c i e s  L. m o n o c y to g e n e s , one w h ich  show ed 80 t o  

100% b i n d i n g  t o  th e  DNA o f  th e  ty p e  s t r a i n ,  th e  o t h e r  40 to  

70% b i n d i n g .  L. m o n o cy togenes  and L. d e n i t r i f i c a n s  w ere  

c l e a r l y  d i s t i n c t  from  e a c h  o t h e r  and th e  o t h e r  two s p e c i e s .  

The DNA o f  L. m u r r a y i  and L. g r a y i ,  h o w e v e r ,  e x h i b i t e d  58 t o  

76% b i n d i n g  t o  e a c h  o t h e r ,  c o n p a re d  w i th  71 t o  100% b i n d in g  

w i t h i n  th e  two s e p a r a t e  s p e c i e s .

E r y s i p e l o t h r i x .

The f i r s t  member o f  t h i s  g e n u s ,  E r y s i p e l o t h r i x  m u r i s e p -  

t i c a , was fo u n d  by Koch ( l8 8 0 )  i n  t h e  b lo o d  o f  m ice w h ich  

had  b e e n  i n j e c t e d  s u b c u t a n e o u s l y  w i th  p u t r i f y i n g  b lo o d .  

P a s t e u r  à  Dumas (1882) b r i e f l y  d e s c r i b e d  a  b a c t e r i u m  i s o l 

a t e d  from  p i g s  d y in g  o f  r o u g e t  ( sw in e  e r y s i p e l a s ) , and 

P a s t e u r  and T h u i l l e r  ( l8 8 3 )  u s e d  t h i s  s t r a i n  when t h e y  f i r s t  

d e m o n s t r a t e d  th e  m ethod  o f  a r t i f i c i a l  im m u n iz a t io n  u s i n g  

l i v e  a t t e n u a t e d  b a c t e r i a .  I t  was L o e f f l e r  ( l 8 8 6 ) ,  h o w e v e r ,  

who f i r s t  a c c u r a t e l y  d e s c r i b e d  th e  c a u s a l  a g e n t  o f  sw in e  

e r y s i p e l a s .  R o sen b ach  (1909) s u g g e s t e d  th e  names E. p o r c i , 

E. m u r i s e p t i c a  and E. e r y s i p e l o i d e s  f o r  p i g ,  mouse and human 

i s o l a t e s  r e s p e c t i v e l y .  R ickm an  ( 1 9 0 9 ) ,  h o w e v e r ,  p r o p o s e d  

t h a t  t h e  c u l t u r a l  and m o r p h o lo g ic a l  d i f f e r e n c e s  b e tw e e n  th e  

t h r e e  s p e c i e s  w ere  i n s u f f i c i e n t ,  and s i n c e  t h e y  a l l  r e a c t e d  

e q u a l l y  t o  immune s e r a  he c o n c lu d e d  t h a t  t h e y  w ere  no more 

t h a n  v a r i a n t s  o f  a s i n g l e  s p e c i e s  (Woodbine ( 1 9 5 0 ) ) .

The b a c t e r i u m  was named B a c i l l u s  i n s i d i o s u s  by  T r e v i s a n
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(1885) and E. r h n a i o n a t h i a e  by  W inslow e t  a l .  ( l 9 2 0 ) .  The 

l a t t e r  name became f i r m l y  e s t a b l i s h e d  i n  th e  l i t e r a t u r e ,  and 

th e  fo rm e r  was n o t  u s e d  a g a i n  u n t i l  L a n g fo rd  and H a n se n  

( 1953) c h a l l e n g e d  th e  u s e  o f  t h e  name E. r h u s i o p a t h i a e , and 

p r o p o s e d  E r y s i p e l o t h r i x  i n s i d i o s a  ( T r e v i s a n )  comb. nov . The 

L a n g fo rd  and H a n se n  name was n o t  g e n e r a l l y  a c c e p t e d  u n t i l  

th e  s e v e n t h  e d i t i o n  o f  B e r g e y 's  M anual ( 1 9 5 7 ) ,  when L a n g fo rd  

and H an sen  w ere  r e s p o n s i b l e  f o r  t h e  d e s c r i p t i o n  o f  t h e  genus 

E r y s i p e l o t h r i x .  They r e c o g n i s e d  one s p e c i e s  o n l y ,  E . i n s i d 

i o s a  ( T r e v i s a n )  L a n g fo rd  and H an se n  ( l 9 5 3 ) ;  b u t  t h e  name 

( i n s i d i o s a ) h a d  n o t  a p p e a re d  i n  th e  l i t e r a t u r e  f o r  a t  l e a s t  

63 y e a r s . '  Shuman and W ellmann( 1966) d i s c u s s e d  th e  s t a t u s  o f  

th e  n o m e n c la tu re  o f  E r y s i p e l o t h r i x , and r e q u e s t e d  an  o p i n io n  

from  t h e  J u d i c i a l  C om m ission  on  B a c t e r i a l  N o m e n c la tu re  to  

c o n s e rv e  th e  s p e c i f i c  e p i t h e t  r h u s i o p a t h i a e . I n  1967 th e  

J u d i c i a l  C om m ission  c o n s i d e r e d  th e  r e q u e s t  and t h e r e  were 

no o b j e c t i o n s  ( J u d i c i a l  C om m ission  ( l 9 6 7 ) ) .  The c o n s e r v a t i o n  

o f  r h u s i o p a t h i a e  i n  th e  name E. r h u s i o p a t h i a e  (M ig u la  ( l 9 0 0 ) )  

B uchanan  ( l9 1 8 ) ,  a g a i n s t  i n s i d i o s a  (b as io n y m : B a c i l l u s  i n s i d 

i o s a  T r e v i s a n  ( l 8 8 5 ) )  was p a s s e d  i n  1970 ( J u d i c i a l  C om m ission  

( 1 9 7 0 ) ) .

E r y s i p e l o t h r i x  i s  d e s c r i b e d ,  i n  th e  s e v e n t h  e d i t i o n  o f  

B e r g e y 's  M anual ( 1 9 5 7 ) ,  a s  a g ro u p  o f  Gram p o s i t i v e  n o n -  

s p o r i n g ,  n o n - a c i d - f a s t  b a c t e r i a ,  w h ich  v a r y  from  c o c c o h a c i l l i  

t o  f i l a m e n t o u s  fo rm s .  The f i l a m e n t s  a r e  n a r r o w e r  t h a n  t h o s e  

o f  L i s t e r i a ,  and th e  b a c t e r i a  a re  n o n - m o t i l e ,  f a c u l t a t i v e l y  

a n a e r o b i c ,  c a t a l a s e  n e g a t i v e  and f e r m e n t a t i v e .  Few er s u g a r s  

a re  a t t a c k e d  t h a n  by L i s t e r i a , b u t  l i k e  L i s t e r i a  no g a s  i s  

p r o d u c e d .
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S u r p r i s i n g l y ,  t h e  a p p a r e n t  l a c k  o f  c y to c h ro m e s  and 

c a t a l a s e  was n o t  c o n s i d e r e d  s u f f i c i e n t  r e a s o n  f o r  e x c l u d in g  

th e  g en us  f rom  th e  f a m i ly  C o r y n e b a c t e r i  a c e a e , a l t h o u g h  th e  

p r e s e n c e  o f  c a t a l a s e  and cy to ch ro m e  was f u n d a m e n ta l  i n  t h e  

e x c l u s i o n  o f  M ic r o b a c te r iu m  th e rm o sp h a c tu m  from  th e  f a m i ly  

L a c to b  ac i l l  ace ae \

T h ere  h av e  b e e n  many p r o p o n e n t s  o f  a c l o s e  r e l a t i o n s h i p  

b e tw e e n  L i s t e r i a  and E r y s i p e l o t h r i x , b a s i c a l l y  b e c a u s e  o f  

t h e i r  m o r p h o lo g ic a l  and p a t h o l o g i c a l  s i m i l a r i t i e s .  B a r b e r  

( l9 3 9 )j  a f t e r  c o m p a rin g  s e v e r a l  s t r a i n s  o f  E r y s i p e l o t h r i x  and 

L i s t e r i a  m o n o cy to g en es  c o n c lu d e d  t h a t  E r y s i p e l o t h r i x  b eh av ed  

l i k e  a L i s t e r i a  w i th  r e d u c e d  s y n t h e t i c  p o w e rs ,  e x h i b i t e d  a 

s i m i l a r  m o rp h o lo g y , was a l s o  p a t h o g e n i c ,  b u t  show ed no a n t i 

g e n ic  s i m i l a r i t i e s ,  H u tn e r  ( l9 4 2 )  f e l t  t h a t  h i s  r e s u l t s  

s u p p o r t e d  B a r b e r ' s  t h e o r y ;  i n  s t u d y i n g  th e  g ro w th  r e q u i r e m e n t s  

o f  th e  two b a c t e r i a  he fo u n d  t h a t  m in im a l  m ed ia  f o r  them  w ere  

v e r y  s i m i l a r .  L i s t e r i a  m e re ly  showed fe w e r  r e q u i r e m e n t s .  

P e r h a p s  t h e  m o st n o t a b l e  e x p o n e n ts  o f  a c l o s e  r e l a t i o n s h i p  

b e tw e e n  t h e s e  b a c t e r i a  a re  M i le s  and W ilso n  (T o p le y  and W ilso n  

( 1 9 6 4 ) ,  who i n c l u d e d  b o th  g e n e r a  w i t h i n  th e  same s e c t i o n ^  They 

p r o p o s e d  th e  a d o p t i o n  o f  t h e  name E r y s i p e l o t h r i x  m onocy togenes, 

b u t  c o n t i n u e d  t o  u s e  th e  g e n e r i c  name L i s t e r i a  o u t  o f  d e f e r e 

nce  to  t h e i r  f e l l o w  b a c t e r i o l o g i s t s .  They t h o u g h t  t h a t  th e  

d i f f e r e n c e s  b e tw e e n  L i s t e r i a  and E r y s i p e l o t h r i x  w ere  o n ly  o f  

th e  i n t e r  s p e c i f i c  t y p e ,  and t h a t  i t  was a  v i o l a t i o n  o f  th e  

p r i n c i p l e s  o f  b a c t e r i a l  taxonom y t o  p l a c e  them  i n  d i f f e r e n t  

g e n e r a .  Some c h a r a c t e r s  o f  L i s t e r i a  and E r y s i p e l o t h r i x  a re  

com pared  i n  TABLE 3 , b a s e d  u p o n  J u l i a n e l l e  ( l 9 4 l ) ,  S o h i e r  

( 1 9 4 8 ) ,  F ü z i  ( l 9 6 3 ) ,  T o p le y  and W ils o n  ( l9 6 4 )  and G r ie c o  and



15
TABLE 3. C h a r a c t e r s  w h ich  d i s t i n g u i s h  E r y s i p e l o t h r i x  

r h u s i o p a t h i a e  from  L i s t e r i a  m o n o c y to g e n e s ,  (B a sed  u p o n  

J u l i a n e l l e  ( l 9 4 l ) \  S o h i e r  (1948)^ F iiz i  (1 963 )^  T o p le y  

and W ils o n  (1964)^ and G r ie c o  and S h e ld o n  ( l 9 7 o f ) .

C h a r a c t e r s E r y s i p e l o t h r i x  L i s t e r i a
r h u s i o p a t h i a e  m o n o cy to g en es

S iz e  o f  r o d s  

M o t i l i t y

Growth i n  g e l a t i n  s t a h

H a e m o ly s is

S o lu b le  h a e m o ly s in

H a e m a g g lu t i  n a t i o n

Growth a t  4*C

Neom ycin s e n s i t i v i t y

P o ta s s iu m  t e l l u r i t e  
s e n s i t i v i t y

A e s c u l i n  h y d r o l y s i s

C a t a l a s e  a c t i v i t y  ^
4

4

4

4

4

4

4

4

4 

3

5

M eth y l Red t e s t  

V o g e s - P r o s k a u e r  t e s t  

A c id  p r o d u c t i o n  f ro m -  

g a l a c t o s e  

m a l to s e  

m annose 

rham nose  

s a l i c i n  

s u c r o s e

1 .5

1 .5

1 .5

1 .5

1 .5

1 .5

s l e n d e r

•lam pbrush*

a

t h i c k e r

+

• f i l i f o r m *

P

+

+

+

+

+

+

+

+

+

+

+
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C h a r a c t e r s E r v s i n e l o t h r i x
r h u s i o p a t h i a e

L i s t e r i a
m ono cy togenes

A c id  p r o d u c t i o n  f ro m -  

t r e h a l o s e  

A n t i g e n i c  c r o s s - r e a c t i o n "  

P a t h o g e n i c i t y -

k i l l s  p ig e o n s  

k i l l s  g u in e a  p i g s '  

C o rn e a l  r e a c t i o n  ( r a b b i t ) ^  

S i t e  o f  i n v a s i o n  ^

5

4

4

e x t r a c e l l u l a r i n t r a c e l l u l a r

human and some a n im a l  c e l l s .

1 J u l i a n e l l e  ( l 9 4 l ) .

2 S o h i e r  ( 1 9 4 8 ) .

3 F u z i  ( 1 9 6 3 ) .

4 T o p le y  and W ilso n  ( l 9 6 4 ) .

5 G r ie c o  and S h e ld o n  ( l 9 7 0 ) .
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S h e ld o n  ( l 9 7 0 ) .  A lso  o f  i n t e r e s t  a r e  th e  r e s u l t s  o f  P a r n a s  

e t  a l ,  ( l9 6 6 )  who showed t h a t  s t r a i n s  o f  E r y s i p e l o t h r i x  and 

L i s t e r i a  p o s s ^ É  a lm o s t  i d e n t i c a l  i n f r a r e d  s p e c t r a .

M ost a u t h o r i t i e s  (B e rg e y * s  M anual ( l9 5 7 )  and S e e l i g e r  

( l 9 6 l ) )  s u p p o r t e d  th e  s e p a r a t i o n  o f  th e  two g e n e r a ,  on  th e  

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

J u l i a n e l l e  ( l 9 4 l ) ,  S e e l i g e r  ( l 9 6 l )  and N e ls o n  and S h e l t o n  

(1 9 6 3 ) .  The p r o d u c t i o n  o f  a c i d  fro m  some s u g a r s  ( e . g . ,  

g a l a c t o s e )  by  E r y s i p e l o t h r i x  and n o t  by  L i s t e r i a  t e n d e d  t o  

c o n t r a d i c t  t h e  i d e a s  o f  B a rb e r  ( l9 3 9 )  and H u tn e r  ( l 9 4 3 ) .

R e c e n t  w ork by  D a v i s ,  Fom in, W ils o n  and Newton (1969) and 

S t u a r t  and P e a s e  (1972) i n d i c a t e d  a  c l o s e r  r e l a t i o n s h i p  b e t 

w een E r y s i p e l o t h r i x  and v a r i o u s  s t r e p t o c o c c i  t h a n  b e tw e e n  

E r y s i p e l o t h r i x  and L i s t e r i a  , o r  th e  o t h e r  members o f  th e  

f a m i ly  G o r y n e b a c t e r i a c e a e . E r y s i p e l o t h r i x ,  t h e r e f o r e ,  was an  

o b v io u s  c a n d i d a t e  f o r  i n c l u s i o n  i n  th e  p r e s e n t  s t u d y .

Mi c r o b a c t e r iu m .

The g e n u s  M ic r o b a c te r iu m  was p r o p o s e d  by  O r l a - J e n s e n  

( l9 1 9 )  f o r  a  c o l l e c t i o n  o f  s m a l l .  Gram p o s i t i v e ,  n o n - m o t i l e , 

n o n - s p o r i n g ,  r o d - s h a p e d  b a c t e r i a  w h ich  e x h i b i t e d  a n  u n u s u a l  

d e g re e  o f  h e a t  r e s i s t a n c e .  The tax o n o m ic  p o s i t i o n  o f  th e  

g enus  h a s  a lw ay s  b e e n  u n c e r t a i n  -  i n  t h e  f i f t h  e d i t i o n  o f  

B e r g e y 's  M anual (1939) i t  was p l a c e d  i n  t h e  f a m i ly  B a c t e r i a c e ^  

a e ;  i n  t h e  s i x t h  e d i t i o n  ( B e r g e y 's  M a n u a l(1 9 4 8 ) )  i t  was t r a n 4  

s f e r e d  t o  th e  L a c t o b a c i l l a c e a e . and i n  t h e  s e v e n t h  e d i t i o n  

( B e r g e y 's  M anual (1 9 5 7 ))  t o  th e  f a m i ly  C o r y n e b a c t e r i a c e a e .

The ty p e  s p e c i e s ,  M. l a c t i c u m . was named by  O r l a - J e n s e n  

i n  1919, t o g e t h e r  w i t h  M. f la v u m  and M. l i q u i f a c i e n s ;  l a t e r ,

M. th e rm o sp h a c tu rn  (McLean and S u l z b a c h e r  ( 1953)) and M. m o b i le
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( B o lc a to  (1 9 5 7 ) )  were p r o p o s e d .  M. m o b ile  was c r e a t e d  f o r  a 

g roup  o f  m o t i l e  l a c t i c  a c i d  b a c t e r i a  w h ich  B o lc a to  (1957) 

th o u g h t  r e s e m b le d  th e  g en us  L a c t o b a c i l l u s  i n  m o rp h o lo g y , 

some s e c o n d a r y  c h a r a c t e r s  and f e r m e n t a t i v e  p r o p e r t i e s ,  b u t  

c o u ld  n o t  be p l a c e d  i n  t h a t  gen us  b e c a u s e  o f  t h e i r  m o t i l i t y  

and p r o d u c t i o n  o f  c a t a l a s e .  A t th e  t im e ,  th e  genus M ic ro b a c 

t e r i u m  was c l a s s i f i e d  i n  th e  f a m i ly  L a c to b a c i l l a c e a e ^  and 

l a c t i c  a c i d  p r o d u c i n g ,  r o d - s h a p e d  b a c t e r i a  w ere  s p l i t  b e tw e e n  

th e  g e n e r a  L a c t o b a c i l l u s  and M ic r o b a c te r iu m  o n  th e  b a s i s  o f  

t h e i r  c a t a l a s e  a c t i v i t y .  V ery  l i t t l e  i s  known a b o u t  M. 

m o b ile  and th e  o r i g i n a l  c u l t u r e s  a p p e a r  t o  be u n o b t a i n a b l e .

M. th e rm o sp h a c tu m  was r e c o g n i s e d  to  be a l a c t i c  a c i d  

b a c t e r i u m  by McLean and S u l z b a c h e r  ( l9 5 3 )  and t h e y  th o u g h t  

t h a t ,  on  th e  b a s i s  o f  i t s  low  h e a t  r e s i s t a n c e  and  m o rp h o lo g y , 

i t  c l o s e l y  r e s e m b le d  members o f  th e  g enus  L a c t o b a c i l l u s . b u t  

l i k e  M. m o b ile  i t  was p l a c e d  i n  th e  genus M ic r o b a c te r iu m  on  

th e  b a s i s  o f  i t s  c a t a l a s e  p r o d u c t i o n .

The tax o n o m ic  p o s i t i o n  o f  th e  g en u s  h a s  a lw ay s  b e e n  

u n c e r t a i n  and many a t t e n d i s  have  b e e n  made t o  c l a r i f y  th e  

s i t u a t i o n ,  n o t a b l y  b y ,  J e n s e n  (1 9 3 4 ) ,  A b d -e l-M a le k  and G ib so n  

( 1 9 5 2 ) ,  D e ib e l  and E vans ( i 9 6 0 ) ,  R o b in s o n  (1966 a and b ) , 

B arlow  and K i t c h e l l  (1 9 6 6 ) ,  J a y n e - W i l l i a m s  and Skerm an (1966) 

D a v id so n  and H a r t r e e  ( 1 9 6 8 ) ,  D a v id so n ,  Mobbs and S tu b b s  

(1 9 6 8 ) ,  D a v is  and Newton (1 9 6 9 ) ,  D a v i s ,  Fom in , W ilso n  and 

Newton (1969) and C o l l i  ns-T hom pson , S # rh a u g ,  W i t t e r  and 

O rd a l  ( 1 9 7 2 ) .

As e a r l y  a s  1934, J e n s e n  p r o p o s e d  t h a t  M. f la v u m  was an  

i n t e r m e d i a t e  b e tw e e n  M y c o b ac te r iu m  and G o ryneb ac  t e r i u m , and 

t h a t  M. l a c t i c u m  and M. l i q u i f a c i e n s  s h o u ld  be p l a c e d  i n  th e
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g en u s  G o ry n e  b a c t e r i u m ,  D o e tsc h  and R ako sky  ( l9 5 0 )  b e l i e v e d  

t h a t  t h e i r  r e s u l t s  i n d i c a t e d  t h a t  M. l i q u i f a c i e n s  was p r a c t 

i c a l l y  i d e n t i c a l  t o  M, l a c t i c u m . and recom m ended t h a t  i t  

s h o u ld  be c o n s i d e r e d  a s  a v a r i e t y  o f  M. l a c t i c u m .  A b d - e l -  

M alek and G ib so n  (1952) s t u d i e d  th e rm o d u r i c  i s o l a t e s  from  

m i lk  and c o n c lu d e d  t h a t  many w ere  i d e n t i f i a b l e  a s  M. l a c t i 

cum. They r e p o r t e d  t h a t  th e  c h a r a c t e r i s t i c s  o f  t h e s e  s t r a i 

ns, and some i d e n t i f i a b l e  as  M. l i q u i f a c i e n s , w ere  t y p i c a l  o f  

t h e  G o r y n e b a c t e r i a c e a e . As a r e s u l t  o f  t h e i r  f i n d i n g s ,  and 

i n  a c c e p ta n c e  o f  t h e  p r o p o s a l  o f  J e n s e n  ( 1 9 3 4 ) ,  A b d -e l-M a le k  

and G ib so n  a d o p te d  th e  n o m e n c la tu re  G o ry nebac  t e r i u m  l a c t i c u m  

and G o ry n e b a c te r iu m  l i q u i f a c i e n s .

R o b in s o n  (1966  b) p r o p o s e d  th e  re m o v a l  o f  M. f la v u m  t o  

th e  genu s  G o ry n e b a c te r iu m  b e c a u s e  o f  t h e  i d e n t i c a l  n a t u r e  o f  

i t s  c e l l  w a l l  c o m p o s i t i o n  and th e  s i m i l a r i t y  o f  enzyme p a t t 

e r n s  i n  s t a r c h  g e l  t o  t h o s e  o f  th e  human and a n im a l  p a t h o g e -  

n i c  c o r y j f o b a c t e r i a .  He a l s o  commented t h a t  M. l a c t i c u m  and 

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

omic p o s i t i o n  was n o t  c l e a r .  G o l l in s -T h o m p s o n  e t  a l .  (1972) 

a l s o  s u p p o r t e d  th e  re m o v a l  o f  M. f la v u m  t o  th e  g en u s  

G o r y n e b a c te r iu m , on  th e  b a s i s  o f  t h e  DNA b a s e  r a t i o s  ( M. 

f la v u m  58 m o les  % GG; G o ry n e b a c te r iu m  48 t o  59 m o le s  % GG ) 

and m e ta b o l i s m .  S c h l e i f e r  ( l9 7 0 )  fo u n d  t h a t  M. l a c t i c u m  

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

o f  th e  p l a n t  p a t h o g e n i c  c o r y n e b a c t e r i a ,  p o s s i b l e  e v id e n c e  

t h a t  i t  to o  s h o u ld  be t r a n s f e r e d  to  t h e  f a m i ly  G o r y n e b a c te r 

i a c e  a e , and c o n s i s t e n t  w i t h  th e  e a r l i e r  s u g g e s t i o n s  o f  

J e n s e n  (1934) and A b d -e l-M a le k  and G ib s o n  (1 9 5 2 ) .

B arlo w  and K i t c h e l l  (1966) r e p o r t e d  t h a t  a l t h o u g h
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M. th e rm o sp h a c tu m  r e s e m b le d  M, l a c t i c u m  i n  many w ay s , i t  d id  

n o t  e x h i b i t  " c o ry n e fo rm "  m orpho logy  and was n o t  h e a t  r e s i s t 

a n t .  I t  d i d ,  h o w e v er ,  s h a r e  c e r t a i n  c h a r a c t e r s  w i t h  t h e  

homo f e r m e n t a t i v e  l a c t o b a c i l l i ,  b u t  was c a t a l a s e  p o s i t i v e  and 

w ould  n o t  grow on  R og osa  a g a r .  They a l s o  a g re e d  w i t h  th e  

f i n d i n g s  o f  D e ib e l  and E vans ( i9 6 0 )  t h a t  M. th e  rm osph ac  turn 

was n e g a t i v e  i n  t h e  b e n z i d in e  t e s t .

D a v id so n ,  Mobbs and S tu b b s  (1968) t h o u g h t  t h a t  d e s p i t e  

t h e  above r e p o r t s ,  and on  th e  b a s i s  o f  a p o s i t i v e  c a t a l a s e  

r e a c t i o n ,  m o r p h o lo g ic a l  c h a r a c t e r i s t i c s  and p o s s e s s i o n  o f  

f u n c t i o n a l  c y to c h ro m e s ,  M. th e rm o sp h a c tu m  s h o u ld  be r e t a i n e d  

i n  th e  f a m i ly  G o r y n e b a c t e r i  ace a e , r a t h e r  t h a n  b e in g  t r a n s f e r -  

e d  to  th e  f a m i ly  L a c t o b a c i l l a c e a e .  T h is  v iew  was s u p p o r t e d  

by  D a v id so n  and H a r t r e e  (1968) who s u g g e s t e d  t h a t  t h e i r  

i s o l a t i o n  o f  cy to ch ro m e  and a c y a n i d e - s e n s i t i v e  NADH-oxidase 

f ro m  M. th e rm o sp h a c tu m  s u p p o r t e d  i t s  r e t e n t i o n  i n  t h e  f a m i ly  

G o r y n e b a c t e r i a c e a e .

G o l l in s - T h o n ^ s o n  e t  a l .  (1972) i n v e s t i g a t e d  t h e  DNA b a s e  

r a t i o s  o f  t h e  g enu s  M ic r o b a c te r iu m ,  and fo u n d  much v a r i a t i o n .  

M. th e rm o sp h a c tu m  (36 moles% GG) r e s e m b le d  many o f  t h e  l a c t i c  

a c i d  b a c t e r i a  ( e . g . .  S t r e p t o c o c c u s  and L i s t e r i a ) . M. l a c t i c u m  

(64 moles% GG) r e s e m b le d  th e  genu s  A r t h r o b a c t e r . and  t h e  

v a lu e  f o r  M. f lav u m  (58  m o le s t  GG), a s  p r e v i o u s l y  r e m a r k e d ,  

c o i n c i d e d  w i t h  th e  v a l u e s  q u o te d  f o r  th e  c o r y n e b a c t e r i a ,  

h e t e r o g e n e o u s  a s  t h e y  a r e .  They a l s o  fo u n d  t h a t  M. th e r m o s 

p h a c tu m  d i f f e r e d  from  M. l a c t i c u m  and M. f la v u m  i n  i t s  

enzyme co m plem en t, i t  showed a h i g h e r  a c t i v i t y  i n  t h e  c a t a b -  

o l i s m  o f  g lu c o s e  t o  l a c t i c  a c i d ,  possojd d i f f e r e n t  e s t e r a s e  

enzym es and was a lm o s t  c o m p l e t e ly  l a c k i n g  i n  T .G .A .e n z y m e s .
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T h is  l a t t e r  f e a t u r e  i s  r e m i n i s c e n t  o f  L i s t e r i a  w h ich  was 

r e p o r t e d  hy T r i v e t t  and M eyer ( l 9 7 l )  t o  have  a s p l i t ,  n o n -  

c y c l i c  c i t r a t e  p a th w a y .

G o l l in s -T h o m p s o n  e t  a l .  r e c o g n i s e d  th e  s i m i l a r i t y  o f  t h e  

DNA h a s e  r a t i o  o f  M. th e rm o sp h a c tu m  t o  t h e  f a m i ly  L a c t o h a c -  

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

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

p r o p o s a l  t h e y  c i t e d  th e  f i n d i n g s  o f  Shaw and S t e a d  ( l 9 7 0 ) ,  

t h a t  t h e  l i p i d  c o m p o s i t i o n  o f  M. th e rm o sn h a c tu m  was r e l a t i v 

e l y  s i m i l a r  t o  th o s e  o f  M. l a c t i c u m  and th e  g e n u s  A r t h r o h a c -  

t e r , and was t h e r e f o r e ,  i n c o m p a t i b l e  w i t h  t h e  f a m i l y  L a c to 

b a c i l l a c e a e  . b u t  c o m p a t ib le  w i t h  th e  f a m i ly  C o r y n e b a c t e r i a 

c e a e . They a l s o  q u o te d  th e  work o f  S c h l e i f e r  (1970) who 

d e t e c t e d  D L -d ia m in o p im e l ie  a c i d  i n  th e  c e l l  w a l l s  o f  M. 

th e rm o sp h a c tu m ; t h e y  t h o u g h t  t h a t  t h i s  gave f u r t h e r  s u p p o r t  

f o r  a r e l a t i o n s h i p  to  th e  G o r v n e b a c t e r i a c e a e . b u t  d i a m i n o p i -  

m e l i c  a c i d  h a s  b e e n  d e t e c t e d  i n  th e  w a l l s  o f  some l a c t o b a c 

i l l i  ( Ik aw a  ( 1 9 6 4 ) ) .

D a v is  and Newton (1969) i n  a n u m e r i c a l  ta x o n o m ic  s u r v e y ,  

showed t h a t  M. th e rm o sp h a c tu m  c l u s t e r e d  w e l l  w i t h  L i s t e r i a  

mono cy  to  g e n e s , b u t  o n ly  one named s t r a i n  o f  e a c h  was i n c l u d 

ed  i n  t h e i r  s t u d y .  D a v is ,  Fom in, W ils o n  and N ew ton ( 1 9 6 9 ) ,  

h o w e v e r ,  p e r f o rm e d  a n u m e r ic a l  tax o n o m ic  s t u d y  w h ich  i n d i c 

a t e d  a c l o s e r  r e l a t i o n s h i p  b e tw e e n  M. th e rm o sp h a c tu m  ( two 

s t r a i n s )  and th e  f a m i ly  L a c t o b a c i l l a c e a e  t h a n  L i s t e r i a  mono

c y to g e n e s  (12  s t r a i n s ) .  The f a m i ly  L a c t o b a c i l l a c e a e . u n f o r 

t u n a t e l y ,  was r e p r e s e n t e d  s o l e l y  by  one u n c l a s s i f i e d  h e t e r o -  

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

B a c t e r i a  o f  t h e  s p e c i e s  M. th e rm o sp h a c tu m , w ere  d e s c r i b -
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ed  by  McLean and S u lz b a c h e r  (1953) a s  Gram p o s i t i v e ,  c a t a l a s e  

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

l a c t i c  a c i d ,  and d e m o n s t r a te  low  h e a t  r e s i s t a n c e .  The s p e c i e s  

o b v i o u s l y  d i f f e r e d  q u i t e  c o n s i d e r a b l y  from  M. l a c t i c u m  and 

M. f l a v u m , b u t  was c l a s s i f i e d  w ith |th em  on th e  b a s i s  o f  i t s  

c a t a l a s e  a c t i v i t y .  The DNA b a s e  r a t i o  and l a c t i c  a c i d  m e tab 

o l i s m  r e s e m b le s  L i s t e r i a  and S t r e p t o c o c c u s . b u t  i t s  l i p i d  

c o n t e n t  s u p p o r t s  i t s  r e t e n t i o n  i n  t h e  f a m i ly  C o r y n e b a c t e r i a ^ . 

c e a e .

I n  v ie w  o f  i t s  p o s s i b l e  r e s e m b la n c e  t o  L i s t e r i a  and  i t s  

u n c e r t a i n  tax o n o m ic  p o s i t i o n ,  t h e r e f o r e ,  M. th e rm o sp h a c tu m  

was a n  o b v io u s  c h o ic e  f o r  i n v e s t i g a t i o n  i n  t h e  p r e s e n t  s t u d y .  

M. f la v u m  and M. l a c t i c u m  w ere n o t  i n c l u d e d  b e c a u s e  t h e y  

d i f f e r e d  i n  su c h  fu n d a m e n ta l  c h a r a c t e r s  ( e . g . ,  DNA b a s e  r a t i o )  

from  b o t h  M. th e rm o sp h a c tu m  and L i s t e r i a .

L a c t o b a c i l l a c e a e .

Members o f  th e  f a m i ly  L a c t o b a c i l l a c e a e  W inslow  e t  a l .  

( 1 9 1 7 ) ,  a r e  d e s c r i b e d  i n  th e  s e v e n t h  e d i t i o n  o f  B e r g e y 's  

M anual ( 1 9 5 7 ) , a s  Gram p o s i t i v e ,  l a c t i c  a c i d  p r o d u c i n g ,  c a t a l 

a se  n e g a t i v e  b a c t e r i a .  They a re  s h o r t  o r  l o n g  r o d s ,  o r  c o c c i  

w h ich  d i v i d e  i n  one p l a n e  o n ly  l i k e  r o d s  and p ro d u c e  c h a i n s ;  

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

C a r b o h y d r a t e s  a r e  e s s e n t i a l  f o r  good g ro w th ,  and a re  f e r m e n te d  

to  l a c t i c  a c i d  w hich  i s  p o s s i b l y  acco m p an ied  by  v o l a t i l e  a c i d §  

a l c o h o l  and c a r b o n  d io x id e  a s  b ÿ îp ro d u c t s .  Oxygen r e q u i r e m e n t s  

r a n g e  from  m i c r o a e r o p h i l i c  t o  s t r i c t  a n a e r o b i o s i s .

Of th e  two t r i b e s  w i t h i n  th e  f a m i l y ,  th e  L a c t o b a c i l l e a e
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i n c l u d e s  th e  r o d - s h a p e d  mem bers, and th e  S t r e p t o c o c c e a e  th e  

c o c c o id  fo rm s .

W ith in  th e  t r i b e  L a c t o b a c i l l e a e  t h e r e  i s  one m ic r o a e r o 

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

E u b a c te r iu m , Cat e n a b a c te r iu m ,  R a m ib a c te r iu m  and C i l l o b a c t e r 

ium ( s e v e n t h  e d i t i o n  o f  B e r g e y 's  M anual ( 1 9 5 7 ) ) .  T hese  

l a t t e r ,  s t r i c t l y  a n a e r o b i c  g e n e r a ,  w ere  o b v i o u s l y  o f  l e s s  

i n t e r e s t  f o r  c o m p a r is o n  w i th  L i s t e r i a  t h a n  th e  g enu s  L a c to b 

a c i l l u s , and w ould  have  p o s e d  enorm ous p ro b le m s  f o r  i n c l u s i o n  

i n  a s t a n d a r d  n u m e r ic a l  tax o n o m ic  s u r v e y .

L a c t o b a c i l l u s .

O r l a - J e n s e n  (1919) i n  h i s  c l a s s i c a l  s t u d y  o f  t h e  l a c t i c  

a c i d  b a c t e r i a ,  s u b d i v i d e d  th e  genus L a c t o b a c i l l u s  i n t o  t h r e e  

s u b g e n e r a .  T h e rm o b a c te r iu m , Be t a b a c t e r i u m  and S t r e p t o b a c t e r 

ium , on  t h e  b a s i s  o f  g ro w th  t e m p e r a t u r e s  and en d  p r o d u c t s  o f  

m e ta b o l i s m .  Each su b g e n u s  c o n ta in e d  a number o f  s p e c i e s ,  and 

th e  t h r e e  g ro u p s  a re  i l l u s t r a t e d  i n  TABLE 4, b a s e d  u p o n  

S h a r p e ,  F r y e r  and S m ith  (1 9 6 6 ) .

B r ig g s  (1953) i n v e s t i g a t e d  th e  c l a s s i f i c a t i o n  o f  452 

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

d i s t i n g u i s h e d  t h r e e  g ro u p s  w h ich  showed r e a s o n a b l e  a g re e m e n t  

w i th  t h o s e  o f  O r l a - J e n s e n ,  and w hich  c o u ld  be  f u r t h e r  s u b 

d i v i d e d  i n t o  a t o t a l  o f  e i g h t  g r o u p s ,  p l u s  24 s t r a i n s  w h ich  

c o u ld  n o t  be p l a c e d  i n  any o f  th e  e i g h t  g ro u p s .  R o g o sa ,  e t  

a l .  (1953) fo u n d  t h a t  d i f f e r e n c e s  i n  n u t r i t i o n a l  r e q u i r e m e n t s  

c o r r e l a t e d  w e l l  w i th  d i v i s i o n s  o n  th e  b a s i s  o f  o t h e r  c h a r a c 

t e r i s t i c s .

R og osa  and S h a rp e  (1959) re v ie w e d  th e  c l a s s i f i c a t i o n  o f  

t h e  l a c t o b a c i l l i  and a c c e p t e d  th e  s u b g e n e r a  o f  O r l a - J e n s e n ,
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TABLE 4 . P h y s i o l o g i c a l  c h a r a c t e r i s t i c s  o f  l a c t o b a c i l l i  

show ing  th e  t h r e e  m a in  g ro u p s  and th e  s p e c i e s  w h ich  t h e y  

c o n t a i n .  ( S h a rp e ,  F r y e r  and S m ith  ( 1 9 6 6 ) ) .

H o m o fe rm e n ta t iy e He t e r o f e r t a e  n t a t i v e

c a r b o h y d r a t e s  f e rm e n te d  
t o

l a c t i c  a c i d

c a r b o h y d r a t e s  f e r m e n te d  
t o

l a c t i c  a c i d  + v o l a t i l e  
a c i d  + COA

T h e rm o b a c te r iu m S t r e p t o b a c t e r i u m Bet a b a c t e r i u m

g ro w th  a t  45®C + gro w th  a t  45®C -

g ro w th  a t  15^C - g ro w th  a t  15®C +

L. h e l v e t i c u s L. c a s e i L. f e r m e n t i

L. j u g u r t L. p l a n t a r u m L. b u c h n e r i

L . b u l g a r i c u s L. b r e v i s

L. l a c t i s L. c e l l o b i o s u s

L. a c i d o p h i l u s  

L . l e i c h m a n n i i  

L. d e l b r u e c k i i  

L. s a l i v a r i u s

L. v i r i d e s c e n s
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as  d i d  S h a rp e ,  F r y e r  and S m ith  ( 1 9 6 6 ) .  D e s p i t e  th e  f a c t  t h a t  

th e  names o f  th e  s u h g e n e r a  a re  no l o n g e r  i n c l u d e d  i n  B e r g e y 's  

Manual ( 1 9 5 7 ) ,  t h e y  f e l t  t h a t  t h e y  w ere a  u s e f u l  s u b d i v i s i o n  

o f  th e  g en u s  L a c t o b a c i l l u s , and p u b l i s h e d  a scheme f o r  th e  

d i f f e r e n t i a t i o n  o f  th e  s p e c i e s  w i t h i n  th e  s u b g e n e r a  (R o g o sa  

and S h a rp e  ( 1 9 5 9 ) ) .

D a v is  ( i9 6 0 )  a l s o  re v ie w e d  th e  l a c t o b a c i l l i ,  and s u g g e s 

t e d  t h a t  t h e  scheme o f  R ogo sa  and S h a rp e  ( l9 5 9 )  was t h e  m ost 

s a t i s f a c t o r y  scheme a v a i l a b l e  f o r  th e  whole g e n u s .  S e y f r i e d  

(1968) p e r fo r m e d  a c o m p u te r  a id e d  n u m e r i c a l  tax o n o m ic  s t u d y  

and foun d  t h a t  h e r  r e s u l t s  a l s o  s u p p o r t e d  O r l a - J e n s e n ' s  

c l a s s i f i c a t i o n .  The genus  P r o p i o n i b a c t e r i u m  was show n t o  be 

d i s t i n c t  from  b o th  th e  genu s  L a c t o b a c i l l u s  and th e  g en u s  

S t r e p t o c o c c u s , and h e r  r e s u l t s  gave no j u s t i f i c a t i o n  f o r  th e  

p l a c i n g  o f  th e  g en us  L a c t o b a c i l l u s  i n  th e  f a m i ly  P r o p i o n i b a c -  

t e r i a c e a e  a s  s u g g e s t e d  by S t a n i e r ,  D o u d o ro f f  and A d e lb e r g  

( 1 9 6 3 ) .

The tax o n o m ic  su b c o m m itte e  on l a c t o b a c i l l i  and c l o s e l y  

r e l a t e d  o rg a n is m s  ( 1 9 6 8 ) ,  d id  much t o  c l a r i f y  th e  c l a s s i f i c 

a t i o n  o f  th e  l a c t o b a c i l l i ,  and named T y p e , C otype and N eo type  

s t r a i n s  f o r  a l a r g e  p r o p o r t i o n  o f  th e  s p e c i e s  w i t h i n  t h e  

g e n u s  L a c t o b a c i l l u s .

S e r o l o g i c a l ,  DNA b a s e  c o m p o s i t i o n  and DNA hom ology t e c h 

n iq u e s  have a l s o  b e e n  u s e d  t o  s t u d y  th e  tax o n o m ic  p o s i t i o n  o f  

th e  l a c t o b a c i l l i .  The m ain  s e r o l o g i c a l  s t u d i e s  w ere  p e r f o r m 

ed by  S h a rp e  (1955) and S h a rp e  and W h ea te r  (1957) and  h av e  

r e s u l t e d  i n  th e  r e c o g n i t i o n  o f  a t  l e a s t  s i x  s e r o l o g i c a l  

g r o u p s .  These  g ro u p s  re s e m b le  th e  p h y s i o l o g i c a l  g r o u p i n g s  t o  

a c e r t a i n  e x t e n t ,  and a re  i l l u s t r a t e d  i n  TABLE 5 (S h a rp e  and
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TABLE 5 . P ro p o s e d  n o m e n c la tu re  f o r  s e r o l o g i c a l  g ro u p s  

o f  l a c t o b a c i l l i ,  (S h a rp e  and W h ea te r  ( 1 9 5 7 ) ) .

New d e s i g n a t i o n  Form er d e s i g n a t i o n *  S p e c ie s  i n c l u d e d
i n  g ro u p

GROUP A L. b u l g a r i c u s L. b u l g a r i c u s  

L. h e l v e t i c u s

GROUP B L. c a s e i L, c a s e i

GROUP C L. c a s e i - h e l v e t i c u s  L. c a s e i

L. c a s e i  v a r
rham nosus

GROUP D L. p l a n t a r u m L. p l a n t a r u m

GROUP E

GROUP F

L. l a c t i s - b r e v i s  L. l a c t i s

L. f e r m e n t i

su b g ro u p  L . b r e v i s

L. f e r m e n t i

* As g i v e n  i n  S h a rp e  ( l 9 5 5 ) .
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W h ea te r  ( 1 9 5 7 ) ) ,  Each  o f  th e  g ro u p s  A, B, C, D and F i n c l u d 

e d  s p e c i e s  from  o n ly  one o f  th e  s u h g e n e r a  o f  O r l a - J e n s e n  

(1 9 1 9 ) ,  A and F c o n t a i n e d  t h e r m o h a c t e r i a ;  B, C and D s t r e p t o -  

h a c t e r i a ;  h u t  group|E c o n t a i n e d  r e p r e s e n t a t i v e s  o f  th e  su h g e n 

e r a  T h e rm o h a c te r iu m  and B e ta h a c t e r i u m ,  R og osa  and S h a rp e  

( i9 6 0 )  have  s i n c e  r e p o r t e d  t h a t  L. l a c t i s , L, h r e v i s , L. 

h u c h n e r i  and L, b u l g a r i c u s  a l l  p o s s e s s  th e  E a n t i g e n ,  and 

n o te d  t h a t  b o th  h o m o fe rm e n ta t iv e  and h e t e r e f e r m e n t a t i v e  

l a c t o b a c i l l i  a r e ,  th e r e f o re ^  i n c l u d e d  i n  s e r o l o g i c a l  g ro u p  E,

S h a r p e ,  D a v id so n  and B a d d i l e y  (1964) i n v e s t i g a t e d  th e  

n a t u r e  o f  th e  g ro up  a n t i g e n s  and fo u n d  t h a t  f o r  g ro u p  A th e  

a n t i g e n  was a n  i n t r a c e l l u l a r  t e i c h o i c  a c i d ,  f o r  g ro u p s  D and 

E a w a l l  t e i c h o i c  a c i d ,  and f o r  g roup  F i t  was p o s s i b l y  an  

i n t r a  c e l l u l a r  t e i c h o i c  a c i d .  The w a l l s  o f  th e  b a c t e r i a  i n  

g ro u p s  B, C, F and G c o n ta in e d  no t e i c h o i c  a c i d ,  and  Knox 

(1963) d e m o n s t r a te d  t h a t  th e  s p e c i f i c  a n t i g e n s  o f  g ro u p s  B 

and C w ere s e r o l o g i c a l l y  d i s t i n c t  c e l l  w a l l  p o l y s a c c h a r i d e s .

T h ere  have  b e e n  many i n v e s t i g a t i o n s  o f  th e  DNA b a s e  r a t 

i o s  and DNA h o m o lo g ie s  o f  th e  l a c t o b a c i l l i ,  a  b r i e f  r e v i e w  o f  

a few  o f  them  w i l l  g iv e  an  i n d i c a t i o n  o f  th e  c o n t r i b u t i o n  

w h ich  t h e y  have  made to  th e  taxonom y o f  th e  genu s  L a c t o b a c i 

l l u s .

G a s s e r  and S e b a ld  (1966) d e te r m in e d  th e  DNA b a s e  conq>os- 

i t i o n s  o f  r e p r e s e n t a t i v e s  o f  t h e  l a c t o b a c i l l i  and fo u n d  a 

t i g h t  g roup  o f  T h e r m o b a c te r i a  (33  t o  38 m oles  % GC) w h ich  

i n c l u d e d  L. h e l v e t i c u s , L. j u g u r t , L. s a l i v a r i u s  and  L. a c i d 

o p h i l u s .  The r e m a in d e r  o f  th e  s t r a i n s ,  w h ich  i n c l u d e d  members 

o f  a l l  t h r e e  s u b g e n e r a ,  f e l l  i n t o  a l o o s e r  g ro u p ,  DNA b a se  

r a t i o s  r a n g i n g  from  41 to  5 2 .5  m o les  % GC.
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M i l l e r ,  S a n d in e  and E l l i k e r  ( l970)^  on  th e  h a s i s  o f  DNA 

h a s e  c o m p o s i t i o n s ,  d i v i d e d  th e  l a c t o b a c i l l i  i n t o  t h r e e  g roups, 

s e e  TABLE 6,  A l th o u g h  t h e r e  a r e  s i m i l a r i t i e s ,  t h e i r  g ro u p s  

I ,  11 and I I I  d i d  n o t  c o r r e s p o n d  e n t i r e l y  w i t h  O r l a - J e n s e n ' s  

s u b g e n e r a .  M i l l e r ,  S a n d in e  and E l l i k e r  ( l 9 7 l )  s t u d i e d  th e  

DNA hom ology o f  th e  genus  L a c t o b a c i l l u s  and th e  r e s u l t s  

i n d i c a t e d  t h a t  f u r t h e r  s u b - d i v i s i o n  o f  t h e i r  p r e v i o u s  g ro u p s  

was r e q u i r e d ,  s e e  TABLE 6. T h e i r  r e s u l t s  i n d i c a t e d  t h a t  L. 

l a c t i s  and b u l g a r i c u s  had  d i s t i n c t l y  d i f f e r e n t  GC b a s e  

r a t i o s  ( M i l l e r  e t  a l .  ( l 9 7 0 ) ) .  H ow ever, D e l l a g l i o ,  B o t t a z z i  

and T r o v a t e l l i  ( 1 9 7 3 ) ,  i n  t h e i r  s t u d y  o f  t h e  DNA b a s e  conq>- 

o s i t i o n  o f  v a r i o u s  t h e r m o b a c t e r i a ,  fo u n d  t h a t  L. l a c t i s  and 

L . b u l g a r i c u s  h a d  s i m i l a r  DNA b a se  c o m p o s i t io n s  w h ich  su p p 

o r t e d  th e  r e s u l t s  o f  S im onds, H an sen  and L arkshm anan  ( l 9 7 l )  

who r e p o r t e d  t h a t  th e  DNA b a se  s e q u e n c e s  o f  th e  two s p e c i e s  

w ere  v e r y  s i m i l a r .

W h i l s t  p l a n n i n g  th e  p r e s e n t  s t u d y ,  an  i n t e r e s t i n g ,  c a t 

a l a s e  p o s i t i v e ,  homofe rm e n t a t i v e  b a c t e r i u m  was i s o l a t e d  from  

c i d e r s  by  C a r r  and D a v ie s  (1 9 7 0 ) .  The a u t h o r s  t h o u g h t  t h a t  

t h e  b a c t e r i a  c l o s e l y  r e s e m b le d  members o f  t h e  g e n u s  L a c to b a 

c i l l u s , b u t  d i f f e r e d  s u f f i c i e n t l y  fro m  th e  s p e c i e s  o f  t h i s  

g e n u s  l i s t e d  i n  B e r g e y 's  M anual (1957) t o  w a r r a n t  t h e  p r o p o 

s a l  o f  a  new s p e c i e s ,  L. m a l i .

I t  was d e c id e d  t o  i n c l u d e  i n  t h e  p r e s e n t  s t u d y  m o s t  o f  

t h e  s t r a i n s  recommended a s  Type, N eo type  o r  r e f e r e n c e  s t r a i n s ,  

by  th e  Taxonom ic S ubcom m ittee  o n  l a c t o b a c i l l i  and c l o s e l y  

r e l a t e d  o r g a n i s m s ,  as  wel]y4s r e p r e s e n t a t i v e s  o f  th e  new s p e c 

i e s  L. m a l i , b e c a u s e  t h e y  s h a r e  so  many c h a r a c t e r s  i n  common 

w i t h  L i s t e r i a .
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TABLE 6 .  A c o m p a r is o n  o f  th e  g ro u p s  o f  l a c t o b a c i l l i  

b a s e d  u p o n  p h y s i o l o g i c a l  c h a r a c t e r i s t i c s  ( O r l a - J e n s e n  

( 1 9 1 9 ) ) ,  DNA b a se  r a t i o s  ( M i l l e r  e t  a l ,  ( l 9 7 0 ) )  and 

DNA h o m o lo g ie s  ( M i l l e r  e t  a l .  ( l 9 7 l ) ) .

G roups b a s e d  u pon  

DNA b a s e  r a t i o s . *

S p e c i e s

GROUP m o les#  GC

I 3 2 .4 - 3 8 .3  L. h e l v e t i c u s

L. j u g u r t i

1 - ( j u g u r t i )
b u l g a r i c u s

L. b u l g a r i c u s

L. s a l i v a r i u s

I I 4 2 .7 —4 8 .0  L. c a s e i

L. p l a n t a r u m

L. b u c h n e r i

L. b r e v i s

L. v i r i d e s c e n s

I I I 4 9 .0 - 5 1 . 9  L. f e r m e n t i

L. c e l l o b i o s u s

L. l a c t i s

L . l e i c h m a n n i i

L . d e l b r u e c k i i

* M i l l e r  e t  a l . ( 1 9 7 0 ) .

+ M i l l e r  e t  a l . ( 1 9 7 1 ) .

0 O r l a - J e n s e n ( 1 9 1 9 ) .

G roups b a s e d  S u b g e n e ra  

u p o n  DNA o f  O r l a - J e n s e n  

h o m o lo g ie s . '^

I  a

T h e rm o h a c te r iu m

I b

I I  a )
^ / S t r e p t o b a c t e r i u m

( I I  c

} I I  c.

} I I  0

Bet a b a c t e r i u m

21

I I I  a | Be t a b  a c t e  r iu m

I I I  b )T h e rm o h a c te r iu m
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The t r i b e  S t r e p t o c o c c e  a e , a s  d e s c r i b e d  i n  th e  s e v e n th  

e d i t i o n  o f  B e r g e y 's  M anual ( l 9 5 7 ) ,  c o n t a i n s  f i v e  g e n e r a ,  

D i p l o c o c c u s , S t r e p t o c o c c u s , P e d i o c o c c u s , L e u c o n o s to c  and 

P e p t o s t r e p t o c o c c u s , and o f  t h e s e ,  t h e  gen us  S t r e p t o c o c c u s  was 

th e  m ost o b v io u s  c a n d i d a t e  f o r  c o m p a r is o n  w i t h  L i s t e r i a .  

P e p t o s t r e p t o c o c c u s  i s  a n a e r o b i c ,  L e u c o n o s to c  h e t e r o f e r m e n t a t -  

i v e ,  and th e  o t h e r  two g e n e r a  a re  n u t r i t i o n a l l y  v e r y  e x a c t i n g .  

F o r  a s t u d y  b a s e d  u pon  homofe rm e n t a t i v e , l a c t i c  a c i d  b a c t e r i a  

w h ich  grow w e l l  o n  o r d i n a r y  m e d ia ,  i t  was e x p e d i e n t  t o  r e s t 

r i c t  r e p r e s e n t a t i o n  o f  t h e  S t r e p t o c o c c e a e  t o  th e  genu s  S t r e p 

t o c o c c u s .

S t r e p t o c o c c u s .

N o ta b le  among e a r l y  r e v ie w s  o f  t h e  s t r e p t o c o c c i  a r e  t h o s e  

by  Andrewes and H e r d e r  (1906) and O r l a - J e n s e n  ( l 9 1 9 ) .  Brown 

(1919) p u b l i s h e d  an  e x t e n s i v e  s t u d y  o f  t h e i r  h a e m o ly t i c  a c t 

i v i t y ,  b u t  th e  c l a s s i f i c a t i o n  s y s te m  o f  Sherm an ( l9 3 7 )  h a s  

p ro v e d  m ost u s e f u l .  H is  c r i t e r i a  d i v i d e d  th e  g en u s  i n t o  f o u r  

g ro u p s  -  th e  e n t e r o c o c c u s ,  l a c t i c ,  v i r i d a n s  and p y o g e n ic  

s t r e p t o c o c c i ,  s e e  TABLE 7.

S e y f r i e d  (1 9 6 8 ) ,  i n  a c o m p u te r - a id e d  n u m e r ic a l  tax o n o m ic  

s t u d y ,  o b s e r v e d  t h r e e  c l u s t e r s  among 82 s t r a i n s  o f  s t r e p t o 

c o c c i ,  and t h e s e  c o r r e l a t e d  w i t h  th e  p y o g e n ic ,  e n t e r o c o c c u s  

and l a c t i c  g ro u p s  o f  Sherm an ( l 9 3 7 ) .

Many o t h e r  w o rk e r s  have  i n v e s t i g a t e d  o r  r e v ie w e d  th e  

c l a s s i f i c a t i o n  o f  th e  s t r e p t o c o c c i ,  f o r  e x a m p le ,  Cdlman, ( 1968)^ 

Lance  f i e l d  ( 1969) and S h a r p e ,  F r y e r  and S m ith  ( 1966) ; and e v e n  

more have  c o n f i n e d  t h e i r  s t u d i e s  t o  th e  e n t e r o c o c c u s  g rou p  o r  

th e  s t r e p t o c o c c i  o f  s e r o l o g i c a l  g ro u p  D -  C o l w e l l ,  Mande1 and 

R a j  ( 1 9 6 7 ) ,  D e ib e l  ( 1 9 6 4 ) ,  D ru c k e r  and M e l v i l l e  ( 1969c} and
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TABLE 7. A c o m p a r is o n  o f  t h e  p h y s i o l o g i c a l  g r o u p in g s  

o f  S h e rm a n (1937) w i t h  t h e  s e r o l o g i c a l  g r o u p i n g s ,  o f  th e

P h y s i o l o g i c a l S e r o l o g i c a l 1 S p e c ie s
g roup* group"*"

D S. f a e c a l i s

D S. f a e c a l i s  v a r l i q u i f a c i e n s

e n t e r o c o c c u s D S. f a e c a l i s  v a r zym ogenes

D s. f  aec ium

D s. d u r  ans

D s. b o v i s

D s. e q u in u s

v i r i d a n s K s. s a l i v a r i u s

u n g ro u p e d s. m i t i s
n s. t h e r m o p h i lu s

l a c t i c
N
N

s.
s.

l a c t i s

c r e m o r i s

A s. p y o g e n e s

B s. a g a l a c t i a e

C s. e q u i
p y o g e n ic C

a l s o  E -  H

s. e q u i s i m i l i s

* b a s e d  u p o n  Sherm an (1 9 3 7 ) .

b a s e d  u p o n  S h a r p e , F r y e r  and S m ith  (1 9 6 6 ) .

N.B. s e r o l o g i c a l  g ro u p s  L to  T h av e  a l s o  b e e n  d e s i g n a t e d .
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( 1969b), H a r tm a n , R e in b o ld  and S a ra w a t  (1 9 6 6 ) ,  J o n e s ,  S a c k in  

and S n e a th  (1 9 7 2 ) ,  R a j  and  C o lw e l l  ( 1966) and R a j ,  C o lw e l l  

and L i s t o n ( 1 96 4 )•  I n  g e n e r a l  t h e s e  w o rk e rs  h av e  b e e n  i n  

a g re e m e n t  w i th  th e  d i v i s i o n s  o f  Sherm an (1 9 3 7 ) .

S e r o l o g i c a l  g ro u p in g  h a s  a l s o  b e e n  e x t r e m e l y  h e l p f u l  i n  

s t r e p t o c o c c a l  c l a s s i f i c a t i o n .  L a n c e f i e l d  ( l9 3 3 )  i n i t i a t e d  

th e  g r o u p in g  schem e w i th  h e r  s e r o l o g i c a l  s t u d y  o f  th e  haem

o l y t i c  s t r e p t o c o c c i ,  i n  w h ich  g ro u p s  A t o  £  were d e s c r i b e d ;  

t h e r e  a r e  now many more g ro u p s .  The r e l a t i o n s h i p  b e tw e e n  

th e  p h y s i o l o g i c a l  g ro u p s  o f  Sherm an (1 9 3 7 ) ,  and t h e  L a n c e f i 

e l d  s e r o l o g i c a l  g ro u p s  a re  i l l u s t r a t e d  i n  TABLE 7 . I n i t i a l l y  

a g re e m e n t  was t h o u g h t  t o  be good b e tw e e n  th e  two s y s te m s ,  

b u t  i t  was l a t e r  r e a l i z e d  t h a t  th e  g roup  D a n t i g e n  was fo u n d  

i n  b o th  th e  e n t e r o c o c c u s  g roup  and i n  some members o f  th e  

v i r i d a n s  g ro u p .

The n a t u r e  and  l o c a t i o n  o f  s e v e r a l  o f  th e  a n t i g e n s  h a s  

b e e n  d e te r m in e d ,  H a r tm an , R e in b o ld  and S a r a s w a t  ( 1 9 6 6 ) ,

Jo n e s  and S h a t t o c k  ( i9 6 0 )  and S m ith  and S h a t t o c k  ( 1 9 6 4 ) ,  

s e e  TABLE 8 ,  b a s e d  u pon  H artm an  e t  a l .  ( l 9 6 6 ) .

The DNA b a s e  c o m p o s i t i o n s o f  some s p e c i e s  have  b e e n  

d e te rm in e d  ( s e e  Jo n e s  and S n e a th  ( l 9 7 0 ) )  and a l l  f a l l  w i t h i n  

th e  r a n g e  34 t o  42 m o le s  #  GC, w i t h  a s  y e t  l i t t l e  p o s s i b i l i t y  

f o r  d i v i d i n g  th e  gen us  on  t h i s  b a s i s .

I t  i s  i n t e r e s t i n g  t h a t  f o r  b o th  t h e  genus  L a c t o b a c i l l u s  

and th e  g en u s  S t r e p t o c o c c u s  s e r o l o g i c a l ,  a s  w e l l  a s  p h y s i o l 

o g i c a l  c h a r a c t e r i s t i c s ,  have  b e e n  o f  m a jo r  im p o r ta n c e  i n  

c l a s s i f i c a t i o n .  R e p r e s e n t a t i v e s  o f  t h e  p h y s i o l o g i c a l  and 

m o st o f  th e  s e r o l o g i c a l  g ro u p s  o f  S t r e p t o c o c c u s  were c h o s e n  

f o r  i n c l u s i o n  i n  th e  p r e s e n t  s t u d y  b e c a u s e  a l t h o u g h  t h e y  a re
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TABLE 8 .  The c h e m ic a l  n a t u r e  and l o c a t i o n  o f  th e  

a n t i g e n i c  com ponen ts  o f  some o f  th e  L a n c e f i e l d  

s e r o l o g i c a l  g r o u p s ,  (B ased  u p o n  H artm an , R e in h o ld  

and S a r a s w a t  ( 1 9 6 6 ) ) .

Group Group s p e c i f i c  
a n t i g e n s

C h ie f  com ponen ts

A c e l l  w a l l  p o l y s a c c h a r i d e  rham nose  + g lu c o s a m in e

B rham nose  + g lu c o s a m in e

rham nose  + g a la c t o s a m in e

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

c e l l  w a l l  p o l y s a c c h a r i d e  rham nose  + g a la c to s a m in e
+ g a l a c t o s e

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

Q c e l l  w a l l

* i n t r a c e l l u l a r  means im m e d ia te ly  e x t e r i o r  t o  t h e  c e l l  

m em brane. (S m ith  and S h a t t o c k  ( 1 9 6 4 ) ) .
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c o c c o id ,  some s t r a i n s  o f  L i s t e r i a  and E r y s i p e l o t h r i x  c a n  

a p p e a r  c o c c o id  on  f i r s t  i s o l a t i o n ,  and many s t r a i n s  o f  s t r e p 

t o c o c c i  ( e s p e c i a l l y  g ro up  D) c a n  a p p e a r  as  e l o n g a t e d  c o c c o -  

h a c i l l i •

B r e v i h a c t e r i  ace a e ,

The f a m i ly  B r e v i h a c t e r i  ace  ae was c o n s t r u c t e d  hy  B re ed  i n  

t h e  s e v e n t h  e d i t i o n  o f  B e r g e y 's  M anual (1957) t o  p r o v i d e  a 

f a m i ly  f o r  th e  Gram p o s i t i v e ,  n o n - s p o r i n g ,  r o d - s h a p e d  b a c t e r 

i a  d i s p l a c e d  when th e  f a m i ly  B a c t e r i a c e a e  was a b o l i s h e d  

( s i x t h  e d i t i o n  o f  B e r g e y 's  M anual ( 1 9 4 8 ) ) ,  The d e f i n i t i o n  

( s e v e n t h  e d i t i o n  o f  B e r g e y 's  Manual (1 9 5 7 ) )  i s  so  vague t h a t  

th e  f a m i ly  c a n  i n c l u d e  any Gram p o s i t i v e ,  f e r m e n t a t i v e  o r  n o n -  

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

y e l lo w  o r  b row n r o d - s h a p e d  b a c t e r i a ,  and t h e r e  i s  no s p e c i f 

i c a t i o n  o f  c a t a l a s e  a c t i v i t y .  T here  a re  two g e n e r a ,  K u r t h i a  

and B r e v ib a c t e r i u m ,

B r e v ib a c t e r i u m ,

T h is  genus  i s  a s  h e t e r o g e n e o u s  a  c o l l e c t i o n  o f  b a c t e r i a  

a s  was t h e  f a m i ly  B a c t e r i a c e a e . I t  h a s  b e e n  r e p o r t e d  t h a t  

B r e v i b a c t e r i u m  w i l l  n o t  be l i s t e d  a s  su c h  i n  t h e  n e x t  ( e i g h t h )  

e d i t i o n  o f  B e r g e y 's  m an u a l,  b u t  i t s  i n c l u s i o n  i n  th e  p r e s e n t  

e d i t i o n ,  and th e  f a c t  t h a t  some o f  th e  members m e ta b o l i z e  

c a r b o h y d r a t e s  f e r m e n t a t i v e l y ,  made i t s  r e p r e s e n t a t i o n  i n  th e  

p r e s e n t  s t u d y  a d v i s a b l e ,

K u r t h i a ,

I n  c o m p a r is o n ,  K u r t h i a  i s  a f a i r l y  w e l l  d e f i n e d ,  homogen

e o u s  g ro u p  o f  b a c t e r i a ,  w h ich  was n o t  an  o b v io u s  c h o ic e  f o r  

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



35
m e ta b o l i s m .  The g e n u s ,  h o w e v er ,  h ad  o f t e n  b e e n  l i n k e d  w i th  

M. th e rm o sp h a c tu m  on th e  b a s i s  o f  m o rp h o lo g y , as  b o th  fo rm  

r e l a t i v e l y  l a r g e  c o l o n i e s  w i th  d e e p ly  s e r r a t e d  e d g e s  on  s o l i d  

m ed ia  (G a rd n e r  ( 1 9 6 9 ) ) .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  two 

g ro u p s  d i f f e r  o n ly  i n  t h e i r  m e ta b o l i s m  o f  c a r b o h y d r a t e s ,  and 

t h a t  t h e y  a re  o th e r w i s e  v e r y  s i m i l a r .  T e s t s  w hich  d i s t i n g u i 

sh  th e  two g ro u p s  h a v e ,  h o w e v e r ,  b e e n  l i s t e d  by  G a rd n e r  (1969). 

R e p r e s e n t a t i v e s  o f  t h e  s p e c i e s  K. z o p f i i  w ere  i n c l u d e d  i n  th e  

p r e s e n t  s t u d y  t o  a l lo w  y e t  a n o th e r  c o m p a r is o n  w i th  M. th e rm 

o sp h a c tu m  to  be made, and t o  p r é v i d e  a p o s s i b l e  o p p o r t u n i t y  

t o  s u p p o r t  th e  c o n c l u s i o n s  o f  G a rd n e r  ( 1 9 6 9 ) .  Two o t h e r  

s p e c i e s  o f  K u r t h i a , K v a r i a b l i s  and K. b e s s o n i i . a r e  i n c l u d e d  

i n  th e  s e v e n t h  e d i t i o n  o f  B e r g e y 's  M anual ( 1 9 5 7 ) ,  b u t  c u l t u r e s  

o f  t h e s e  s p e c i e s  p ro v e d  to  be u n o b t a i n a b l e .

P r o p i o n i b a c t e r i a c e a e .

Members o f  t h i s  f a m i ly  a re  c h a r a c t e r i z e d  ( s e v e n t h  e d i t 

i o n  o f  B e r g e y 's  M a n u a l(1957 ))  by  t h e  f a c t  t h a t  t h e y  f e r m e n t  

c a r b o h y d r a t e s ,  g e n e r a l l y  l a c t i c  a c i d ,  and  i n  some i n s t a n c e s  

p o l y h y d r o x y a l c o h o l s ,  t o  s a t u r a t e d  a l i p h a t i c  c a r b o x y l i c  a c i d s .  

Some o f  t h e s e  Gram p o s i t i v e  r o d  s h a p e d  b a c t e r i a  e x h i b i t  

p le o m o rp h ism ; t h e y  a re  g e n e r a l l y  c a t a l a s e  p o s i t i v e  and  a re  

a n a e r o b i c  t o  m i c r o a e r o p h i l i c .  Of th e  t h r e e  g e n e r a ,  P r o p i o n i 

b a c t e r i u m , B u t y r i b a c t e r i u m  and Z y m o b ac te r iu m , th e  fo rm e r  a d a 

p t s  q u i t e  r e a d i l y  to  g ro w th  u n d e r  a e r o b i c  c o n d i t i o n s ,  and was, 

t h e r e f o r e ,  o f  g r e a t e r  i n t e r e s t  f o r  th e  p r e s e n t  s t u d y .  

P r o p i o n i b a c t e r i u m .

Members o f  th e  g en u s  P r o p i o n i b a c t e r i u m  p ro d u c e  p r o p i o n i c  

a c i d  a s  t h e  m ain  f e r m e n t a t i o n  p r o d u c t ,  w i th  a c e t i c  a c i d  and
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t r a c e s  o f  s u c c i n i c  a c i d  and c a r b o n  d i o x i d e .  They a r e  v e r y  

p l e o m o r p h ic ,  w h ich  p o s s i b l y  s u g g e s t s  a r e l a t i o n s h i p  t o  t h e  

f a m i ly  C o r y n e b a c t e r i a c e a e , As m e n t io n e d  e a r l i e r ,  S e y f r i e d  

(1968) c o u ld  f i n d  no j u s t i f i c a t i o n  f o r  p l a c i n g  th e  g e n u s  

L a c t o b a c i l l u s  i n  th e  f a m i ly  P r o p i o n i b a c t e r i a c e a e , a s  S t a n i e r ,  

D o u d o ro f f  and A d e lb e rg  (1963) had  s u g g e s t e d .

M ic r o c o c c a c e a e .

T h is  f a m i ly  i s  d e f i n e d  i n  th e  s e v e n th  e d i t i o n  o f  B e rg 

e y ' s  M anual (1957) a s  a g ro u p  o f  Gram p o s i t i v e ,  n o n - s p o r e -  

f o r m in g ,  c a t a l a s e  p o s i t i v e  c o c c i ,  many o f  w h ich  p ro d u c e  n o n -  

w a t e r - s o l u b l e  y e l l o w ,  o r a n g e ,  p in k  o r  r e d  p ig m e n t s .  T h e re ;  

i s  a r a n g e  from  s a p r o p h y t i c  t o  p a r a s i t i c ,  so m e tim es  p a th o g e n 

i c ,  and th e  s k i n  and s k i n  g l a n d s  a r e  t h e  m ost f r e q u e n t  h a b i t 

a t .  Oxygen r e q u i r e m e n t s  r a n g e  from  a e r o b i c  t o  a n a e r o b i c .

T h e re  a re  s i x  g e n e r a  l i s t e d  i n  th e  s e v e n th  e d i t i o n  o f  B e rg 

e y ' s  M anual ( 1 9 5 7 ) ,  M ic r o c o c c u s , S t a p h l y o c o c c u s , G a f f k y a ,  

S a r c i n a .  M eth an o co ccu s  and P e p t o c o c c u s . The l a t t e r  two g en 

e r a  a r e  s t r i c t l y  a n a e r o b i c ,  and do n o t ,  t h e r e f o r e ,  f a l l  

w i t h i n  th e  r e a lm  o f  th e  p r e s e n t  s t u d y .  The g e n e r i c  name 

G a f f k y a ,  h a s  b e e n  r e j e c t e d  by  th e  J u d i c i a l  C om m ission  ( l 9 7 l )  

and th e  ty p e  s p e c i e s  o f  th e  g en u s  S a r c i n a , S .  l u t e a , h a s  b e e n  

rem oved  by B a i r d - P a r k e r  (1963) t o  th e  g en us  M ic r o c o c c u s ,  and 

ren am ed  M. l u t e u s .  I t  w as , t h e r e f o r e ,  d o u b t f u l  w h e th e r  th e  

i n c l u s i o n  o f  r e p r e s e n t a t i v e s  o f  th e  g e n e r a  G a f fk y a  and  S a r c i n a  

was j u s t i f i a b l e .  S in c e  t h e  f a m i ly  was m a in ly  o f  i n t e r e s t  a s  

a  m a rk e r  g ro u p ,  a few  members o f  t h e  more w e l l - d e f i n e d  g e n e r a ,  

M ic ro c o c c u s  and S t a p h y l o c o c c u s , p r o v i d e d  s u f f i c i e n t  r e p r e s e n t 

a t i o n .
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The taxo nom ic  p o s i t i o n  o f  th e  g e n e r a  S ta p h y lo c o c c u s  and 

M ic ro c o c c u s  h a s  b e e n  d i s c u s s e d  by many w o r k e r s ,  f o r  e x am p le ,  

B a i r d - P a r k e r  (1 9 6 3 ) ,  J o n e s ,  D e ib e l  and N iv e n  (1963) and 

Jo n e s  and N iv e n  (1 9 6 4 ) ,  and i t  i s  g e n e r a l l y  a c c e p te d  t h a t  

th o s e  s t r a i n s  w hich  a r e  a b le  t o  grow a n a e r o b i c a l l y  i n  a 

com plex  medium c o n t a i n i n g  g lu c o s e  b e lo n g  to  t h e  gen us  S ta p h 

y l o c o c c u s , w h e re a s  t h o s e  w hich  do n o t  grow b e lo n g  t o  th e  

g e n u s  M ic ro c o c c u s  (E v a n s .  B ra d fo r d  and N iv en  ( 1 9 5 5 ) ) .

T h ere  w ere  a few u n u s u a l  o r g a n i s m s ,  o f  w h ich  th e  tax o n o m ic  

p o s i t i o n  was u n c l e a r ,  w h ich  w ere a l s o  c h o s e n  f o r  i n c l u s i o n  i n  

th e  p r e s e n t  s t u d y .  Two a t y p i c a l  s t r a i n s  o f  A r t h r o b a c t e r  s p . , 

w h ich  h a d  b e e n  i s o l a t e d  from  t h r o a t  sw abs by D r. B. B r z i n ,  

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

b e c a u s e  o f  a s u p e r f i c i a l  m o r p h o lo g ic a l  r e s e m b la n c e  t o  an  odd 

s t r a i n ,  G 9 , r e c e i v e d  a s  a s t r a i n  o f  L i s t e r i a  s p .  O th e r  

o rg a n is m s  w hich  w ere i n c l u d e d  were t h r e e  s t r a i n s  o f  B a c te r iu m  

e u r y d i c e , t h r e e  s t r a i n s  o f  G em ella  h a e m o ly s a n s  and one s t r a i n  

r e c e i v e d  a s  N e i s s e r i a  h a e m o ly s a n s .

B a c te r iu m  e u r y d i c e .

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

t h e  e u p o p e a n  f o u lb r o o d  d i s e a s e  o f  h o n ey  b e e s  (W hite  (1920) 

and B a i l e y  ( i 9 6 0 ) )  and from  a p p a r e n t l y  h e a l t h y  honey  b e e s  

(B a i le y  ( 1 9 6 3 ) ) .  I t  i s  r e f e r e d  t o  a s  A c h ro m o b a c te r  e u r y d i c e  

i n  th e  s e v e n t h  e d i t i o n  o f  B e r g e y 's  M anual ( 1 9 5 7 ) .  B a c i l l u s  

p l u t o n  o r  S t r e p t o c o c c u s  p l u t o n  was a l s o  i s o l a t e d  from  c a s e s  

o f  e u ro p e a n  f o u lb r o o d  and was b e l i e v e d  by W hite  (1920) and 

B a i l e y  ( i9 6 0 )  t o  be th e  c a u s a l  a g e n t  o f  th e  d i s e a s e .  B u r r i  

(1943) s u g g e s t e d  t h a t  B. e u r y d i c e  and S . p l u t o n  were d i f f e r 

e n t  m o r p h o lo g ic a l  fo rm s o f  th e  same s p e c i e s ,  and t h a t  th e
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r o d s  o f  B. e u r y d i c e , u n d e r  c e r t a i n  c o n d i t i o n s ,  gave r i s e  t o  

th e  c o c c i  o f  S , p l u t o n .  B o th  s p e c i e s  e x h i b i t  b e t t e r  g row th  

u n d e r  a n a e r o b i c  c o n d i t i o n s ,  b u t  S . p l u t o n  u t i l i z e s  g lu c o s e  

and f r u c t o s e  w i th  no a c i d  p r o d u c t i o n ,  w h i le  B. e u r y d i c e  f e r 

m en ts  c a r b o h y d r a t e s .  S . p l u t o n  i s  w e ak ly  c a t a l a s e  p o s i t i v e ,  

b u t  B. e u r y d i c e  i s  c a t a l a s e  n e g a t i v e ,  and B a i l e y  (1957) 

r e p o r t e d  a p o t a s s i u m  d e p en d en ce  f o r  S . p l u t o n  w hich  i s  n o t  

e x h i b i t e d  by  B. e u r y d i c e .  I t ,  t h e r e f o r e ,  a p p e a re d  t h a t  t h e s e  

two s p e c i e s  are, ip jfa c t ,  d i s t i n c t  from  e a c b |o th e r .

I n  v iew  o f  i t s  f e r m e n t a t i v e  c a r b o h y d r a t e  m e ta b o l i s m ,  and 

th e  f a c t  t h a t  so  l i t t l e  was known a b o u t  i t .  B a c te r iu m  e u r y 

d i c e  was an  i n t e r e s t i n g  s p e c i e s  f o r  c o m p a r is o n  w i th  th e  l a c t i c  

a c i d  b a c t e r i a .

G e m e lla  h a e m o ly s a n s .

T h is  s p e c i e s  was f i r s t  d e s c r i b e d  by  T h j ÿ t t a  and B^e i n  

1938 and named N e i s s e r i a  h a e m o ly s a n s . I t  was d e s c r i b e d  a s  a 

Gram n e g a t i v e  c o c c o i d a l  b a c t e r i u m  w hich  r e s e m b le d  N. s i c c a  

i n  i t s  f e r m e n t a t i o n  r e a c t i o n s ,  b u t  d i f f e r e d  from  i t  b e c a u s e  

i t  was h a e m o ly t i c .  The s p e c i e s  was l i s t e d  i n  th e  s e v e n t h  

e d i t i o n  o f  B e r g e y 's  M anual ( 1 9 5 7 ) .

I n  1961 B e r g e r  r e i n v e s t i g a t e d  th e  s p e c i e s  and fo u n d  t h a t  

th e  s t r a i n s  were c a t a l a s e ,  o x id a s e  and p e r o x i d a s e  n e g a t i v e ,  

c h a r a c t e r i s t i c s  w h ich  he t h o u g h t  r e s e m b le d  l e s s  N e i s s e r i a  

t h a n ,  f o r  e x a m p le ,  t h e  s t r e p t o c o c c i .  Hey t h e r e f o r e ,  p r o p o s e d  

t h a t  a  new m o n o ty p ic  g e n u s ,  G em ella  h a e m o ly s a n s ,  be c r e a t e d  

f o r  t h e s e  b a c t e r i a  so  t h a t  t h e y  c o u ld  be rem oved from  th e  

g en us  N e i s s e r i a , and t h a t  G em ella  s h o u ld  be i n c l u d e d  i n  th e  

f a m i ly  N e i s s e r i a c e a e  t o g e t h e r  w i th  t h e  g e n e r a  N e i s s e r i a  and 

V e i l l o n e l l a .
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Yamakawa and U e ta  (1964) i n v e s t i g a t e d  th e  f a t t y  a c i d  and 

c a r b o h y d r a t e  c o m p o s i t io n s  o f  N e i s s e r i a  s p e c i e s ,  and found  

t h a t  N. h a e m o ly sa n s  d i f f e r e d  from  th e  o t h e r  N e i s s e r i a  i n  

b o th  o f  t h e s e  c h a r a c t e r i s t i c s .  R eyn , B i r c h - A n d e r s e n  and 

Lapage (1966) show ed, o n  th e  b a s i s  o f  an  e l e c t r o n  m ic ro sc o p e  

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

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

i v e  b a c t e r i a ,  c h a r a c t e r i s t i c s  w h ich  t h e y  th o u g h t  s u p p o r t e d  

th e  a c c e p ta n c e  o f  th e  g e n e r i c  name G e m e lla ,  t o  s e p a r a t e  t h e s e  

b a c t e r i a  from  th e  o t h e r  members o f  th e  genus  N e i s s e r i a .

R eyn , B i r c h - A n d e r s e n  and B e r g e r  (1970) f u r t h e r  i n v e s t i g a t e d  

th e  g ro u p  and r e p o r t e d  t h a t  th e  DNA b a se  r a t i o  was 3 3 .5  m o les  

#  GC, com pared  w i th  v a l u e s  i n  t h e  r e g i o n  o f  50 m o le s  % GC f o r  

th e  o t h e r  members o f  t h e  genus  N e i s s e r i a .  These w o rk e r s  and 

R eyn  (1969) and (1970) s u g g e s t e d  t h a t  G em ella  h a e m o ly s a n s  was 

n o t  r e l a t e d  to  th e  N e i s s e r i a c e a e  b u t  s h o u ld  be a s s i g n e d  t o  a 

f a m i ly  o f  Gram p o s i t i v e  b a c t e r i a ,  p o s s i b l y  t h e  L a c t o b a c i l l a c 

eae  i n  th e  t r i b e  S t r e p t o c o c c e a e . C l e a r l y  i t  was i m p o r t a n t  t o  

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

As s t a t e d  e a r l i e r  t h e  aim  o f  th e  work r e p o r t e d  h e r e  was 

t o  i n v e s t i g a t e  th e  tax o n o m ic  p o s i t i o n  o f  L i s t e r i a . The p r o d 

u c t i o n  o f  m a in ly  l a c t i c  a c i d  by  L i s t e r i a  s u g g e s t s  a r e l a t i o n 

s h i p  t o  t h e  f a m i ly  L a c t o b a c i l l a c e  ae ( M i l l e r  and S i lv e r m a n  

(1959)), b u t  i t s  weak c a t a l a s e  p r o d u c t i o n  h a s  so  f a r  p r e v e n t e d  

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

c e s  l a c t i c  a c i d ,  d o es  n o t  p ro d u c e  c a t a l a s e ,  o r  c o n t a i n  c y t o 

c h ro m e s ,  and l i k e  L i s t e r i a ,  f a i l s  t o  e x h i b i t  " c o r y n e f o r m ” 

m o rpho logy  and i s ,  t h e r e f o r e ,  a s t r o n g  c a n d i d a t e  f o r  i n c l u s 

i o n  i n  t h e  f a m i ly  L a c t o b a c i l l a c e a e . M ic r o b a c te r iu m  th e r m o s -
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•phactma p h y s i o l o g i c a l l y  c l o s e l y  r e s e m b le s  L i s t e r i a ,  b u t  

shows a s t r o n g  c a t a l a s e  r e a c t i o n .  I n  v iew  o f  r e p o r t s  by  

D acre  and S h a rp e  ( 1 9 5 6 ) ,  V a # k o v 6 ( l9 5 7 )  and IV h i t te n b u ry  (1964) 

t h a t  weak c a t a l a s e  a c t i v i t y  h a s  b e e n  d e t e c t e d  i n  b a c t e r i a  

a l r e a d y  p l a c e d  i n  th e  f a m i ly  L a c t o b a c i l l a c e a e . i t  a p p e a r s  

t h a t  t h e  f a m i ly  s h o u ld  be r e d e f i n e d ,  i n  w h ich  c a s e .  L i s t e r i a  

and M. th e rm o sp h a c tu m  w ould  be s t r o n g  c o n te n d e r s  f o r  t r a n s 

f e r  i n t o  th e  L a c t o b a c i l l a c e a e .

I n  c h o o s in g  b a c t e r i a  f o r  th e  p r e s e n t  s t u d y  o f  th e  t a x 

onom ic p o s i t i o n  o f  L i s t e r i a ,  r e p r e s e n t a t i v e s  o f  th e  f o l lo w 

in g  g e n e r a  w ere in c lu d e d ,  from  a v a r i e t y  o f  s o u r c e s ,  and 

i n c l u d i n g  th e  ty p e  s t r a i n s  w hen ev er  p o s s i b l e  -  B a c te r iu m  ( 3 ) ,  

B r e v i b a c t e r i u m  ( ? ) .  C e l lu lo m o n a s  ( 6 ) ,  C o r y n e b a c te r iu m  ( 9 ) .  

E r y s i p e l o t h r i x  ( 1 3 ) ,  G e m e lla  ( 4 ) .  K u r t h i a  ( l O ) .  L a c t o b a c i l l u s  

( 2 5 ) ,  L i s t e r i a  ( 4 8 ) ,  M ic r o b a c te r iu m  ( 2 5 ) ,  M ic ro c o c c u s  ( 4 ) ,  

P r o p i o n i b a c t e r i u m  ( 4 ) ,  S ta p h y lo c o c c u s  ( 4 ) ,  S t r e p t o c o c c u s  (28)  

and two u n i d e n t i f i e d  s t r a i n s  from  t h r o a t  sw abs .

Due t o  th e  l i m i t a t i o n s  im posed  by th e  co m p u te r  p ro g ra m , 

and t im e ,  no s t r i c t l y  a n a e r o b i c  s t r a i n s  were i n c l u d e d ,  n o r  

any h e t e r o f e r m e n t a t i v e  s t r a i n s  o t h e r  t h a n  t h o s e  w i t h i n  th e  

g e n u s  L a c t o b a c i l l u s , T here  i s  u n d o u b te d ly  a n e ed  to  s tu d y  

t h e  r e l a t i o n s h i p s  o f  th e  h e t e r o f e r m e n t a t i v e  s t r a i n s ,  from  

g e n e r a  su c h  as  L e u c o n o s to c , b u t  t h e  p r i n c i p l e  o b j e c t i v e  o f  

th e  p r e s e n t  s t u d y  was t o  i n v e s t i g a t e  th e  r e l a t i o n s h i p s  o f  th e  

h o m o f e r m e n ta t iv e  l a c t i c  a c i d  g e n u s .  L i s t e r i a ,

I t  was d e c id e d  to  s t u d y  th e  s t r a i n s  o f  L i s t e r i a  and th e  

c h o s e n  c o m p a ra t iv e  o rg a n is m s  by two t e c h n i q u e s ,  c o m p u te r -  

a i d e d  n u m e r ic a l  taxonom y and s e r o l o g y .
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METHODS

I .  S t r a i n s  and  M a in te n a n c e .

A l l  b a c t e r i a  [A ppend ix ’ l ]  were m a i n t a i n e d  i n  p e t r i  

d i s h e s  on  B a s a l  Medium a g a r  ( h e r e a f t e r  r e f e r r e d  t o  a s  BM 

a g a r )  [see  A ppend ix  I I  f o r  c o n s t i t u t i o n  and  s e c t i o n  ( a ) b e l o w  

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

s t r e p t o c o c c i ,  w hich  t e n d e d  t o  e x h i b i t  good g ro w th ,  b u t  l i m i t 

ed  s u r v i v a l  on  BM a g a r ,  were s u b c u l t u r e d  tw ic e  w e e k ly ,  a l l  

o t h e r  b a c t e r i a  once a w eek. A l s o ,  on  r e c e i p t ,  a l l  b a c t e r i a  

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

S p e e d iv a c  c e n t r i f u g a l  f r e e z e - d r y e r  (Model 5PS E dw ards H igh  

Vacuum L t d . ) .  The a m p o u les  o b t a i n e d ,  h a v in g  b e e n  t e s t e d  f o r  

s u r v i v a l  and  p u r i t y ,  were s t o r e d  a s  a r e s e r v e  s o u r c e  o f  th e  

b a c t e r i a •

a) C h o ice  o f  B a s a l  M ed ia .

The d i v e r s i t y  o f  t h e  t a x a  c h o s e n  n e c e s s i t a t e d  th e  d ev 

e lo p m e n t  o f  a b a s a l  medium w hich  a l lo w e d  good g ro w th  o f  a l l  

t h e  s t r a i n s .  The l a c t o b a c i l l i  w ere t h e  m o st dem anding  

n u t r i t i o n a l l y ,  and  t h e r e f o r e ,  th e  m edia o f  DeMan, R ogosa  and  

S h a rp e  (DeMan, Rogosa and  S h a r p e ,  I960) (O xoid M .R.S. a g a r  

CM361, and  M .R.S . b r o t h  CM359), d e v e lo p e d  by t h e s e  w o rk e r s  

f o r  th e  g ro w th  o f  l a c t o b a c i l l i ,  were c h o s e n  a s  ( p o s s i b l e  

b a s i s .

I n i t i a l l y ,  g ro w th  o f  r e p r e s e n t a t i v e s  from  e a c h  t a x o n ,  on  

M .R.S. a g a r  and  i n  M .R .S . b r o t h ,  was i n v e s t i g a t e d .  H ow ever, 

a s  some b a c t e r i a  ( e . g . .  S t r e p t o c o c c u s  p y o g e n e s  G120) show ed
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l i m i t e d  o r  no g ro w th  on  M .R.S . a g a r  o r  i n  M .R.S . b r o t h ,  i t  

was d e c id e d  t o  s t u d y  th e  e f f e c t  o f  o m i t t i n g  th e  a c e t a t e  a n d ,  

o r  c i t r a t e .  Growth o f  th e  l a c t o b a c i l l i  was n o t  s i g n i f i c a n t l y  

r e d u c e d  by  o m i t t i n g  th e  a c e t a t e  o r  c i t r a t e ,  some b a c t e r i a  

grew b e t t e r  w i th  one o f  th e  s i n g l e  o m is s io n s  ( e . g . ,  S. 

p y o g e n e s  G120 on o m is s io n  o f  a c e t a t e .  M ic r o b a c te r iu m  th e r m o s -  

ph a c tu m  G86 on o m is s io n  o f  c i t r a t e ) , b u t  a l l  e x h i b i t e d  good 

g ro w th  i n  th e  a b s e n c e  o f  b o th  t h e c i t r a t e  and  th e  a c e t a t e .

The m o d i f i e d  M .R.S. a g a r  and  M.R. S,  b r o t h  were b o th  

t e s t e d  a s  g row th  m edia f o r  th e  e n t i r e  c o l l e c t i o n  and  fo u nd  to  

be s u i t a b l e .  These  m o d i f i c a t i o n s  o f  M .R.S. a g a r  and  M .R.S. 

b r o t h  w i l l  h e r e a f t e r  be r e f e r r e d  to  a s  BM a g a r ,  and  B a s a l  

Medium b r o t h  (BM b r o t h ) , r e s p e c t i v e l y .

A f u r t h e ÿ k a s a l  medium was fo un d  to  be n e c e s s a r y  f o r  

c e r t a i n  t e s t s ,  a s  Lab Lemco (O xoid  L29) and  Y e a s t  E x t r a c t  

(O xoid  L 2 l ) , two o f  th e  c o n s t i t u e n t s  o f  BM a g a r  and  BM b r o t h ,  

c o n t a i n  t r a c e s  o f  t r e h a l o s e  w hich  c a n  a c t  a s  a c a r b o n  s o u r c e .  

T h is  h ad  o b v io u s  i m p l i c a t i o n s  f o r  s u g a r  f e r m e n t a t i o n  t e s t s ,  

t e s t s  o f  a b i l i t y  t o  u se  v a r i o u s  c a r b o n  s o u r c e s ,  and  c e r t a i n  

h y d r o l y s i s  r e a c t i o n s .  A "S u g a r"  B a s a l  Medium ( h e r e a f t e r  

r e f e r r e d  t o  a s  SBM) was t h e r e f o r e  d e v e lo p e d ,  i n  w h ich  Lab 

Lemco was c o m p le t e ly  o m i t t e d ,  and  Y e a s t  E x t r a c t  was u s e d  a t  

a r e d u c e d  l e v e l  o f  I g .  p e r  l i t r e .  When b r o m - c r e s o l  p u r p l e  

was ad d ed  t o  t h i s  medium, none o f  th e  s t r a i n s  showed any  

d e t e c t a b l e  a c i d  p r o d u c t i o n ,  w hich  d e m o n s t r a te d  i t s  s u i t a b i l 

i t y  a s  a b a s a l  medium f o r  f e r m e n t a t i o n  t e s t s  e t c .
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b) C h o ic e  o f  I n c u b a t i o n  T e m p e ra tu re s

I t  was n o t  p o s s i b l e  t o  u s e  a s i n g l e  i n c u b a t i o n  t e m p e r a tu r e  

f o r  t h e  s u r v e y ,  b e c a u s e  t h e r e  was no one t e m p e r a t u r e  a t  w hich  

a l l  o f  th e  s t r a i n s  w ould  grow. M ic r o b a c te r iu m  th e rm o sp h a c tu rn ,  

f o r  e x a n p l e ,  w i l l  n o t  grow a t  35®C, w h e re a s  c e r t a i n  l a c t o b a c 

i l l i  and  s t r e p t o c o c c i  grow b a r e l y , o r  n o t  a t  a l l ,  a t  30^0.

S in c e  t h e  m a j o r i t y  o f  th e  s t r a i n s  grew w e l l  a t  35®C, t h i s  was 

c h o s e n  a s  th e  m ain  i n c u b a t i o n  t e m p e r a t u r e .

The s t r a i n s  o f  M. th e rm o sp h a c tu m , t o g e t h e r  w i th  a r e p r e s 

e n t a t i v e  s e l e c t i o n  o f  46 s t r a i n s  from  th e  o t h e r  g e n e r a ,  were 

i n c u b a t e d  a t  30^C. These l a t t e r  s t r a i n s  were grown a t  30®C 

and  35®C so  t h a t  t h e  v a r i a t i o n  p ro d u c e d  by a l t e r i n g  t h e  i n c 

u b a t i o n  t e m p e r a tu r e  c o u ld  be fo u n d ,  th u s  g i v i n g  a n  i n d i c a t i o n  

o f  t h e  e f f e c t  on  c l u s t e r i n g ,  s i m i l a r i t y  l e v e l s ,  e t c . ,  o f  u s 

in g  two i n c u b a t i o n  t e m p e r a t u r e s  i n  th e  s u r v e y .

I I .  B a c t e r i o l o g i c a l  T e s t  M ethods. 

a )  M o r p h o lo g ic a l .

T hese  t e s t s  were u s e d  t o  o b t a i n  t h e  r e s u l t s  f o r  c h a r a c t e r s  

1 -34  i n  TABLE 9 .  B lood  A gar [ s e e  A ppend ix  I I ]  # a s  u s e d  f o r  

th e  c o l o n i a l  m o rp ho lo gy  and  Gram s t a i n s ,  a l l  r e s u l t s  b e in g  

r e a d  a t  1 and  4 d a y s .  The h a e m o ly t i c  a b i l i t y  ( a lp h a  o r  b e t a  

h a e m o ly s i s )  o f  th e  s t r a i n  was r e c o r d e d  a f t e r  1 an d  2 d a y s ,  

th e  c u l t u r a l  c h a r a c t e r i s t i c s  i n  a l i q u i d  medium w ere s t u d i e d  

i n  BM b r o t h  a f t e r  i n c u b a t i o n  f o r  1 and  4 d a y s .  M o t i l i t y  and  

tu m b l in g  w e r e ’- i n v e s t i g a t e d  (b y  th e  h a n g in g  d ro p  t e c h n iq u e )  

u s i n g  BM b r o t h  i n c u b a t e d  f o r  24 h o u r s .
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b) B i o c h e m i c a l  and  P h y s i o l o g i c a l .

A l l  t e s t  media  were i n o c u l a t e d  u s i n g  48 h o u r  c u l t u r e s  o f  

t h e  s t r a i n s  on BM a g a r ,  and  i n c u b a t e d  a t  t h e i r  c h o s e n  temp

e r a t u r e ,  u n l e s s  o t h e r w i s e  s t a t e d .  The t e s t s ,  t i m e s  o f  r e a d 

i n g  and c o d in g  f o r  t h e  c o m p u te r  a r e  l i s t e d  i n  TABLE 9 ,  d e t a i l s  

o f  t h e  t e s t  media  an d  t e s t  r e a g e n t s  a r e  g i v e n  i n  A ppend ix  I I .  

An u n i n o c u l a t e d  c o n t r o l  was a lw a y s  i n c l u d e d ,  an d  when d i v i d e d  

d i s h e s  were em ployed  t h e  m u l t i p o i n t  i n o c u l a t o r  o f  S n e a th  and  

S t e v e n s ,  (1961) was u s e d  f o r  i n o c u l a t i o n  and  s u b c u l t u r e .

A e s c u l i n  h v d r o l y s i s  was o b s e r v e d  i n  a e s c u l i n  b r o t h ,  a s  a 

b l a c k e n i n g  and  l o s s  o f  s h e e n  1 and  5 days  a f t e r  i n o c u l a t i o n .

Ammonia p r o d u c t i o n  f rom  p e p t o n e  was s t u d i e d  i n  d i v i d e d  

d i s h e s  u s i n g  s o l i d  SBM p l u s  b r o m - c r e s o l  p u r p l e  (0 .003% w /v) .

A deep  p u r p l e  c o l o u r a t i o n  i n d i c a t e d  ammonia p r o d u c t i o n .

A n t i b i o t i c  s e n s i t i v i t v . The o r g a n i s m s  were grown i n  7-8ml 

q u a n t i t i e s  o f  BM b r o t h  f o r  24 h o u r s .  These  b r o t h s  were  t h e n  

u s e d  t o  s e e d  t h r e e  BM a g a r  p l a t e s  p e r  o r g a n i s m ;  when d r y ,  

h i g h  p o t e n c y  S e n t e s t  t a b l e t s  (Evans  M e d i c a l ,  S p e k e ,  L i v e r p o o l )  

were  d i s p e n s e d  o n to  t h e  l aw n s  u s i n g  a s p e c i a l  a p p l i c a t o r .

The p l a t e s  were  o b s e r v e d  a f t e r  1 and  2 d ays  f o r  p a r t i a l  and  

c o m p le te  z o n e s  o f  i n h i b i t i o n ,  and  a l s o  f o r  s t i m u l a t i o n  i n  t h e  

c a s e  o f  s u l p h a n i l a m i d e . The a n t i b i o t i c s  a r e  l i s t e d  i n  TABLE 

9 ( c h a r a c t e r s  8 7 - 9 7 ) .

A r g i n i n e  d e a m i n a t i o n  wa s  o b s e r v e d  a s  p r o d u c t i o n  o f  a n  

a l k a l i n e  pH w hich  c a u s e d  t h e  n e u t r a l  r e d  i n d i c a t o r  t o  change  

f rom  a s t r a w  c o l o u r  t o  p i n k .  The t e s t  was p e r f o r m e d  a e r o b 

i c a l l y  an d  a n a e r o b i c a l l y ,  and  r e a d i n g s  were t a k e n  a f t e r  2 and  

5 d ay s  i n c u b a t i o n .

C a rbo n  s o u r c e s .  SBM b r o t h s  c o n t a i n i n g  l%w/v o f  e a c h  o f  th e
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c a r b o n  s o u r c e s  ( c h a r a c t e r s  134-142 i n  TABLE 9 )  and c o n t r o l  

t u b e s  c o n t a i n i n g  SBM b r o t h  o n l y ,  were i n o c u l a t e d  f o r  e a c h  

b a c t e r i u m  and i n c u b a t e d  f o r  5 d a y s .  The a b s o r b a n c e  a t  540nm. 

was r e c o r d e d  u s i n g  a B ausch  and Lomb S p e c t r o n i c  20 s p e c t r o 

p h o t o m e t e r ,  and a c a r b o n  s o u r c e  was c o n s i d e r e d  t o  have  b e e n

u t i l i s e d  i f  t h e  a b s o r b a n c e  o f  th e  p a r t i c u l a r  tu b e  was a t

l e a s t  t w i c e  t h a t  o f  t h e  c o n t r o l  t u b e .

C a s e i n  h y d r o l y s i s  .was t e s t e d  by s t r e a k i n g  C a s e i n  a g a r  p l a t e s  

w i t h  e a c h  b a c t e r i u m ,  and o b s e r v i n g  f o r  z o n e s  o f  c l e a r i n g  and ,  

o r ,  p r e c i p i t a t i o n  a f t e r  1 , 2 , 5 , 8 , 1 1  and 15 d a y s .

C a t a l a s e  a c t i v i t y  was t e s t e d  by  p l a c i n g  a d ro p  o f  20 volume 

h y d r o g e n  p e r o x i d e  on 24 h o u r  c u l t u r e s  on  BM a g a r ,  and o b s e r v 

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

C e l l u l o s e  h v d r o l v s i s  was t e s t e d  u s i n g  BM b r o t h  m inus  t h e

g l u c o s e ,  t o  which  s t r i p s  o f  Ukatman No, 1 f i l t e r  p a p e r  were 

added s u c h  t h a t  th e  p a p e r  was o n l y  h a l f  subm erged  i n  t h e  

b r o t h .  The t u b e s  were  o b s e r v e d  up t o  70 days  a f t e r  i n o c u l a 

t i o n  f o r  b reakdow n  o f  t h e  p a p e r .

D e o x y r i b o n u c l e a s e  a c t i v i t y  was i n v e s t i g a t e d  u s i n g  DNase a g a r  

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

t i o n s  f o r  z o n es  o f  h y d r o l y s i s  were  made a f t e r  6 days  i n c u b a 

t i o n ,  and f o r  u n c e r t a i n  r e s u l t s  t h e  p l a t e s  were f l o o d e d  w i t h  

IN HCl f o r  a few m i n u t e s ,  t o  f a c i l i t a t e  d e t e c t i o n  o f  any 

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

a r e a s  o f  DNA,

Gas p r o d u c t i o n  f rom  g l u c o s e , Tubes o f  G lu c o se  b r o t h  were 

i n o c u l a t e d ,  and o b s e r v a t i o n s  were made f o r  a c c u m u l a t i o n  o f  

g a s  (COg) i n  t h e  Durham t u b e s  a f t e r  i n c u b a t i o n  f o r  1 , 2 , 5  and 

7 d a y s .
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G l u c o n a t e  h y d r o l y s i s  was t e s t e d  u s i n g  SBM b r o t h  p l u s  l%w/v 

g l u c o n a t e .  A f t e r  i n c u b a t i o n  f o r  8 d ay s  a C l i n i t e s t  t a b l e t  

(Ames Company, S lo u g h ,  B u c k s , ) f o r  t h e  d e t e c t i o n  o f  g l u c o s e  

was added  t o  1ml. o f  t h e  b r o t h .  The p r o d u c t i o n  o f  a b l u e  

c o l o u r a t i o n  i n d i c a t e d  th e  a b se n c e  o f  g l u c o s e ,  and any shade  

o f  o r a n g e ,  t h e  p r e s e n c e  o f  g l u c o s e .

G lu c o se  b reakdow n .  0 and F t e s t  m ed ia ,  one tu b e  w i t h  a 

p a r a f f i n  s e a l  and one w i t h o u t ,  were i n o c u l a t e d  w i t h  e a c h  

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

t u b e .  O b s e r v a t i o n s  f o r  a c i d  p r o d u c t i o n  were made a f t e r  

i n c u b a t i o n  f o r  1 , 2 , 4 , 5 , 8 , 1 1  and 14 d a y s .

Growth u n d e r  an  a tm o sp h e re  o f  h y d r o g e n  was t e s t e d  by 

i n o c u l a t i n g  two t u b e s  o f  BM b r o t h  f o r  e a c h  o r g a n i s m ,  one was 

p l a c e d  i n  an  a n a e ro b e  j a r  u n d e r  h y d r o g e n ,  and t h e  o t h e r  

i n c u b a t e d  n o r m a l l y .  The l a t t e r  t u b e  was u s e d  as  a c h e c k  o f  

v i a b i l i t y ,  and a f t e r  5 days  t h e  p r e s e n c e  o r  a b se n c e  o f  g row th  

u n d e r  h y d r o g e n  was r e c o r d e d .

H i n n u r a t e  h y d r o l y s i s .  H i p p u r a t e  b r o t h s  were i n c u b a t e d  f o r  

7 d a y s ,  i f  t h e  g row th  had  s e t t l e d ,  l e a v i n g  t h e  b r o t h  c l e a r ,  

two 1ml. s a m p le s  were t a k e n  f rom e a c h  b o t t l e , b u t  i f  t h e  b r o t h  

was t u r b i d ,  t h e y  were c e n t r i f u g e d  b e f o r e  t h e  s a m p le s  were 

rem oved .  The f i r s t  t e s t  r e a g e n t  was 12%w/v f e r r i c  c h l o r i d e  t o  

w hich  2 .5 m l .  c o n c .  h y d r o c h l o r i c  a c i d  had  b e e n  added p e r  1 . ,  

and t h e  s e c o n d  was 50%v/v s u l p h u r i c  a c i d .  I t  i s  n e c e s s a r y  t o  

s t a n d a r d i s e  e a c h  b a t c h  o f  m ed ia ,  by a d d in g  th e  f e r r i c  c h l o r i d e  

s o l u t i o n  d ro p w ise  u n t i l  t h e  i n i t i a l  o r a n g e - b r o w n  p r e c i p i t a t e  

j u s t  d i s s o l v e s .  N o rm a l ly  1ml. o f  t h e  f e r r i c  c h l o r i d e  s o l u t i o n  

i s  r e q u i r e d  p e r  1m l . o f  b r o t h .  T h i s  volume was t h e n  added  

t o  one tu b e  o f  e a c h  p a i r ,  and l e f t  t o  s t a n d ,  w i t h  o c c a s i o n a l
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s h a k i n g ,  f o r  30 t o  60 m in .  The p r e s e n c e  o f  a p r e c i p i t a t e  a t  

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

%ny u n c e r t a i n  r e s u l t s  were c h e c k e d  hy t h e  a d d i t i o n  o f  1ml. o f  

50% s u l p h u r i c  a c i d  t o  t h e  s e c o n d  1ml. sam ple  o f  t h a t  p a r t i c u l 

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

y s i s ,  T h i s  l a t t e r  method  i s  more s e n s i t i v e ,  b u t  l e s s  r e p r o d 

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

h y d r o l y s i s .

H y d rog en  s u l p h i d e  p r o d u c t i o n .  The u r e a  s l o p e s  were  u s e d  

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

were  p l a c e d  i n s i d e  th e  t o p s  o f  t h e  t u b e s .  H y d ro g e n  s u l p h i d e  

p r o d u c t i o n  was i n d i c a t e d  by a b l a c k e n i n g  o f  t h e  p a p e r  due t o  

l e a d  s u l p h i d e  p r o d u c t i o n .  The r e s u l t s  were r e c o r d e d  a f t e r  1, 

4 , 7 , 1 1 , 1 4  and  21 d ays  i n c u b a t i o n .

I n d o l e  p r o d u c t i o n  f rom t r v p t o n e  was t e s t e d  by  i n o c u l a t i n g  

7 m l . q u a n t i t i e s  o f  t r y p t o n e  b r o t h .  A f t e r  i n c u b a t i o n  f o r  16 

d ay s  0 .5 m l .  o f  Kovac*s r e a g e n t  was a d d e d ,  f o l l o w e d  by a t h o r o 

ugh m ix i n g .  The p r o d u c t i o n  o f  a p i n k  c o l o u r a t i o n  i n  t h e  u p p e r  

a l c o h o l  l a y e r  i n d i c a t e d  th e  p r o d u c t i o n  o f  i n d o l e .

L e c i t h i n a s e  a c t i v i t y  was t e s t e d  u s i n g  BM a g a r  w i t h  t h e  

g l u c o s e  c o n c e n t r a t i o n  r e d u c e d  t o  0 . l%w/v. A f t e r  a u t o c l a v i n g ,  

when t h e  medium had  c o o l e d  t o  b e lo w  6 0 ,  s t e r i l e  l e c i t h i n  

(Oxoid  SR47) was a d d ed  t o  a c o n c e n t r a t i o n  o f  1%. The p l a t e s  

were s t r e a k e d  w i t h  e a c h  o r g a n i s m  and  o b s e r v e d  f o r  z o n e s  o f  

c l e a r i n g  a n d ,  o r ,  p r e c i p i t a t i o n  a f t e r  1 , 2 ,  an d  8 d a y s  o f  

i n c u b a t i o n .

L i tm u s  m i l k .  O b s e r v a t i o n s  were made f o r  a c i d  p r o d u c t i o n  

( c o n v e r s i o n  o f  t h e  l i t m u s  f rom  p u r p l e  t o  p i n k ) ,  r e d u c t i o n  (a  

l o s s  o f  c o l o u r  due r e d u c t i o n  o f  t h e  i n d i c a t o r ) , c l o t t i n g
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( s o l i d i f i c a t i o n  o f  th e  m i l k ) ,  a l k a l i  p r o d u c t i o n  ( t h e  p r o d u c t 

i o n  o f  a deep  p u r p l e  c o l o u r a t i o n ) ,  and  d i g e s t i o n  ( r e s u l t i n g  

i n  a v e r y  w a t e r y  c o n s i s t e n c y )  a f t e r  1 , 2 , 5  and  9 d a y s  i n c u b a 

t i o n .

M e th y l  Red T e s t .  MRVP medium was t e s t e d  a f t e r  3 an d  7 days  

i n c u b a t i o n ,  by  a s e p t i c a l l y  re m o v in g  3 d r o p s  o f  b r o t h ,  p l a c i n g  

i t  on  a s p o t t i n g  t i l e  and  a d d i n g  1 d ro p  o f  m e th y l  r e d  i n d i c a 

t o r  ( 0 .0 4 g .  m e th y l  r e d  d i s s o l v e d  i n  40ml. o f  m e t h a n o l  t o  w h ich  

100ml o f  d i s t i l l e d  w a t e r  was t h e n  a d d e d ) . The p r o d u c t i o n  o f  

a r e d  o r  o ra n g e  c o l o u r  i n d i c a t e d  a p o s i t i v e  r e a c t i o n ,  i . e . ,  

t h e  p r o d u c t i o n  o f  a pH o f  a p p r o x i m a t e l y  4 . 5  o r  be lo w  i n  a 

b u f f e r e d  b r o t h .

N i t r a t e  r e d u c t i o n .  N i t r a t e  b r o t h s  were t e s t e d  a f t e r  i n c u b 

a t i o n  f o r  2 and  8 d a y s .  The Durham t u b e s  were o b s e r v e d  f o r  

t h e  p r e s e n c e  o f  gas  ( n i t r o g e n ) , and  1 m l . s a m p le s  o f  b r o t h  were 

removed a s e p t i c a l l y  t o  a d i v i d e d  d i s h  where  1ml. o f  e a c h  o f  th e  

t e s t  r e a g e n t s .  N i t r a t e  A and  N i t r a t e  B, were a d d e d .  The d e v 

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

e d  t h e  p r e s e n c e  o f  n i t r i t e  i n  t h e  b r o t h .  Z in c  was t h e n  a d d e d  

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

e n ce  o f  r e s i d u a l  n i t r a t e .

N i t r i t e  s e n s i t i v i t y  was t e s t e d  u s i n g  n i t r i t e  b r o t h  a n d  a 

BM b r o t h  c o n t r o l ,  g ro w th  was compared  i n  t h e  t u b e s  2 a n d  8 

d ay s  a f t e r  i n o c u l a t i o n .

Oxidfl.se a c t i v i t y .  A s m a l l  amount  o f  g row th  f rom  a 24 h o u r  

c u l t u r e  on  BM a g a r  was s p o t t e d  o n t o  a f i l t e r  p a p e r  s o a k e d  i n  

a f r e s h  s o l u t i o n  o f  n* n* n* n* t e t r g u ^ e t h y l  p a r a p h e n y l e n e  

d iam in e  d i h y d r o c h l o r i d e ( l% w /v ) . A p l a t i n u m  l o o p  was u s e d  a s  

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

a t i o n  d e v e l o p e d  w i t h i n  30 s e c s ,

E h o s n h a t a s e  a c t i v i t y  was i n v e s t i g a t e d  hy  s t r e a k i n g  th e  t e s t  

o r g a n i s m s  o n to  P h o s p h a t a s e  a g a r .  A f t e r  i n c u b a t i o n  f o r  6 days  

1 m l .  o f  c o n c e n t r a t e d  ammonia was p l a c e d  i n  t h e  l i d s  o f  t h e  

i n v e r t e d  d i s h e s .  The p r o d u c t i o n  o f  a p i n k  c o l o u r a t i o n  a r o u 

nd t h e  s t r e a k  i n d i c a t e d  t h a t  t h e  p h e n o l p h t h a l e i n  d i p h o s p h a t e  

h ad  b e e n  s p l i t  t o  y i e l d  t h e  m onophospha te  w hich  a p p e a r s  p i n k  

a t  an  a l k a l i n e  pH.

P o t a s s i u m  t e l l u r i t e  r e d u c t i o n .  D i v i d e d  d i s h e s  c o n t a i n i n g  

P o t a s s i u m  t e l l u r i t e  a g a r  were i n o c u l a t e d  and o b s e r v e d  a f t e r  

1 and 2 d ays  i n c u b a t i o n  f o r  r e d u c t i o n  o f  p o t a s s i u m  t e l l u r i t e ,  

a s  i n d i c a t e d  by  a b l a c k e n i n g  o f  t h e  a g a r  and ,  o r ,  b a c t e r i a l  

g r o w th .

P o t a s s i u m  t h i o c v a n a t e  s e n s i t i v i t y  was t e s t e d  b y  i n o c u l a t 

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

(2 .5% ,  3.75% and 4.5%w/v) and BM a g a r ,  and c o m p a r in g  t h e  

g ro w th  a f t e r  1 and 2 days  i n c u b a t i o n .

R i b o n u c l e a s e  a c t i v i t y  was t e s t e d  i n  t h e  same m anner  as  

DNase a c t i v i t y  e x c e p t  t h a t  ENA (O.2%w/v) r e p l a c e d  t h e  DNA i n  

t h e  DNase a g a r .

S l im e  - p r o d u c t i o n  on  S u c r o s e  was i n v e s t i g a t e d  by  c u l t u r i n g  

t h e  b a c t e r i a  i n  d i v i d e d  d i s h e s  c o n t a i n i n g  SBM a g a r  t o  w hich  

l%w/v s u c r o s e  ( f i l t e r  s t e r i l i s e d )  had  b e e n  added  a f t e r  a u t o 

c l a v i n g .  The p r o d u c t i o n  o f  s l i m e  c o u l d  be o b s e r v e d  as  a v i s 

i b l e  change  i n  t h e  c o l o n i a l  m o rp h o lo g y ,  r e a d i n g s  a t  1 and 2 d a y s .

Sodium a z i d e  s e n s i t i v i t v .  Growth a f t e r  1 and 2 days  i n c 

u b a t i o n  i n  d i v i d e d  d i s h e s  c o n t a i n i n g  Sodium a z i d e  a g a r  (0 .01% , 

0.02% and 0.05%w/v) was compared  w i t h  t h a t  on  BM a g a r .
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Sodium c h l o r i d e  s e n s i t i v i t y .  Tubes c o n t a i n i n g  5ml.  q u a n t 

i t i e s  o f  BM b r o t h  p l u s  6.5% and 10%w/v sod ium  c h l o r i d e  were 

i n o c u l a t e d  t o g e t h e r  w i t h  BM b r o t h  c o n t r o l  t u b e s ,  and o b s e r v e d  

a f t e r  1 ,2  and 7 d ays  i n c u b a t i o n .  The o c c u r r e n c e  o f  i n h i b i t i o n  

by  sod iu m  c h l o r i d e  was d e t e r m i n e d  by  c o m p a r i s o n  o f  t h e  amount 

o f  g ro w th  i n  t h e  t h r e e  s e t s  o f  t u b e s .

S t a r c h  h v d r o l v s i s  was t e s t e d  by s t r e a k i n g  e a c h  b a c t e r i u m  

o n t o  S t a r c h  a g a r  and i n c u b a t i n g  f o r  15 d a y s .  A l i t t l e  g row th  

was t h e n  s c r a p e d  away f rom  e a c h  s t r e a k ,  t h e  p l a t e s  f l o o d e d  

w i t h  i o d i n e  and o b s e r v e d  f o r  z o n e s  o f  h y d r o l y s i s .

B u g a r  f e r m e n t a t i o n  t e s t s .  SBM a g a r  p l u s r b r o m - c r e s o l  p u r p l e  

i n d i c a t o r  (0 .003%w/v) was a u t o c l a v e d  and a l l o w e d  t o  c o o l  t o  

a p p r o x i m a t e l y  60^C. F i l t e r  s t e r i l i s e d  s o l u t i o n s  o f  t h e  s u g a r s  

t o  be t e s t e d  ( c h a r a c t e r s  107 t o  128 i n  TABLE 9 )  were  added t o  

a f i n a l  c o n c e n t r a t i o n  o f  l%w/v and t h e  medium was d i s p e n s e d  

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

t i o n  a f t e r  1 , 2 , 3  and 4 d ay s  i n c u b a t i o n .

S u l p h a t a s e  a c t i v i t y  was t e s t e d  as f o r  p h o s p h a t a s e  a c t i v i t y ,  

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

i n  t h e  P h o s p h a t a s e  a g a r .

T e m p e r a tu r e  r a n g e  was t e s t e d  as  a b i l i t y  t o  grow i n  BM b r o t h  

a t  5®C, 10°C, 20°C, 30°C, 35°C, 45°C and 50°C ( t o  an  a c c u r a c y  

o f  + 1®C). The t u b e s  were r e a d  up t o  21 d ays  f o r  5®C, 14 days  

f o r  lO^C and 20^C and 7 days  f o r  a l l  o t h e r  t e m p e r a t u r e s .  

A b i l i t y  t o  w i t h s t a n d  60^C f o r  15 m in s .  was t e s t e d  by p l a c i n g  

18h o u r  b r o t h  c u l t u r e s  a t  60 °C , i n  a w a t e r - b a t h ,  f o r  15rnmins. 

The t u b e s  were  i m m e d i a t e l y  c o o l e d  i n  c o l d  w a t e r  and two d r o p s  

f rom  e a c h  tu b e  p l a t e d  o n t o  BM a g a r .  Any\ g ro w th  o n  t h e s e  

p l a t e s  was o b s e r v e d  a f t e r  1 and 2 days  i n c u b a t i o n .
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T é t r a z o l i u m  r e d u c t i o n  and s e n s i t i v i t y .  C u l t u r e s  grown on 

t é t r a z o l i u m  a g a r  i n  d i v i d e d  d i s h e s  were o b s e r v e d  a f t e r  1 and 

2 d ay s  i n c u b a t i o n  f o r  p i n k  c o l o u r a t i o n  due t o  r e d u c t i o n  o f  

t é t r a z o l i u m ,  and f o r  d e g re e  o f  g ro w th  compared  w i t h  t h a t  i n  

s i m u l t a n e o u s l y  i n o c u l a t e d  d i s h e s  o f  SBM a g a r  p l u s  2%w/v 

g l u c o s e ,

T h a l l o u s  a c e t a t e  s e n s i t i v i t y .  T h a l l o u s  a c e t a t e  a g a r  (0 ,01% , 

0.02% and 0,03%w/v) i n  d i v i d e d  d i s h e s  was i n o c u l a t e d  s i m u l t 

a n e o u s l y  w i t h  a s e t  o f  BM a g a r  d i s h e s ,  and s e n s i t i v i t y  was 

e s t a b l i s h e d  by  c o m p a r i s o n  o f  t h e  d e g r e e  o f  g ro w th  a f t e r  1 

and 2 days  i n c u b a t i o n .

Tween h y d r o l y s i s  was i n v e s t i g a t e d  by s t r e a k i n g  e a c h  b a c t e 

r i u m  o n to  Tween a g a r  c o n t a i n i n g  Tweens 20 ,  40,  60 and 8 0 ,  and 

o b s e r v i n g  f o r  z o n e s  o f  h y d r o l y s i s  ( c l e a r i n g  and ,  o r ,  p r e c i p 

i t a t i o n )  a f t e r  1 , 4 , 7 , 1 0 , 1 4  and 21 d ays  i n c u b a t i o n .

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

made on  T y r o s i n e  a g a r  and o b s e r v e d  f o r  z o n e s  o f  c l e a r i n g  o r  

p r e c i p i t a t i o n  a f t e r  i n c u b a t i o n  f o r  1 , 4 , 7 , 1 0 , 1 4  and 21 d a y s .  

U r e a s e  a c t i v i t y  was i n v e s t i g a t e d  by i n o c u l a t i n g  U r e a  a g a r  

s l o p e s ,  and o b s e r v i n g  them  a f t e r  1 , 4 , 7 , 1 1 , 1 4  and 21 d ays  

i n c u b a t i o n  f o r  t h e  p i n k  c o l o u r a t i o n ,  t y p i c a l  o f  an  a l k a l i n e  

pU, p r o d u c e d  as t h e  r e s u l t  o f  ammonia p r o d u c t i o n ,

Y o g e s - P r o s k a u e r  t e s t .  The RIRVP b r o t h s  were  t e s t e d  7 d ays  

a f t e r  i n o c u l a t i o n ,  when sa m p le s  f o r  t h e  MR t e s t  had  a l r e a d y  

b e e n  rem oved ,  1ml, o f  5%w/v a - n a p h t h o l  s o l u t i o n ,  f o l l o w e d  

by  1ml, o f  40%w/v p o t a s s i u m  h y d r o x i d e  s o l u t i o n  were  added  t o  

e a c h  u n i v e r s a l  b o t t l e  and mixed v i g o u r o u s l y .  The t e s t s  were 

l e f t  t o  s t a n d  w i t h  o c c a s i o n a l  s h a k i n g  f o r  h a l f  an  h o u r ,  and ? 

a p o s i t i v e  r e a c t i o n  was i n d i c a t e d  by  a deep  r e d  c o l o u r a t i o n .
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X a n t h in e  h y d r o l y s i s  was t e s t e d  by  o b s e r v i n g  s i n g l e  s t r e a k s  

o f  e a c h  s t r a i n  on  X a n th in e  a g a r ,  f o r  zo n es  o f  c l e a r i n g ,  o r  

p r e c i p i t a t i o n ,  o r  b o t h  a f t e r  1 , 4 , 7 , 1 0 , 1 4  and 21 days  

i n c u b a t i o n .

I I I .  Com pute r  M e thods .

The d a t a  o b t a i n e d  f rom  th e  t e s t s  i n c l u d e d  i n  t h e  numer

i c a l  taxo n o m ic  s u r v e y  were  s u b j e c t e d  t o  n u m e r i c a l  taxo n om ic  

a n a l y s i s  u s i n g  a n  ICL 4130 c o m p u te r .  C l u s t e r i n g  by t h e  

U n w e ig h ted  P a i r  Group Method (UPGM) and S i n g l e  L in k a g e  Method 

(SLM) ( S n e a t h  and S o k a l  (1 9 7 3 ) )  and a n a l y s i s  o f  t h e  v a r i o u s  

c l u s t e r s  was p e r f o r m e d  u s i n g  t h e  p ro g ra m s  r o u t i n e l y  em ployed  

i n  t h e  M e d ic a l  R e s e a r c h  C o u n c i l ,  M i c r o b i a l  S y s t e m a t i c s  U n i t ,  

w r i t t e n  by M . J . S a c k i n  and J . C a m p b e l l - K e l l y .  I n  a d d i t i o n ,  a 

fo rm  o f  n - d i m e n s i o n a l  c l u s t e r i n g  was p e r f o r m e d  u s i n g  th e  

p r o g r a m s  o f  J . W . C a r m i c h a e l ,  TAXON and TAXMAP ( C a r m i c h a e l ,  

J u l i u s  and M a r t i n  ( l 9 6 S ) ,  C a r m i c h a e l ,  George and J u l i u s  (1968) 

and C a r m i c h a e l  and S n e a t h ( 1 9 6 9 ) ) •

F o r  r e v i e w s  o f  t h e  u s e  o f  c o m p u te r s  i n  taxonomy s e e  

S n e a t h  (1964)  and ( l 9 7 l ) ,  Gower (1969) and S n e a t h  and S o k a l  

( 1 9 7 3 ) .

The r e s u l t s  were  co d ed  as  f o l l o w s :  n e g a t i v e  r e s u l t s  were  

coded  'O '  and f o r  m ost  c h a r a c t e r s  p o s i t i v e  r e s u l t s  were co d ed  

' 1 ' .  With  some t e s t s ,  ho w e v e r ,  t h r e e  c h a r a c t e r  s t a t e s  c o u l d  

be r e c o g n i s e d :  n e g a t i v e -  ' O ' ,  weak p o s i t i v e -  ' 1 '  and s t r o n g  

p o s i t i v e -  ' 2 ' ,  e g . ,  s t r o n g  and weak a c i d  p r o d u c t i o n  from 

c a r b o h y d r a t e s  and c o m p le te  and p a r t i a l  i n h i b i t i o n  by a n t i b i o 

t i c s .  These  l a t t e r  c h a r a c t e r s  were  m u l t i s t a t e  a s  oppo sed  t o  

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

a p a i r  o f  OTUs ( O p e r a t i o n a l  Taxonomic U n i t s  -  i n  t h i s  i n s t 

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

c o m p l e t e l y  d i s s i m i l a r .  With m u l t i s t a t e  c h a r a c t e r s ,  *0* and 

*1* o r  ' I *  and *2* showed p a r t i a l  s i m i l a r i t y  e x p r e s s e d  as  

0 . 5  o r  50% s i m i l a r i t y ,  and *0* and *2* were  c o n s i d e r e d  

c o m p l e t e l y  d i s s i m i l a r .  The s i m i l a r i t i e s  f rom  i n d i v i d u a l  

c h a r a c t e r s  were t h e n  combined  t o  g i v e  t h e  o v e r a l l  s i m i l a r i t i e s ,  

u s i n g  t h e  c o e f f i c i e n t  o f  Gower ( l 9 6 9 ) ,  f o r  t h a t  p a i r

o f  OTUs. T h i s  c o e f f i c i e n t  i n c l u d e s  n e g a t i v e  m a tc h e s  and i s  

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

b u t  p e r m i t s  t h e  i n c l u s i o n  o f  a  50% s i m i l a r i t y  f o r  a c h a r a c t e r  

coded  i n t o  t h r e e  s t a t e s  as  e x p l a i n e d  a b o v e .

I n i t i a l l y  t h e  d a t a  was p u n c h e d  o n to  c o m p u te r  c a r d s  and 

t h e n  r e a d  o n t o  m a g n e t i c  t a p e  by t h e  p r o g r a m  ITBNTOMT ( i n t e g e r  

t  by  n  t o  m a g n e t i c  t a p e ) .  The p r o g r a m  ITBNCLST ( i n t e g e r  t  

by n  c l u s t e r )  was t h e n  u s e d  t o  r e a d  th e  d a t a  f rom  m a g n e t i c  

t a p e  and t o  p e r f o r m  n u m e r i c a l  taxonomy on  i t .  A t  t h i s  s t a g e  

c h a r a c t e r s ,  o r  OTUs, o r  b o t h  c o u l d  be d e l e t e d .  A s i m i l a r i t y  

m a t r i x  was computed  by  c o m p a r in g  e a c h  OTU w i t h  e v e r y  o t h e r  

OTU and c a l c u l a t i n g  t h e  Gower s i m i l a r i t y  c o e f f i c i e n t s .  O t h e r  

s i m i l a r i t y  c o e f f i c i e n t s  were a v a i l a b l e ,  b u t  o n l y  

p e r m i t t e d  t h e  u s e  o f  m u l t i s t a t e  c h a r a c t e r s .  C l u s t e r s  c o u l d  

t h e n  be fo rm ed  by one o f  t h r e e  o p t i o n s ,  WPGM (W e ig h te d  P a i r  

Group M e t h o d ) , UPGM (U n w eigh ted  P a i r  Group Method) o r  SLM 

( S i n g l e  L in k a g e  M e t h o d ) , o f  w hich  t h e  two l a t t e r  m ethods  were 

em p lo yed .  A d e n d ro g ra m  was t h e n  p r i n t e d ,  and t h e r e  was an 

o p t i o n  e n a b l i n g  ITBNCLST t o  p u n ch  a coded  fo rm  o f  t h e  d e n d r o 

gram o n t o  p a p e r  t a p e  f o r  i n p u t  i n t o  t h e  p r o g r a m  DENDPROG
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w h ich  t h e n  p l o t t e d  t h e  d e n d ro g ra m  on a d i g i t a l  p l o t t e r ,  

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

and c o p h e n e t i c  c o r r e l a t i o n  s t a t i s t i c s  b e tw e e n  t h e  s i m i l a r i t y  

m a t r i x  and d e nd ro g ram .  These  s t a t i s t i c s  g iv e  an  i n d i c a t i o n  

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

i t y  m a t r i x  t o  th e  d e n d ro g ram ;  a h i g h  c o p h e n e t i c  c o r r e l a t i o n  

i n d i c a t e s  low  d i s t o r t i o n .  The s o r t e d  s i m i l a r i t y  m a t r i x  ( i e .  

w i t h  t h e  OTUs i n  t h e  same o r d e r  as  a l o n g  th e  t i p s  o f  t h e  

c o r r e s p o n d i n g  dendrogram ) was t h e n  p r i n t e d ,  b o t h  t o  t h r e e  

s i g n i f i c a n t  f i g u r e s  and t o  one d i g i t .  The l a t t e r  was u s e f u l  

f o r  a q u i c k  i n d i c a t i o n  o f  t h e  g r o u p s  and f o r  t h e  p r o d u c t i o n  

o f  s h a d e d  s i m i l a r i t y  m a t r i c e s .

The C a r m i c h a e l  p r o g r a m s ,  TAXON and TAXMAP were  a l s o  u se d ,  

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

R e s u l t s  h a v e  u s u a l l y  ( C a r m i c h a e l  e t  a l .  (1965) and ( 1 9 6 8 ) and 

C a r m i c h a e l  and S n e a t h  ( l 9 6 9 ) )  p r o v e d  amenable  t o  two d im e n s 

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

d i m e n s i o n a l  m o d e ls ;  b u t  s i n c e  many o f  t h e  s p e c i e s  i n  t h e  

p r e s e n t  s t u d y  ( e . g . ,  m os t  S t r e p t o c o c c u s  and L a c t o b a c i l l u s  

s p e c i e s )  were  o n l y  r e p r e s e n t e d  by  a s i n g l e  s t r a i n ,  many 

s i n g l e - m e m b e r  c l u s t e r s  w ere  p r o d u c e d .  D ia g ra m m a t ic  r e p r e s e n 

t a t i o n  w a s ,  t h e r e f o r e ,  v e r y  d i f f i c u l t  and s i n c e  i t  a f f o r d e d  

no f u r t h e r  i n f o r m a t i o n  t h a n  t h e  p r o g r a m s  ITBNCLST and I  GROUPS, 

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

s h i p s  i n  d e t a i l .

The p r o g r a m  IGROUPS ( I n t e g e r  g r o u p s )  p r i n t e d  c h a r a c t e r  

v a l u e  s t a t i s t i c s  on s p e c i f i e d  g r o u p s  o f  OTUs c h o s e n  f rom  an  

i n t e g e r  t  by  n  m a t r i x  on  m a g n e t i c  t a p e .  The mean s i m i l a r i t y  

o f  e a c h  OTU t o  a l l  t h e  g r o u p s  was c a l c u l a t e d  and p r i n t e d ;
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mean i n t e r -  and i n t r a - g r o n p  s i m i l a r i t i e s ,  t h e i r  v a r i a n c e s  

and s t a n d a r d  d e v i a t i o n s  were  a l s o  g i v e n .  The p r o g r a m  h ad  

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

o n l y  two o f  t h e s e  were  o f  u s e  f o r  t h i s  d a t a .  The p e r c e n t a g e  

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

f o r  e a c h  g ro u p  i n  t u r n  ( i n  d e s c e n d i n g  o r d e r  o f  t h e  p e r c e n t 

age o f  p o s i t i v e  r e s u l t s )  t o g e t h e r  w i t h  t h e  p e r c e n t a g e  o f  

p o s i t i v e  r e s u l t s  f o r  e a c h  c h a r a c t e r  and a l l  OTUs. The o t h e r  

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

c h a r a c t e r s .  The numbers  o f  *0*, ' I *  and *2* r e s u l t s  w i t h i n  

e a c h  g ro up  were  p r i n t e d  f o r  e a c h  c h a r a c t e r  i n  t u r n .  T h i s  

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

k e y  c h a r a c t e r s  whose d i f f e r e n t  s t a t e s  c o r r e s p o n d e d  c l o s e l y  

w i t h  t h e  d i f f e r e n t  g r o u p s  fo rm ed  i n  t h e  n u m e r i c a l  t a x o n o m ic  

a n a l y s i s .  TABLE 1 i n  A p pend ix  HE was c o n s t r u c t e d  f ro m  

t h i s  s o r t  o f  c o n p u t e r  o u t p u t ,  and TABLE 15 i n  t h e  r e s u l t s  

s e c t i o n  was p r o d u c e d  by c o m p a r i s o n  o f  t h e  r e s u l t s  shown i n  

TABLE 1 (EH). A l s o ,  a s e r i e s  o f  r u n s  were  p e r f o r m e d  i n  which  

k e y  c h a r a c t e r s  were  o b t a i n e d  f o r  g r o u p s  form ed  a t  a  s e r i e s  

o f  s e l e c t e d  l e v e l s  o f  s i m i l a r i t y .  F o r  e x a n p l e ,  i n  t h e  

h y p o t h e t i c a l  d en d ro g ra m  i n  F i g u r e  1 t h e  r e s u l t s  f o r  t h e  

f o l l o w i n g  g r o u p s  c o u l d  be com pared :  a + b + c + d + e  w i t h  f ; 

a + b + c /  d + e ;  a + b /  c ;  a / b  and d /  e ,  i n  an  a t t e m p t  

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

TABLE 16 i n  t h e  r e s u l t s  s e c t i o n  was p r o d u c e d  i n  t h i s  way.

The i n t e r -  and i n t r a - g r o u p  s i m i l a r i t i e s  were  u s e d  t o  

p r o d u c e  a t h r e e - d i m e n s i o n a l  model  o f  t h e  tax o n o m ic  r e l a t i o n 

s h i p  b e tw e e n  t h e  m a in  g r o u p s  o f  OTUs fo rm ed  i n  t h e  s t u d y .

A p h o t o g r a p h  o f  t h i s  model  i s  shown i n  t h e  r e s u l t s  s e c t i o n
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( F i g u r e  7. ) ,

F i g u r e  1. H y p o t h e t i c a l  dendrogram  to  i l l u s t r a t e  the  use  

o f  one o f  the  o p t i o n s  i n  t h e  p ro g ram  IGROUPS.

6 0  -

7 0 -
ÛC
LLi

I

9 0 -

100
fb d eca

I t  was t h o u g h t  d e s i r a b l e  to  i n c l u d e  th e  coded d a t a  

m a t r ix  i n  t h e  t h e s i s  f o r  c o m p l e t e n e s s .  The p rogram  PRINTRES 

( p r i n t  r e s u l t s )  was t h e r e f o r e  w r i t t e n ,  w i th  th e  k i n d  a s s i s t 

ance o f  M . J . S a c k i n ,  t o  p r i n t  t h e  d a t a  m a t r i x  i n  s e c t i o n s  o f  

s u i t a b l e  s i z e  f o r  a s h e e t  o f  A4 p a p e r .  T h is  g r e a t l y  f a c i l i t 

a t e d  th e  i n c l u s i o n  o f  t h e  r e s u l t s ,  i n  Appendix  m  , and th e  

p rog ram  i s  l i s t e d  below.
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Computer p r i n t  o u t  o f  th e  p ro g ram  PRINTRES.

1 PRINTRES;2 "BEGIN" "INTEGER" TMAX, NMAX, TYPE, TT N, IDENT7 J:3 "BOOLEAN" RNAMPRES; CNAMPRES7 Q, ERROR;
4 "INTEGER" "ARRAY" TITLE Ci;65];5 "COMMENT" READS INTEGER T9YN FROM CARDS PRINTS IN TABLE FORM- 50 OTUS
6 BY 18 CHARS PER PAGE;
7 J : = l ;8 INSTRING (TITLE,J);9 J:=i;
10 "PRINT" 'F'';11 OUTSTPING (TITLE,J);12 "READ" TMAX, NMAX7 TYPE, RNAMPRES, CNAMPRES;13 "PRINT" PREFIX(''L3'TMAX='), LEADZERO (('), TMAX, PREFIX (', NMAX=')714 NMAX, PREFIX('7TYPE='), TYPE, ',RNAMPRES='7 RNAMPRES,
15 CNAMPRES=', CNAMPRES;16 "BEGIN" "INTEGER" "ARRAY" KEYC1:"IF" TYPE=3 "THEN" NMAX "ELSE" 13717 RNAMpnsCi:"IF" RNAMPRES "THEN" TMAX + 1 "ELSE"1D, ROWNAMESCl ;"IF"18 RNAMPRES "THEN"5 *TMAX"ELSE"1], CNAMPOSC1 :"IF" CNAMPRES"THEN"
19 NMAX + 1"ELSE"1]7 COLNAMESC1;"IF" CNAMPRES"THEN" 5* NMAX "ELSE"20 ID, TBYN[i:TMAX,1:NMAXD;21 "BEGIN" "COMMENT" SEGMENT;22 "COMMENT" P2IM5 IS A PROCEDURE STORED ON DISC TO READ A TBYN23 matrix FROM CARDS INTO AN INTEGER ARRAY AND TO CHECK FOR
24 ERRORS IN THE DATA;

aCNLIST:

<5C 1ST:
280 ERROR:="FALSE";

281 P2IN5 (TBYN7 TMAX, T7 NMAX, N, Q, TYPE, KEY, ROWNAMES, RNAMPOS,282 RNAMPRES7 COLNAMES, CNAMPOS, CNAMPRES);283 "END" P2IN5 SEGMENT;284 "BEGIN" "COMMENT" SEGMENT;
285 "INTEGER" S7 STRIPS, PAGES, P, FIRSTS, LASTB7 B, FIRSTC,286 LASTC, C;287 STRIPS;: (N-1) "DIV" 18 * l i288 PAGES?=(T-1) "DIV" 50 ♦ i;
289 "FOR" S:=l ’’STEP" 1 "UNTIL" STRIPS "DO"290 "BEGIN" FIRSTC;:18*(S-1) ♦ I f291 LASTC;:18*S;292 "FOR" p:=l "STEP" 1 "UNTIL" PAGES “DO"
293 "BEGIN" "PRINT" ''F'';294 FlRSTB;:50*(P-l)+i;
295 LASTS;=50*P;
296 "IF" LASTB>T "THEN" LASTB:=T;
297 "FOR" 8:=FIRSTB "STEP" 1 "UNTIL" LASTB "DO"298 "BEGIN" "PRINT" ''LS20'';
299 "IF" LASTON "THEN" LASTC;:N;
300 "F0R"C;=FIRSTC "STEP"1 "UNTIL" LASTC "DO"301 "PRINT" SAMELINE,' DIGITS(2)7 TBYNCB,CD302 "END" 8303 "END'’ P304 "END" S
305 "END" PRINTING SEGMENT306 "END" dynamic BLOCK307 "END" program;
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(P2IN5 I s  a p r o c e ^ d u r e  u s e d  t o  r e a d  t h e  t  hy  n  m a t r i x  f rom  

c a r d s  and t o  c h ec k  f o r  e r r o r s ,  and i s  u s e d  i n  s e v e r a l  o f  t h e  

n u m e r i c a l  taxonomy p r o g r a m s ) .

IV. S e r o l o g i c a l  M ethods .

B a c t e r i a l  s t r a i n s  f o r  a n t i s e r u m  p r o d u c t i o n ,  were  s e l e 

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

m on ocy to g en es  ( S e e l i g e r  ( l 9 6 l ) ) ,  L. g r a y i , L. m u r r a y i , L, 

d e n i t r i f i c a n s  and m os t  o f  t h e  m a in  g ro u p s  i n c l u d e d  i n  t h e  

n u m e r i c a l  t ax o n o m ic  s u r v e y .  A n t i s e r a  f o r  th e  S t r e p t o c o c c u s  

s e r o l o g i c a l  g r o u p s  were o b t a i n e d  f rom  t h e  Wellcome F o u n d a t i o n  

( L a n g l e y  C o u r t ,  Beckenham, K e n t ) .  TABLE 10 c o n t a i n s  a com

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

The s t r e p t o c o c c a l  s e r o l o g i c a l  g r o u p s  P ,  B and S were  n o t  

r e p r e s e n t e d  i n  t h e  n u m e r i c a l  t a x o n o m ic  s u r v e y ,  b u t  were 

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

I t  was a l s o  t h o u g h t  w o r t h w h i l e  t o  exam ine  s e r o l o g i c a l l y  

r e p r e s e n t a t i v e s  o f  t h e  t h r e e  g r o u p s  o f  Gram p o s i t i v e  b a c t e r i a  

i s o l a t e d  by T h o r n l e y  and S h a rp e  (1959)  f ro m  c h i c k e n  m ea t .  

T h o r n l e y  and S h a rp e  r e p o r t e d  t h a t  t h e s e  b a c t e r i a  r e s e m b l e d  

b o t h  l a c t o b a c i l l i  and a e r o b i c  s p o r e f o r m e r s .  J o n e s  ( p e r s .  

comm.) i n  a n u m e r i c a l  t ax o n o m ic  s t u d y ,  d e m o n s t r a t e d  t h a t  a 

r e p r e s e n t a t i v e  o f  g ro u p  I  was a member o f  t h e  s p e c i e s  

M i c r o b a c t e r i u m  th e r m o s p h a c tu m , t h a t  a r e p r e s e n t a t i v e  o f  

g rou p  I I  c l o s e l y  r e s e m b l e d  t h e  l a c t o b a c i l l i ,  and t h a t  a 

member o f  t h e  t h i r d  g rou p  r e s e m b l e d  L i s t e r i a .  The r e p r e s 

e n t a t i v e s  o f  t h e s e  t h r e e  g ro u p s  w i l l  be r e f e r e d  t o  a s  T . S . I ,  

T . S . I I  and T . S . I I I  r e s p e c t i v e l y  ( s e e  TABLE 10 ) •  A n t i s e r a  

were  n o t  p r e p a r e d  a g a i n s t  t h e s e  b a c t e r i a ,  b u t  HCl e x t r a c t s
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TABLE 10. L i s t  o f  S t r a i n s  u s e d  i n  t h e  S e r o l o g i c a l  S u r v e y .

L i s t e r i a  m o n o c y to g e n e s ( s e r o t y p e  l a ) G 32
It tt ( s e r o t y p e  2 ) G 22
n It ( s e r o t y p e  3a) G 29
ft It ( s e r o t y p e  4a ) G 30
tt g r a y i G 42
tt m u r r a y i G 44
tt d e n i t r i f i c a n s G 43
It n G 1

L a c t o b a c i l l u s  h u l g a r i c u s G 64
It c a s e i G 65
It d e l b r u e c k i i G 68

G e m e l la h a e m o l y s a n s G 82

M i c r o h a c t e r i u m  t h e r m o s p h a c t u m G104

E r y s i p e l o t h r i x  r h u s i o p a t h i a e G190

C o r y n e b a c t e r i u m  p o i n s e t t i a e G158

K u r t h i a z o p f i i G l68

S t r e p t o c o c c u s  p y o g e n e s g r o u p  A G120
It a g a l a c t i a e B G121
It e q p l C G122
It d u r  a n s D G124
It f a e c a l i s D G125
It s p . " E G129
n s p . " F G130
It s p . G G131
It s p . H G132
tt s p . • K G133T
N s p . « L G 48
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S t r e p t o c o c c u s  s p . g ro up  M G135

It s p . n G136

II s p . "  0 G137

N s p . p G 49,  NCTC 9824 *

N s p . " Q G134

II s p . R G 50,  NCTC 10234 *

N s p . " S G 51, NCTC 10237 *

T . S . I LTRS MT77 + *

T . S . I I LTRS MT 1 + *

T . S . I I I LTRS MT36 + *

+ no a n t i s e r a  p r o d u c e d ,  b u t  HCl e x t r a c t s  were  t e s t e d .  

* n o t  i n c l u d e d  i n  t h e  n u m e r i c a l  t ax o n o m ic  s u r v e y .

1 o n l y  a n t i g e n s  t e s t e d .

NCTC

LTRS

N a t i o n a l  C o l l e c t i o n  o f  Type C u l t u r e s ,  C e n t r a l  P u b l i c  

H e a l t h  L a b o r a t o r i e s ,  C o l i n d a l e  Avenue,  London.

Low Ten p e r a t u r e  R e s e a r c h  S t a t i o n ,  C a m b r id ge ,  

( c o l l e c t i o n  now h e l d  a t  t h e  Food R e s e a r c h  I n s t i t u t e ,  

C o ln e y  L ane ,  N o r w i c h . ) .
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w ere  t e s t e d  w i t h  a n t i s e r a  a g a i n s t  t h e  o t h e r  b a c t e r i a .

V a c c i n e s  and HCl e x t r a c t s  w ere  p r e p a r e d  a s  i n  s e c t i o n  

(a)  b e lo w ,  and t h e  v a c c i n e s  were  t h e n  u s e d  f o r  a n t i s e r u m  

p r o d u c t i o n  as  i n  s e c t i o n  ( b ) .  S l i d e  and tu b e  a g g l u t i n a t i o n  

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

t e c h n i q u e  ( s e e  s e c t i o n  ( c ) )  were  u s e d  t o  s t u d y  t h e  v a r i o u s  

a n t i s e r a .

A l l  t h e  e a r l y  work and much o f  t h e  p r e s e n t  s e r o l o g i c a l  

work w i t h  L i s t e r i a  h a s  i n v o l v e d  a g g l u t i n a t i o n  t e s t s  f o r  b o t h  

s o m a t i c  and f l a g e l l a  a n t i g e n s .  HCl e x t r a c t s  were  f i r s t  u s e d  

by  L a n c e f i e l d  (1933) w o rk in g  w i t h  t h e  s t r e p t o c o c c i .  She 

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

e x t r a c t s ,  and l a t e r  work by  E l l i o t t  ( l 9 5 9 )  showed t h a t  t e i c h -  

o i c  a c i d s  were i n | f a c t  i n v o l v e d .  S h a rp e  ( l 9 5 5 )  o b t a i n e d  good 

g r o u p i n g s  f o r  t h e  l a c t o b a c i l l i  w i t h  HCl e x t r a c t s ,  and i t  app* 

e a r s  t h a t ,  w i t h i n  t h e  whole  o f  t h i s  l a c t i c  g r o u p ,  t h e  HCl 

e x t r a c t  i s  a  good m ethod .  I t  may w e l l  be t h a t  t e i c h o i c  a c i d s  

a r e  i n v o l v e d  t h r o u g h o u t  t h e  g r o u p ; K e e l e r  and G ray  ( i 9 6 0 )  

i n v e s t i g a t e d  t h e  c e l l  w a l l s  o f  L.  m o n o cy tog en es  and fou nd  

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

o f  t e i c h o i c  a c i d s .  T h ere  a r e  r e p o r t s  ( S e e l i g e r  ( l 9 6 l )  and 

G ra y  and K i l l i n g e r  ( l 9 6 6 ) )  t h a t  when r i n g  p r e c i p i t i n  o r  

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

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

a r e  o b t a i n e d .  Gray  and K i l l i n g e r  ( l 9 6 6 )  a l s o  i n d i c a t e d  t h a t  

im m u n o f lu o r e s c e n c e  t e c h n i q u e s  were  m o s t  e f f i c i e n t  f o r  c l i n i c a l  

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

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

p r o b l e m s  i n v o l v e d  i n  i t s  i s o l a t i o n  (M a ir  ( l 9 6 8 )  and Kram er
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and J o n e s  ( 1 9 6 9 ) ) .  O b v i o u s l y  s u c h  t e c h n i q u e s  were  beyond  t h e  

s c o p e  o f  t h e  p r e s e n t  s t u d y ,  and f o r  no rm al  s e r o l o g y  i t  

a p p e a r s  t h a t  HCl e x t r a c t s  t e s t e d  by  t h e  r i n g  p r e c i p i t i n  and 

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

n o t  p r e f e r a b l e .  F o r  t h i s  r e a s o n ,  HCl e x t r a c t s  were  u s e d  i n  

t h e  p r e s e n t  s t u d y ,  b u t  hom ologous  t i t r e s  were  o b t a i n e d  by  

t u b e  a g g l u t i n a t i o n .

A l l  s o m a t i c  a n t i s e r a  were  t e s t e d  w i t h  hom ologous  HCl 

e x t r a c t s  by  t h e  r i n g  p r e c i p i t i n  t e s t  t o  c h e c k  t h a t  a  p o s i t i v e  

r e a c t i o n  o c c u r r e d  by t h i s  t e c h n i q u e .  These  a n t i s e r a  were  

t h e n  t e s t e d  a g a i n s t  HCl e x t r a c t s  o f  t h e  s e l e c t e d  s t r a i n s ,  

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

d i f f u s i o n ,  and when p o s s i b l e ,  s u i t a b l e  a b s o r p t i o n s  were  p e r 

fo rm ed .

The f l a g e l l a  a n t i s e r a  were  t e s t e d  by  t u b e  a g g l u t i n a t i o n  

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

t o  be t e s t e d  ( s e e  TABLE 1 1 ) .  The a n t i s e r a  were  t h e n  a b s o r b 

ed  w i t h  homologous s o m a t i c  a n t i g e n s  and t h e  r e a c t i o n s  w i t h  

t h e  v a r i o u s  s t r a i n s  were  r e t e s t e d ,  t h i s  t im e  m a i n l y  b y  s l i d e  

a g g l u t i n a t i o n ,  b u t  i n  some i n s t a n c e s  by  t u b e  a g g l u t i n a t i o n .

a) P r e p a r a t i o n  o f  A n t i g e n s .

P r e p a r a t i o n  o f  V a c c i n e s .  The s t r a i n s  s e l e c t e d  f o r  v a c c i n e  

p r o d u c t i o n  a r e  l i s t e d  i n  TABLE 12  . The m a j o r i t y  o f  s t r a i n s  

were  grown i n  500ml. q u a n t i t i e s  o f  N u t r i e n t  B r o t h  No. 2 

(O xoid  CM 67) p l u s  0 . 5ÿw/v g l u c o s e  (NBG), i n  500ml.  s c r e w  

cap  b o t t l e s .  F o r  t h e  l a c t o b a c i l l i ,  h o w e v e r ,  S h a r p e ' s  Medium 

A was u s e d  ( S h a r p e  ( l 9 5 5 ) ) ,  and s i n c e  K. z o p f i i  and C. p o i n 

s e t t i a e  d i d  n o t  a c h i e v e  s u f f i c i e n t  g ro w th  i n  s t a t i c  c u l t u r e s .
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TABLE 1 1. S t r a i n s  o f  w h ich  th e  f l a g e l l a  a n t i g e n s  w ere

t e s t e d .

L i s t e r i a  m onocy tog enes ( s e r o t y p e la ) G32 *

tt tt ( s e r o t y p e 2 ) G22 *

n M ( s e r o t y p e 3 a) G29 *

N M ( s e r o t y p e 4a) G30 *

" g r a y i G42 *

" m u r ra y i G44

" d e n i t r i f i c a n s G43
It It G1

L a c t o b a c i l l u s  d e l b r u e c k i i G68

S t r e p t o c o c c u s  p y o g e n e se G125

C o ry n e b a c te r iu m  p o i n s e t t i a e G158

K u r t h i a  z o p f i i G168

one s t r a i n  from  g r o u p I I I  o f  T h o rn le y

and S h a rp e  (1959) T . S . I I I

* S t r a i n s  w h ich  w ere  u s e d  f o r  a n t i s e r u m  p r o d u c t i o n .
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t h e y  were s h a k e n  i n  500m l. q u a n t i t i e s  o f  NBG i n  21 . f l a s k s .  

The L i s t e r i a  c u l t u r e s ,  t o  he u s e d  f o r  t h e  p r o d u c t i o n  o f  f l a 

g e l l a  a n t i b o d i e s ,  w ere  grown a t  4^C s i n c e  a lo w e r  t e n d 

e r  a t u r e  o f  i n c u b a t i o n  was r e p o r t e d  t o  e n h an c e  f l a g e l l a t i o n  

( L a r s e n  and S e e l i g e r  ( 1 9 6 6 ) ) .  F u l l  d e t a i l s  o f  g ro w th  

c o n d i t i o n s  and p e r i o d s  o f  i n c u b a t i o n ,  f o r  b o t h  s o m a t i c  'O ' 

and f l a g e l l a  'H ' a n t i g e n s ,  a r e  g i v e n  i n  TABLE 12 . When 

good g ro w th  h ad  b e e n  a c h ie v e d ,  two d ro p s  f ro m  e a c h  o f  th e  

b r o t h s  w ere p l a t e d  o n to  BM a g a r  o f  B lood  a g a r  (O xo id  CM 5 5 ) ,  

t o  t e s t  f o r  p u r i t y ,  and 0.04% fo rm a ld e h y d e  was added  t o  t h o s e  

b r o t h s  t o  be u s e d  f o r  th e  p r e p a r a t i o n  o f  'H '  a n t i g e n s .  The 

g ro w th  was s e d im e n te d  by  c e n t r i f u g a t i o n  a t  3000g . f o r  20m in. 

u s i n g  an  M. S .E .  h ig h  s p e e d  18 c e n t r i f u g e ,  and r e  su s p e n d e d  i n  

50 m l.  o f  s t e r i l e  p h y s i o l o g i c a l  s a l i n e .  T h is  p r o c e s s  was 

r e p e a t e d  t w i c e ,  t h e  f i n a l  b a c t e r i a l  s e d im e n t  was r e s u s p e n d e d  

i n  10 t o  20m l. o f  s t e r i l e  p h y s i o l o g i c a l  s a l i n e  and p l a c e d  i n  

a  s t e r i l e  b o t t l e .

The 'H* a n t i g e n  s u s p e n s io n s  w ere  p r e s e r v e d  by th e  add

i t i o n  o f  0.04% fo rm a ld e h y d e .  The 'O ' a n t i g e n  s u s p e n s io n s  

w ere h e a t e d  i n  a b o i l i n g  w a t e r - b a t h  f o r  1 h o u r ,  and on c o o l 

i n g  5 d ro p s  o f  a l%w/v m e r t h i o l a t e  s o l u t i o n  w ere added  as  a 

p r e s e r v a t i v e .  A l l  v a c c i n e s  w ere  s t o r e d  a t  4®C an d , b e f o r e  

u s e ,  w ere  t e s t e d  f o r  s t e r i l i t y  and a d j u s t e d  t o  B ro w n 's  

o p a c i t y  tu b e  (BT) num bers 4 and 8 .  S u s p e n s io n s  a t  BT 4 w ere  

u s e d  f o r  i n i t i a l  i n j e c t i o n s ,  b u t  s u b s e q u e n t l y  s u s p e n s io n s  a t  

BT 8 w ere  em p lo y ed .

P r e p a r a t i o n  o f  P a r t i c u l a t e  A n t i g e n s .  (As f o r  t h e  p r e p a r a 

t i o n  o f  v a c c i n e s ) .
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P r e p a r a t i o n  o f  th e  HCl E x t r a c t s .  The m ethod o f  L a n c e f i e l d  

(1933) was u s e d .  The b a c t e r i a  w ere grown i n  100m l. q u a n t i t 

i e s  o f  G lu c o s e -L e mco B ro th  i n  100m l. s c re w  cap  b o t t l e s  a t  

37®C, u n t i l  good g row th  was a c h ie v e d  ( u s u a l l y  1 -2  d a y s ) .

K. z o p f i i  and C. p o i n s e t t i a e  a g a i n  r e q u i r e d  a e r a t i o n .

M. t h e  rm osph ac tum  was grown a t  30®C, and t h i s  b a c t e r i u m ,

E . r h u s i o p a t h i a e  and G. h a e m o ly s a n s  w ere  c u l t u r e d  i n  NBG t o  

a c h ie v e  s u f f i c i e n t  g ro w th .  A l l  th e  b a c t e r i a  w ere  s e d im e n te d  

by  c e n t r i f u g a t i o n  a t  3 ,0 0 0 g .  f o r  20m in. i n  an  M .S .E . h ig h  

s p e e d  18 c e n t r i f u g e .  The b a c t e r i a l  p e l l e t  was r e s u s p e n d e d  

i n  2m l. o f  s t e r i l e  0.05% h y d r o c h l o r i c  a c i d  i n  0.85%  sod iu m  

c h l o r i d e  s o l u t i o n .  The r e s u l t a n t  s u s p e n s i o n  was h e a t e d  f o r  

lOm in. i n  a b o i l i n g  w a t e r - b a t h ,  c o o le d  im m e d ia te ly  i n  c o ld  

w a t e r  and n e u t r a l i z e d  w i th  s t e r i l e  0 .5 N  so d iu m  h y d r o x id e  

s o l u t i o n ,  u s i n g  one d ro p  o f  p h e n o l  r e d  a s  i n d i c a t o r .  The 

c e l l  d e b r i s  was t h e n  s e d im e n te d  b y  c e n t r i f u g a t i o n  f o r  20m in. 

i n  an  M .S .E . b en ch  c e n t r i f u g e .  The s u p e r n a t a n t  was c a r e f u l l y  

rem oved to  a s t e r i l e  b i j o u x  b o t t l e .  Two d ro p s  o f  a l%w/v 

m e r t h i o l a t e  s o l u t i o n  w ere  added as  a p r e s e r v a t i v e .  The HCl 

e x t r a c t s  w ere  s t o r e d  a t  4®C.

b) P r e p a r a t i o n  o f  A n t i s e r a .

Sandy-L op R a b b i t s  ( N o r f o lk  R a b b i t s ,  B u n 's  B ank , Norw ich) 

w ere  i n j e c t e d  i n t r a v e n o u s l y  i n  th e  l e f t  e a r ,  w i t h  0 .5 m l  t o  

2m l. o f  t h e  s t e r i l e  a n t i g e n  p r e p a r a t i o n s .  I n i t i a l l y ,  a 

c o u r s e  o f  s i x  i n j e c t i o n s ,  s p a c e d  o v e r  two w e ek s ,  was g iv e n .  

T e s t  b l e e d i n g s  w ere  made 7 t o  10 d ay s  a f t e r  th e  l a s t  i n j e c t s  

i o n .  The b lo o d  was ' r i n g e d ' ,  a l lo w e d  t o  c l o t  a t  37®C f o r  

1 h o u r  b e f o r e  t h e  se ru m  was rem oved . Any b lo o d  c e l l s  were
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s e d im e n te d  by  c e n t r i f u g a t i o n  f o r  20m in. i n  an  M .S .E . b ench  

c e n t r i f u g e .  The t i t r e  was d e te r m in e d  by  tu b e  a g g l u t i n a t i o n  

t e s t s  ( s e e  s e c t i o n  ( d ) ) ,  and i f  a r e a c t i o n  was o b s e r v e d  a t  a 

se ru m  d i l u t i o n  o f  1 i n  512 o r  o v e r  a  f u l l  b l e e d  was p e r fo rm e d  

th e  f o l l o w i n g  d a y .  S e r a  w ere  h a r v e s t e d  a s  d e s c r i b e d  ab o v e ,  

and b o th  t e s t  and f u l l  b l e e d  a n t i s e r a  w ere  p r e s e r v e d  by  th e  

a d d i t i o n  o f  one d ro p  o f  a l%w/v m e r t h i o l a t e  s o l u t i o n  p e r  3ml. 

and s t o r e d  a t  4^C.

A b s o r p t i o n .  The s t r a i n s  r e q u i r e d  f o r  a b s o r p t i o n  w ere grown 

i n  250m l. q u a n t i t i e s  o f  NBG i n  250m l. s c re w  cap  b o t t l e s ,  a t  

35®C. The g ro w th  was s e d im e n te d  by  c e n t r i f u g a t i o n  i n  an  

M .S .E . h ig h  s p e e d  18 c e n t r i f u g e  a t  3 ,0 0 0 g .  f o r  20 m in . The 

p e l l e t  was r e s u s p e n d e d  i n  5 t o  10 m l. o f  s t e r i l e  p h y s i o l o g i 

c a l  s a l i n e ,  h e a t e d  i n  a b o i l i n g  w a t e r  b a t h  f o r  1 h o u r  and 

s e d im e n te d  by  c e n t r i f u g a t i o n  i n  an  M .S .E . b e n ch  c e n t r i f u g e  

f o r  20m in. The a n t i s e r u m  to  be a b s o rb e d  was p o u r e d  o n to  th e  

r e s u l t a n t  p e l l e t  and i n c u b a t e d  a t  35®C, A t i n t e r v a l s  th e  

c e l l s  w ere  s e d im e n te d  u s i n g  an  M .S .E . b en ch  c e n t r i f u g e ,  and 

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

a n t i g e n  o f  t h e  o rg a n is m  b e in g  u s e d  f o r  a b s o r p t i o n .  When 

a g g l u t i n a t i o n  c o u ld  no l o n g e r  be d e t e c t e d  by  s l i d e  a g g l u t i n 

a t i o n ,  th e  a b s o r p t i o n  was c o n s i d e r e d  t o  be co m p le t e  and th e  

a n t i s e r u m  rem oved fro m  th e  c e l l  p e l l e t .

c) S e r o l o g i c a l  T e s t  M ethods.

Tube A g g l u t i n a t i o n  T e s t . The a n t i s e r u m  t o  be t e s t e d  was 

d i l u t e d  by  a s e r i e s  o f  d o u b l in g  d i l u t i o n s  i n  0 .5 m l .  am ounts 

o f  p h y s i o l o g i c a l  s a l i n e  ( f ro m  1 i n  2 t o  1 i n  1 0 2 4 ) ,  i n  

a g g l u t i n a t i o n  t u b e s .  P a r t i c u l a t e  a n t i g e n  a t  BT 4 was d i l u t e d
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by  a d d in g  2ml. o f  a n t i g e n  t o  5m l. o f  p h y s i o l o g i c a l  s a l i n e .

The r e s u l t a n t  a n t i g e n  s u s p e n s i o n  ( 0 .5 m l . )  was added to  e a c h  

o f  th e  se ru m  d i l u t i o n s  and a s a l i n e  c o n t r o l  ( t o  d e t e c t  any 

a u to  a g g l u t i n a t i o n ) . The a n t i g e n  and a n t i s e r u m  w ere m ixed 

w e l l ,  and i n c u b a te d  i n  a w a t e r - b a t h  a t  37^C o v e r n i g h t  ( a p p 

r o x i m a t e l y  18 h o u r s ) , o r  i n  a w a t e r - b a t h  a t  5 0 f o r  1 h o u r  

f o l lo w e d  by o v e r n i g h t  i n c u b a t i o n  a t  4®C. The t u b e s  w ere 

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

s u s p e n s i o n ) .

S l i d e  A g g l u t i n a t i o n  T e s t .  One d ro p  o f  t h e  a n t i s e r u m  t o  be 

t e s t e d  and one d rop  o f  s a l i n e  ( a s  a c o n t r o l  t o  t e s t  f o r  a u t o 

a g g l u t i n a t i o n )  w ere  p l a c e d  on  a c l e a n  g l a s s  s l i d e .  One d ro p  

o f  a n t i g e n  s u s p e n s i o n  was t h e n  added  t o  e a c h  o f  t h e s e  d r o p s ,  

th e  s l i d e  ro c k e d  t o  e n s u r e  good m ix in g ,  and th e  d ro p s  o b s e r 

ved  f o r  a g g l u t i n a t i o n .

R in g  P r e c i p i t i n  T e s t .  S m a ll  q u a n t i t i e s  o f  a n t i s e r u m  w ere 

p l a c e d  a t  t h e  b o t to m  o f  2mm. d i a m e t e r  g l a s s  t u b e s .  S i m i l a r  

am ounts o f  th e  HCl e x t r a c t s  w ere  l a y e r e d  c a r e f u l l y  upo n  th e  

a n t i s e r u m ,  and to  one s a l i n e  was added  a s  a  c o n t r o l .  The 

t u b e s  w ere  l e f t  t o  s t a n d  a t  room t e m p e r a t u r e , and  o b s e r v a t 

i o n s  w ere  made a f t e r  lO m in . , 30m in. and 1 h o u r  f o r  th e  p r o 

d u c t i o n  o f  a w h i t e  r i n g  a t  t h e  i n t e r f a c e  o f  th e  two l i q u i d s ,  

i n d i c a t i v e  o f  an  i n t e r a c t i o n  b e tw e e n  th e  a n t i g e n  and th e  

a n t i b o d y .

D ouble  G el D i f f u s i o n  T e s t .  The m ethod  was b a s e d  upon  th e  

M a n s i (1958) m o d i f i c a t i o n  o f  th e  d o u b le  g e l  d i f f u s i o n  m ethod 

o f  O u c h te r lo n y  ( l 9 5 3 ) .  F iv e  m l. o f  O u c h te r lo n y  a g a r  w ere  

c a r e f u l l y  l a y e r e d  o n to  a 1" by  3" g l a s s  s l i d e .  When s e t ,  

w e l l s  w ere  c u t  i n t o  th e  a g a r  su c h  t h a t  s i x  w e l l s  w ere  e q u i -
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d i s t a n t  from  a c e n t r a l  s e v e n t h  w e l l .  A m e ta l  tenq > la te  was 

u s e d  f o r  t h i s  p u r p o s e .  The a n t i s e r u m  t o  he t e s t e d  was p l a c 

ed  i n  th e  c e n t r a l  w e l l ,  and th e  a n t i g e n s  (HCl e x t r a c t s )  and 

a s a l i n e  c o n t r o l  w ere  p l a c e d  i n  t h e  o u t e r  w e l l s .  The s l i d e s  

w ere  i n c u b a t e d  a t  room t e m p e r a t u r e  i n  a h u m id i ty  ch am b er,  and 

o b s e r v a t i o n s  w ere  made a f t e r  1 ,  2 and 3 d a y s .  A r e a c t i o n  was 

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

i n  t h e  a g a r  b e tw e e n  th e  w e l l s .
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RESULTS.

I .  N u m e r ic a l  Taxonomy.

The coded  r e s u l t s  ( s e e  A p pend ix  W  ) w ere a n a l y s e d  as 

d e s c r i b e d  i n  t h e  C om puter M ethods s e c t i o n  and t h e  r e l e v a n t  

d en d ro g ra m s and s i m i l a r i t y  m a t r i c e s  c o n s t r u c t e d .  The dend

ro g ra m s  a re  r e p r e s e n t e d  i n  F i g u r e s  2 , 3 , 4  and 6 ,  and t h e  s im 

i l a r i t y  m a t r i c e s  a r e  shown i n  F i g u r e  5 and A p p en d ix  ITT 

F i g u r e s  I  to  ISL ,

The l a r g e  s i z e  o f  th e  d a t a  m a t r i x  and l i m i t a t i o n s  imp

o se d  by  th e  co m p u te r  d i d  n o t  p e r m i t  a l l  o f  th e  OTUs t o  be 

conq)ared a t  th e  same t im e .  F o r  a  d a t a  m a t r i x  i n  w h ic h  t h e r e  

w ere 143 c h a r a c t e r s  a  maximum o f  180 OTUs c o u ld  be c o m p a red ,  

t h e r e f o r e ,  12 o f  th e  t o t a l  o f  192 OTUs i n c l u d e d  i n  t h e  s u r v e y  

were o m i t t e d .  The 25 s t r a i n s  o f  M. t h e  rm osph ac tum  w ere  v e r y  

s i m i l a r ,  and i t  w as , t h e r e f o r e ,  d e c id e d  t o  d e l e t e  12 o f  t h e s e  

f o r  th e  i n i t i a l  c o m p u ta t io n .  (S u b s e q u e n t  c o m p u te r  a n a l y s i s  

showed t h a t  th e  25 s t r a i n s  o f  M. t h e  rm osph ac tum  w ere a t  l e a s t  

80% s i m i l a r  t o  e a c h  o t h e r ,  t h e  m a j o r i t y  more t h a n  90% s i m i l 

a r .  See A p pend ix  HL F ig u r e  l U  ) .

The a v e ra g e  (UPGM) and s i n g l e  (SLM) l i n k a g e  c l u s t e r i n g  

o p t i o n s  w ere e m p lo y ed , b u t  t h e  fo rm e r  r e s u l t e d  i n  t h e  p r o d 

u c t i o n  o f  a  more i n f o r m a t i v e  d e n d ro g ra m . As a  r e s u l t  o f  th e  

c l u s t e r i n g  m ethod , t h e  l i n k a g e s  b e tw e e n  t h e  m a in  c l u s t e r s  i n  

th e  SLM d en d ro g ram  te n d e d  t o  be l e s s  c l e a r  t h a n  t h o s e  i n  t h e  

UPGM d e n d ro g ra m . U s in g  th e  SLM a n  OTU o r  a  c l u s t e r  was 

j o i n e d  t o  a n  e x i s t i n g  c l u s t e r  a t  t h e  s i m i l a r i t y  l e v e l  i t  

showed t o  t h e  m o st s i m i l a r  OTU w i t h i n  t h a t  c l u s t e r .  W ith  t h e  

UPGM, h o w e v e r ,  t h e  s i m i l a r i t y  l e v e l  shown was th e  a v e r a g e
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s i m i l a r i t y  b e tw e e n  th e  e n t e r i n g  OTU o r  c l u s t e r  and th e  e x i s t 

i n g  c l u s t e r  ( S n e a th  ( 1 9 6 6 ) ) .  C l u s t e r i n g ,  t h e r e f o r e ,  o c c u r r e d  

a t  a h i g h e r  s i m i l a r i t y  l e v e l  w i t h  th e  SLM t h a n  w i th  th e  UPGM, 

w i th  t h e  r e s u l t  t h a t  th e  l i n k a g e s  were c o m p re sse d  i n t o  a 

n a r ro w e r  s i m i l a r i t y  r a n g e .

The UPGM d end rog ram  p ro d u c e d  f o r  180 OTUs (D endrogram  

A) i s  shown i n  F ig u r e  2 and th e  c o r r e s p o n d i n g  s i m i l a r i t y  

m a t r i x  i s  i n  A ppend ix  I I I  F ig u r e  I  .

Due t o  t h e  n e c e s s i t y  f o r  two i n c u b a t i o n  t e m p e r a t u r e s  

w i t h i n  t h e  s u r v e y  ( s e e  M ethods s e c t i o n  I ( b ) ) ,  46 s t r a i n s  

were t e s t e d  a t  30^0 and 35^0 . T hese  d u p l i c a t e  s e t s  o f  r e s u l 

t s ,  p l u s  t h e  s i n g l e  s e t s  o f  r e s u l t s  f o r  a f u r t h e r  88 s t r a i n s ,  

were com pared  u s i n g  th e  p ro g ra m  ITBNCLST. The d en d ro g ram  

(D endrogram  B, F ig u r e  3) and s i m i l a r i t y  m a t r i x  ( S i m i l a r i t y  

M a t r ix  B, A ppend ix  H I*  F ig u r e  H  ) p ro d u c e d ,  i n d i c a t e d  t h a t  

t h e r e  was i n  f a c t  good a g re e m e n t  b e tw e e n  t h e  two s e t s  o f  d a t a ,  

and t h a t  c o m p a r is o n  o f  b a c t e r i a  t e s t e d  a t  d i f f e r e n t  t e n p e r a -  

t u r e s  w as ,  i n  t h i s  i n s t a n c e ,  a c c e p t a b l e .

I n  D endrogram  A ( F ig u r e  2) a t  a p p r o x im a te ly  67% s i m i l a r 

i t y  ( S ) , t h e  b a c t e r i a  u n d e r  s t u d y  f e l l  i n t o  two m a in  c l u s t e r s ,  

l a b e l l e d  I  and I I .

C l u s t e r  I  c o n ta in e d  r e p r e s e n t a t i v e s  o f  t h e  g e n e r a  

E r y s i p e l o t h r i x , G e m e l la , L a c t o b a c i l l u s ,  L i s t e r i a , P r o p i o n i -  

b a c t e r i u m  and S t r e p t o c o c c u s , t o g e t h e r  w i t h  t h e  s p e c i e s  

M ic r o b a c te r iu m  th e rm o sp h a c tu m , t h e  s o - c a l l e d  B a c te r iu m  e u r y -  

d i c e , and one r e p r e s e n t a t i v e  o f  t h e  genus  B r e v i b a c t e r i u m  -  

B r e v ib a c t e r i u m  d i v a r i c a t u m .

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

o f  t h e  f a m i l i e s  C o r y n e b a c t e r i a c e a e , B r e v i b a c t e r i a c e a e  and
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M ic ro c o c c a c e a e ,w h ic h  w ere i n c l u d e d  f o r  c o m p a r i t i v e  p u r p o s e s .

T hese  two m ain  c l u s t e r s  d i v id e d  i n t o  a t o t a l  o f  21 m in o r  

c l u s t e r s ,  t h e  m em bership  o f  w hich  i s  shown i n  TABLE 13 .

C l u s t e r  I ,

W i th in  t h i s  c l u s t e r  t h r e e  m ain  s u b d i v i s i o n s ,  lA , IB and 

IC , w ere form ed above th e  75% s i m i l a r i t y  l e v e l  ( S ) .

C l u s t e r  lA .

T h is  c l u s t e r  was a r e l a t i v e l y  hom ogeneous g ro up  w i t h  an  

o v e r a l l  s i m i l a r i t y  o f  a b o u t  80% S and c o n t a i n e d  a l l  b u t  one 

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

r e c e i v e d  a s  E r y s i p e l o t h r i i  r h u s i o p a t h i a e . T h ree  c l u s t e r s  and 

one s i n g l e  s t r a i n  ( L. d e n i t r i f i c a n s  ) c o u ld  be d i s t i n g u i s h e d  

w i t h i n  t h e  c l u s t e r .  The f i r s t  c l u s t e r ,  l A l ,  (88%S) c o n t a i n e d  

35 s t r a i n s  r e c e i v e d  as L. m onocy to genes  and L i s t e r i a  s p . , one 

s t r a i n  r e c e i v e d  a s  E. r h u s i o p a t h i a e  and one s t r a i n  r e c e i v e d  

as L. d e n i t r i f i c a n s  ( G l ) ,  The s e c o n d  c l u s t e r ,  IA2, (90%S) 

c o n ta in e d  a l l  th e  s t r a i n s  o f  L. g r a y i  and L. m u r r a y i , and th e  

f i n a l  c l u s t e r ,  IA 3, (82%S) c o n ta in e d  t h r e e  s t r a i n s  (Q8, G l5 a  

and 0 1 6 a) o f  L. m ono cy togenes  and L i s t e r i a  s p .  S t r a i n  0 8 ,  

w hich  was n o n - h a e m o ly t i c , was r e c e i v e d  from  th e  c o l l e c t i o n  o f  

t h e  l a t e  E .O .D . M urray  as  a p o s s i b l e  r e p r e s e n t a t i v e  o f  a new 

s p e c i e s  o f  L i s t e r i a .  S t r a i n s  015 and 0 1 6 ,  L i s t e r i a  m o nocy to 

g e n e s  i s o l a t e d  from  sa lm o n , c o n ta in e d  two t y p e s  o f  c o lo n y  o n  

r e c e i p t ,  one t r a n s l u c e n t  and p - h a e m o ly t i c  ( t y p i c a l  o f  L. mon

o c y to g e n e s ). th e  o t h e r  more opaque and n o n - h a e m o ly t i c .  The 

two t y p e s  w ere  s e p a r a t e d  and th e  l e s s  t y p i c a l  fo rm s r e f e r r e d  

t o  a s  0 1 5 a  and 0 1 6 a .
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TABLE 13 . The c o m p o s i t i o n  o f  th e  c l u s t e r s  fo rm ed i n  

D endrogram  A. ( F ig u r e  2 ) .

C l u s t e r  l A l .

L i s t e r i a  d e n i t r i f i c a n s  G l .

L i s t e r i a  m on o cy to g en es  0 5 ,  0 6 ,  0 7 ,  0 1 0 ,  O i l ,  0 1 2 ,  0 1 3 ,  

0 1 4 ,  0 1 5 ,  0 1 6 ,  0 1 7 ,  0 1 8 ,  0 1 9 ,  0 2 0 ,  0 2 1 ,  0 2 2 ,  0 2 3 ,  0 2 4 ,  0 2 5 ,  

0 2 6 ,  0 2 7 ,  0 2 8 ,  0 2 9 ,  0 3 0 ,  0 3 1 ,  0 3 2 ,  0 3 3 ,  0 3 4 ,  0 3 5 ,  0 3 6 ,  0 3 7 ,  

0 3 8 ,  0 3 9 ,  0 4 0 .

L i s t e r i a  s p .  0 4 .

E r y s i p e l o t h r i x  r h u s i o p a t h i a e  0 1 9 1 .

C l u s t e r  IA2.

L i s t e r i a  g r a y i  0 2 ,  0 3 ,  0 4 2 ,  0 4 7 .

L i s t e r i a  m u r ra y i  0 4 4 ,  0 4 5 ,  0 4 6 .

C l u s t e r  IA 3.

L i s t e r i a  m o n o cy to g en es  O l5 a ,  0 1 6 a .

L i s t e r i a  s p .  0 8 .

C l u s t e r  IB 6 .

L a c t o b a c i l l u s  c a s e i  0 6 5 ,  0 6 6 .

" p i  a n t  arum 0 7 7 .

" s a l l v a r l u s  0 7 8 ,  0 7 9 .

E r y s i p e l o t h r i x  r h u s i o p a t h i a e  0 1 8 9 .

C l u s t e r  IB 7 .

L a c t o b a c i l l u s  m a l i  0 1 4 2 ,  0 1 4 3 , 0 1 4 4 .
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table 13. (con tin u ed ).

C l u s t e r  IBS.

S t r e p t o c o c c u s  p y o g e n e s  G120.

” a g a l a c t i a e  G121.

" e q u i  H122.

" d u ra n s  G124.

** s p .  (E) G129.

s p .  (G) G131.

s p .  (H) G132.

s p .  (N) G136.

C l u s t e r  IB 9 .

S t r e p t o c o c c u s  b o v i s  G123.

" f  a e c a l i s  G125.

" f a e c iu m  G126.

" l i q u i f a c i e n s  G127.

" zym ogenes G128.

s p .  (Q) G134.

” s p .  0 1 3 8 .

" e q u in u s  0 1 4 0 .

C l u s t e r  IB 12 .

M ic r o b a c te r iu m  th e rm o sp h a c tu m  0 9 8 ,  0 9 9 ,  0 1 0 0 ,  O lO l ,  0 1 0 2 ,

0 1 0 3 , 0 1 0 4 ,  0 1 0 5 , 0 1 0 6 ,  0 1 0 7 , 0 1 0 8 , 0 1 0 9 , 01 1 0 .

C l u s t e r  IB 16 .

P r o p i o n b a c t e r i u m  s h e r m a n i i  0 1 5 1 .

" f r e u n d e n r e i c h i i  0 1 5 2 .
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table 13. (co n tin u ed ) .

C l u s t e r  IB16 c o n t .

P r o p i o n i b a c t e r i u m  p e t e r s o n i i  G153.

” p e n to s a c e u m  6 1 5 4 .

C l u s t e r  IC 4 .

L a c t o b a c i l l u s  a c i d o p h i l u s  0 6 0 .

” b u l g a r i c u s  06 4 .

" d e l b r u e c k i i  0 6 8 ,  0 8 1 .

" h e l v e t i c u s  0 7 2 .

" j u g u r t  0 7 3 ,  0 7 4 .

” l a c t i s  0 7 5 .

” s p . 0 8 0 .

C l u s t e r  IC 5 .

L a c t o b a c i l l u s  b u c h n e r i  0 6 3 .

" c e l l o b i o s u s  0 6 7 .

" f e rm e ntum  0 6 9 ,  0 7 0 ,  0 7 1 .

" l e i c h m a n n i i  0 7 6 .

C l u s t e r  IC IO .

S t r e p t o c o c c u s  s p .  (M) 0 1 3 5 .

s p .  (0) 0 1 3 7 .

" s u i s  0 1 4 1 .

C l u s t e r  I C l l .

S t r e p t o c o c c u s  s u i s  0 1 9 6 , 0 1 9 7 , 0 1 9 8 ,  0 1 9 9 , 0 2 0 0 .
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table 13. ( continued)j

C l u s t e r  IC 14 .

E r y s i p e l o t h r i x  r h u s i o p a t h i a e  0 1 8 3 , 0 1 8 4 , 0 1 8 5 , 0 1 8 6 ,  0 1 8 7 , 

0 1 8 8 ,  0 1 9 0 ,  0 1 9 2 , 0 1 9 3 ,  0 1 9 4 ,  0 1 9 5 .

C l u s t e r  IC 15 .

O e m e lla  h a e m o ly sa n s  0 8 2 ,  0 8 3 ,  0 8 4 .

N e i s s e r i a  h a e m o ly sa n s  0 8 5 .

C l u s t e r  IC 18 .

B a c te r iu m  e u r y d i c e  0 1 7 2 ,  0 1 7 3 ,  0 1 7 4 .

C l u s t e r  IC 19 .

S t r e p t o c o c c u s  s p .  (F) 0 1 3 0 .

s p .  (K) 0 1 3 3 0 ,  0133T.

C l u s t e r  I IA 1 3 .

K u r t h i a  z o p f i i  0 1 1 1 ,  0 1 1 2 ,  0 1 1 3 ,  0 1 1 4 ,  0 1 1 5 ,  0 1 1 6 ,  0 1 1 7 , 

0 1 1 8 ,  0 1 1 9 . 01 6 8 .

C l u s t e r  I IA 2 0 .

B r e v i h a c t e r i u m  l i n e n s  01 6 5 .

" s t a t i o n i s  016 6 .

" le u c in o p h a g u m  0 1 6 7 .

” i m p é r i a l e  0 1 6 9 .

” ammon i a g e n e s  0 1 7 0 .

C e l lu lo m o n a s  f i m i  01 4 6 .

” r o s s i c a  0 1 4 9 .



91
TABLE 13. (con tin u ed ).

C l u s t e r  IIA 20 c o n t .

jC o ry n e b a c te r iu m  fasc ian s  0 1 5 5 .

" r a t h a y i  G157.

" p o i n s e t t i a e  G158.

" m ed io lanum  G161.

” m ic h ig a n e n s e  G162.

" b e t a e  G163.

M ic ro c o c c u s  l u t e u s  G179.

" d e n i t r i f i c a n s  6 1 8 2 .

C l u s t e r  I IB 1 7 .

C o ry n e b a c te r iu m  i n s i d i o s u m  6 1 5 6 . 

M ic ro c o c c u s  h y i c u s  G180. 

S ta p h y lo c o c c u s  e p i d e r m i d i s  6 1 7 5 .

" s a p r o p h y t i c u s  G176.

" a u r e u s  6 1 7 7 ,  G178.

C l u s t e r  I IC 2 1 .

A r t h r o b a c t e r  s p .  6 2 0 1 ,  G202.

B r e v i b a c t e r i u m  a c e t y l i c u m  6 1 6 4 . 

C e l lu lo m o n a s  b i a z o t e a  G145.

” i l a v i g e n a  G147.

b i b u l a  6 1 4 8 .

" u d a  0150

C o r y n e b a c te r iu m  d i p h t h e r i a e  0 1 5 9 .

” m a n ih o t  0 1 6 0 .
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C l u s t e r  IB.

T h is  r e l a t i v e l y  h e t e r o g e n e o u s  g roup  w i th  much i n t e r n a l  

s t r u c t u r e ,  c o n t a in e d  a l l  s t r a i n s  r e c e i v e d  as  L a c t o b a c i l l u s  

m a l i . M. th e rm o sp h a c tu m  and P r o p i o n i b a c t e r i u m ,  m o st o f  th e  

s t r a i n s  o f  S t r e p t o c o c c u s . 5 s t r a i n s  o f  t h e  genus  L a c t o b a c i l l 

u s . one s t r a i n  o f  E. r h u s i o p a t h i a e  and one s t r a i n  o f  L i s t e r i a  

s p .  Above 80% S 6 c l e a r  c l u s t e r s  and 3 s i n g l e  s t r a i n s  c o u ld  

be d i s t i n g u i s h e d  w i t h i n  g rou p  IB . The t h r e e  s i n g l e  s t r a i n s  

w ere  r e c e i v e d  as L i s t e r i a  s p . .  S t r e p t o c o c c u s  sp . ( s e r o l o g i c a l  

g ro up  L) and S . u b e r i s .

The 5 s t r a i n s  o f  L a c t o b a c i l l u s  s p .  and th e  one s t r a i n  

r e c e i v e d  as E . r h u s i o p a t h i a e  fo rm ed  a c l u s t e r ,  IB 6 , (82% S) 

t o  w h ich  th e  s i n g l e  s t r a i n  o f  L i s t e r i a  s p .  (09) j o i n e d  a t  

79% S . The s t r a i n s  o f  M. th e rm o sp h a c tu m  form ed a t i g h t  

c l u s t e r ,  IB 1 2 , (90% S) w hich  j o i n e d  c l u s t e r  IB6 a t  77% S.

The 3 s t r a i n s  o f  L. m a l i . c l u s t e r  IB 7 , (94% S) j o i n e d  c l u s t 

e r s  IB6 and IB12 a t  76% S , and t h e  4 s t r a i n s  o f  P r o p i o n i b a c 

t e r i u m  s p . . c l u s t e r  IB 16 , (81% S) j o i n e d  t h e s e  t h r e e  c l u s t e r s  

a t  75% S . The r e m a in in g  s t r a i n s  w i t h i n  g ro u p  IB w ere  a l l  

s t r e p t o c o c c i .  The s t r e p t o c o c c i  o f  s e r o l o g i c a l  g ro u p  D ( e x c 

e p t  S . d u r  a n s ), p l u s  one r e p r e s e n t a t i v e  o f  g ro u p  Q, fo rm ed  a 

c l u s t e r ,  IB 9 , (85% S ) .  A l l  b u t  two o f  th e  r e m a in in g  s t r e p t 

o c o c c i  w i t h i n  c l u s t e r  IB ( i n c l u d i n g  S. d u r a n s ) fo rm ed  a 

c l u s t e r ,  IB 8 , a t  84% S, and j o i n e d  c l u s t e r  IB9 a t  82% S.

These  two c l u s t e r s  o f  s t r e p t o c o c c i  w ere  j o i n e d  a t  80% S by 

th e  s i n g l e  s t r a i n  o f  S . u b e r i s ,  and a t  76% S by  th e  

S t r e p t o c o c c u s  s t r a i n  048 ( s e r o l o g i c a l  g ro u p  L ) . The s t r e p 

t o c o c c i  t h e n  j o in e d  t h e  r e m a in in g  members o f  g rou p  IB ( c l u s 

t e r s  IB 6 ,  IB 7 , IB12 and IB 16) a t  74% S, and th e  c l u s t e r s
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lA and IB were l i n k e d  a t  73% S.

C l u s t e r  IC .

T h is  c l u s t e r  was a l s o  r e l a t i v e l y  h e t e r o g e n e o u s .  I t  

c o n t a i n e d  3 s t r a i n s  r e c e i v e d  as  B a c te r iu m  e u r y d i c e . th e  s i n 

g l e  s t r a i n  o f  B r e v ih a c t e r i u m  d i v a r i c a t u m . a l l  b u t  two s t r a i n s  

o f  E. r h u s i o p a t h i a e  ( s e e  c l u s t e r s  lA and I B ) ,  members o f  t h e  

gen u s  G e m e l la . t h e  m a j o r i t y  o f  th e  l a c t o b a c l l l i  and th e  rem

a i n i n g  s t r a i n s  o f  s t r e p t o c o c c i .  Above 80% S , 8 c l u s t e r s  and 

3 s i n g l e  s t r a i n s  ( L a c t o b a c i l l u s  b r e v i s , one o f  t h e  2 s t r a i n s  

o f  L. a c i d o p h i l u s  and B. d i v a r i c a t u m ) c o u ld  be d i s t i n g u i s h e d .  

The l a c t o b a c l l l i  fo rm ed two m a in  c l u s t e r s ,  IC4 (82% S) and 

IC5 (83% S ) , t o  w h ich  L. b r e v i s  j o i n e d  a t  80% S ,  and L. a c i d 

o p h i l u s  ( b i o ty p e  I )  a t  76% S . The s t r a i n s  o f  E . r h u s i o p a t h 

i a e  fo rm ed a v e r y  t i g h t  c l u s t e r ,  IC 1 4 , (90% S) w h ich  a t  80%S 

was j o i n e d  by a  s m a l l  c l u s t e r ,  I C I 9, (85% S) w h ich  c o n t a i n e d  

t h r e e  s t r a i n s  o f  s t r e p t o c o c c i  from  s e r o l o g i c a l  g ro u p s  F and 

K. F iv e  s t r a i n s  r e c e i v e d  a s  S. s u i s  fo rm ed a t i g h t  c l u s t e r ,  

I C l l ,  (92% S ) , w hich  j o i n e d  c l u s t e r s  IC14 and IC19 a t  79% S. 

T h ree  f u r t h e r  s t r a i n s  o f  s t r e p t o c o c c i ,  one r e c e i v e d  as  

s u i s . and one from  e a c h  o f  th e  s e r o l o g i c a l  g ro u p s  0 and M, 

fo rm ed  a c l u s t e r ,  IC lO , (82% S) w h ich  j o i n e d  th e  c l u s t e r s  

I C l l ,  IC14 and IC19 a t  78% S . The 3 s t r a i n s  o f  B. e u r y d i c e  

fo rm ed  a  t i g h t  c l u s t e r ,  IC 1 8 , (94% S) t o  w hich  th e  s i n g l e  

s t r a i n  o f  B r e v i b a c t e r i u m  d i v a r i c a t u m  was j o i n e d  a t  82% S .

The 4 s t r a i n s  o f  G. h a e m o ly s a n s  fo rm ed  a t i g h t  c l u s t e r ,  I C I 5 , 

(92% S) w hich  j o i n e d  c l u s t e r  IC18 and th e  s t r a i n  o f  B. d i v a r 

ic a tu m  a t  81% S. T hese  s t r a i n s  t h e n  j o i n e d  c l u s t e r s  IC IO , 

I C l l ,  IC 14 and IC19 a t  77% S , and t h e s e  6 c l u s t e r s  t h e n  

j o i n e d  th e  two L a c t o b a c i l l u s  c l u s t e r s ,  IC4 and IC 5 , a t  76% S.
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The e n t i r e  c l u s t e r ,  IC ,  t h e n  j o i n e d  c l u s t e r s  lA and IB a t  

71% S.

C l u s t e r  I I .

W i th in  t h i s  c l u s t e r  t h r e e  m ain  s u b d i v i s i o n s ,  I IA ,  I IB  

and l i e  c o u ld  be d i s t i n g u i s h e d  above 72% S.

C l u s t e r  I IA  *

T h is  h e te r o g e n e o u s  g ro u p  p o s s e s s e d  much i n t e r n a l  s t r u c t 

u r e ,  and c o n t a i n e d  5 s t r a i n s  o f  t h e  g en u s  B r e v i b a c t e r i u m . 6 

from  th e  genus  C o r y n e b a c te r iu m , two s t r a i n s  o f  C e l l u l o m o n a s ,

2 m ic r o c o c c i  and a l l  t h e  s t r a i n s  r e c e i v e d  a s  K u r t h i a  z o p f i i .

A t 81% S th e  s t r a i n s  o f  K. z o p f i i  fo rm ed  a  r e l a t i v e l y  c l o s e  

c l u s t e r ,  I IA 1 3 .  The r e m a in in g  s t r a i n s  w i t h i n  c l u s t e r  I I A ,  

I IA 2 0 ,  fo rm ed a v e r y  h e t e r o g e n e o u s  g ro u p ,  t h r e e  s t r a i n s  j o i n 

ed  c l u s t e r  IIA 1 3  s i n g l y ,  th e  r e m a in d e r  d id  so  i n  s m a l l ,  v e ry  

l o o s e  c l u s t e r s ,  and showed b e tw e e n  73 and 77% S t o  c l u s t e r  

I IA 1 3 .

C l u s t e r  I IB .

T h is  c l u s t e r  was a more hom ogeneous g ro u p .  I t  c o n t a i n e d  

1 s t r a i n  r e c e i v e d  a s  C o ry n e b a c te r iu m  i n s i d i o s u m , 2 s t r a i n s  o f  

S t a p h y lo c o c c u s  a u r e u s , 1 s t r a i n  o f  S . e p i d e r m i d i s , and 2 s t r a 

i n s  r e c e i v e d  a s  S . s a p r o p h y t i eu s  and M ic ro c o c c u s  h y i c u s . The 

l a t t e r  two s p e c i e s  a r e  p r o b a b l y  synonym ous w i t h  S . e p i d e r m i d i s  

( J o n e s ,  D e ib e l  and N iv e n  ( 1 9 6 3 ) ) .  The c l u s t e r  was r e l a t i v e l y  

com pact (83% S) and no c l e a r  s u b d i v i s i o n s  c o u ld  be  d i s t i n g u i 

s h e d .  I t  w as ,  t h e r e f o r e ,  l a b e l l e d  a s  one c l u s t e r ,  I I B 1 7 ,  and 

i t  j o i n e d  c l u s t e r  I IA  a t  71% S .

C l u s t e r  l i e .

T h is  was a v e r y  h e te r o g e n e o u s  g ro u p ,  c o m p r i s in g  2 s t r a i n s
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r e c e i v e d  a s  p o s s i b l e  members o f  t h e  g en us  A r t h r o b a c t e r , 1 

s t r a i n  o f  B r e v ib a c t e r i u m  a c e t y l i c u m , 4 s t r a i n s  o f  t h e  genu s  

C e l lu lo m o n a s , and 2 s t r a i n s  f ro m  t h e  gen us  C o r y n e b a c te r iu m .

The c l u s t e r  was v e ry  l o o s e l y  fo rm e d ,  t h e  m a j o r i t y  o f  th e  

s t r a i n s  b e in g  b e tw e e n  73 and 81% s i m i l a r .  No c l e a r  s u b d i v i s 

i o n s  w ere  d i s t i n g u i s h a b l e  and th e  e n t i r e  g ro u p  w a s ,  t h e r e f o r e ,  

l a b e l l e d  as  one c l u s t e r ,  I IC 2 1 ,  w h ich  j o i n e d  c l u s t e r s  I IA  and 

I IB  a t  70% S.

I t  was d e c id e d  t o  i n v e s t i g a t e  137 o f  t h e  s t r a i n s  i n c l u d e d  

i n  D endrogram  A ( F ig u r e  2 ) ,  p l u s  th e  12 s t r a i n s  o f  M. th e rm o s 

ph  actum  w hich  had  b e e n  o m i t t e d ,  i n  f u r t h e r  d e t a i l .  U s in g  th e  

p ro g ra m  ITBNCLST, D endrogram  C ( F i g u r e  4) and S i m i l a r i t y  

M a t r ix  C ( F ig u r e  5 and A p pend ix  III , F ig u r e  III ) w ere  p r o d u c e d .  

The c l u s t e r s  form ed w ere  i d e n t i c a l  t o ,  o r  c l o s e l y  r e s e m b le d ,  

t h o s e  i n  F ig u r e  2 ,  and th e  m ain  d i v i s i o n s  i n t o  c l u s t e r s  lA ,

IB , IC and I I  c o u ld  c l e a r l y  be s e e n .  The M. th e rm o sp h a c tu m  

c l u s t e r ,  IB 12 , a g a i n  fo rm ed  a t  90% S ,  b u t  a l s o  c o n t a i n e d  t h e  

12 a d d i t i o n a l  s t r a i n s  o f  t h a t  s p e c i e s .  Of th e  t h r e e  s t r a i n s  

w h ich  fo rm ed  c l u s t e r  IC 19 , i n  F i g u r e  2 ,  two (G130 and G1330) 

now f e l l  i n  c l u s t e r  IB 8 , w h i le  t h e  o t h e r  (G133T) r e m a in e d  a s  a 

s i n g l e  s t r a i n  j o i n i n g  c l u s t e r  IC5 a t  75% S. The o t h e r  c l u s t 

e r s  w ere  a s  i n  F ig u r e  2 ,  s e e  TABLE 14 f o r  t h e  g rou p  m em bersh i

p s .  The s i m i l a r i t y  m a t r i x  from  m a g n e t ic  t a p e ,  p l u s  d e t a i l s  o f  

th e  g ro up  m em b ersh ip s  ( f o r  t h i s  p u r p o s e  G133T, due t o  t h e  s im 

i l a r i t y  i t  showed t o  G130 and G1330 i n  F ig u r e  2 ,  was a l s o  

i n c l u d e d  i n  c l u s t e r  IB8) w ere u s e d  w i t h  t h e  p ro g ra m  IGROUPS to  

p ro d u c e  th e  TABLE I  a s  shown i n  A p p en d ix  HT D e t a i l s  o f  th e  

number o f  *0*, *1* and ^2* r e s u l t s  f o r  e a c h  g r o u p ,  f o r  e a c h  

c h a r a c t e r ,  a r e  shown i n  t h i s  TABLE, w i t h  th e  a i d  o f  w h ic h ,  i t
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F ig u r e  5 . S i m i l a r i t y  M a t r ix  C

(149 OTUs)

Key to  S i m i l a r i t y  L e v e ls :

■ 90% S

D 80% S

# : 70% S

H- 60% S

50% S
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TABLE 14 .  The c o m p o s i t i o n  o f  t h e  g r o u p s  u s e d  f o r  t h e  

c o m p u te r  p r o g r a m  IGROUPS and t h e  c o n s t r u c t i o n  o f  t h e  

3 - d i m e n s i o n a l  m ode l ,

GROUP 1 .

L i s t e r i a  d e n i t r i f i c a n s  G l .

L i s t e r i a  m ono cy to gen es  G5, G6, G7, GIO, G i l ,  G12, G13, 

G14, G15, G16, G17, G18. G19, G20, G21, G22, G23, G24, G25, 

G26, G27, G28, G29, G30, G31, G32, G33, G34, G35, G36, G37, 

G38, G39, G40.

L i s t e r i a  s p .  G4.

E r y s i p e l o t h r i x  r h u s i o p a t h i a e  G191.

GROUP 2 .

L i s t e r i a  g r a y i  G2, G3, G42, G47.

L i s t e r i a  m u r r a y i  G44, G45, G46.

GROUP 3.

L i s t e r i a  m on o cy to gen es  G15a, G16a.

L i s t e r i a  s p .  G8.

GROUP 4.

L a c t o b a c i l l u s  a c i d o p h i l u s  G60.

L a c t o b a c i l l u s  h u l g a r i c u s  G64.

L a c t o b a c i l l u s  d e l b r u e c k i i  G68, G81.

L a c t o b a c i l l u s  h e l v e t i c u s  G72.

L a c t o b a c i l l u s  j u g u r t  G73, G74.

L a c t o b a c i l l u s  l a c t i s  G75.

L a c t o b a c i l l u s  s p .  G80.
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TABLE 14, ( continued) ,

GROUP 5 .

L a c t o b a c i l l u s  b r e v i s  G62.

L a c t o b a c i l l u s b u c h n e r i G63.

L a c t o b a c i l l u s c e l l o b i o s u s G67.

L a c t o b a c i l l u s f e rm e ntum G69, G70, G71

L a c t o b a c i l l u s l e i c h m a n n i i G76,

GROUP 6.

L a c t o b a c i l l u s  c a s e i  G65, G66. 

L a c t o b a c i l l u s  p l a n t a r u m  G77. 

L a c t o b a c i l l u s  s a l i v a r i u s  G78, G79. 

E r y s i p e l o t h r i x  r h u s i o p a t h i a e  Gl89.

GROUP 7.

L a c t o b a c i l l u s  m a l i  G142, G143, G144.

GROUP 8.

S t r e p t o c o c c u s  p y o g e n e s  G120. 

S t r e p t o c o c c u s  a g a l a c t i a e  G121, 

S t r e p t o c o c c u s  e q u i  G l22 .  

S t r e p t o c o c c u s  d u r a n s  G124. 

S t r e p t o c o c c u s  s p .  (E) G129.

S t r e p t o c o c c u s  s p ,  (F) G130.

S t r e p t o c o c c u s  s p .  (G) G131.

S t r e p t o c o c c u s  s p ,  (H) G132,

S t r e p t o c o c c u s  s p ,  (K) G1330, G133T,

S t r e p t o c o c c u s  s p .  (N) G136,



9 8TABLE 14. ( con tinu ed ).

GROUP 9.

S t r e p t o c o c c u s  b o v i s  G123.

S t r e p t o c o c c u s  f a e c a l i s  G125,

S t r e p t o c o c c u s  f a e c i u m  G126.

S t r e p t o c o c c u s  l i q u i f a c i e n s  G127.

S t r e p t o c o c c u s  zymogenes G128.

S t r e p t o c o c c u s  s p .  (Q) G134.

S t r e p t o c o c c u s  s p .  G138.

S t r e p t o c o c c u s  e g u i n û s  G140.

GROUP 10.

S t r e p t o c o c c u s  s p .  (M) G135.

S t r e p t o c o c c u s  s p .  (O) G137.

S t r e p t o c o c c u s  u b e r i s  G139.

S t r e p t o c o c c u s  s u i s  G141.

GROUP 11.

S t r e p t o c o c c u s  s u i s  G l9 6 ,  G197, G l98 ,  G199, G200.

GROUP 12.

M i c r o b a c t e r i u m  t h e rm o sp h a c turn G86, G87, G88, G89, G90, 

G91, G92, G93, G94, G95, G96, G97, G98, G99, GlOO, G lO l ,  G l0 2 ,  

G103, G104, G105, G106, G107, G108, G109, G l lO .

GROUP 13.

K u r t h i a  z o p f i i  G l l l ,  G112, G113, G114. G115, G l l 6 ,  G117, 

G118, G119.
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TABLE14. ( con tin u ed ).

GROUP 14.

E r y s i p e l o t h r i x  r h u s i o p a t h i a e  G183, G184, G185, G186, 

G187, G188, G190, G192, G193, G l9 4 ,  G195.

GROUP 15.

G em el la  h a e m o ly s a n s  G82, G83, G84.

N e i s s e r i a  h a e m o ly s a n s  G85.
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was p o s s i b l e  t o  p r o d u c e  a  t a b l e  o f  r e s u l t s  w h ich  d i s t i n g u i s h 

e d  b e tw e e n  t h e  14 c l u s t e r s  f rom  c l u s t e r  I  (TABLE 15 ) •  A 

f u r t h e r  t a b l e  was a l s o  p r o d u c e d  w h ic h  c o n t a i n e d  r e s u l t s  w h ich  

d i s t i n g u i s h e d  b e tw e e n  t h e  f o l l o w i n g ,  l a r g e r  g r o u p s -  l A l ,  IA2 

and IA3 /  IC4 and IC5 /  IB 6 ,  IB? and IB12 /  IB8 and IB 9 /  IBIO 

and IB 11 /  I C I 4 and I C I 5, U n f o r t u n a t e l y  i t  was n o t  p o s s i b l e  

t o  f i n d  d i s c r i m i n a t i n g  c h a r a c t e r s  f o r  e a c h  o f  t h e  m a in  d i v i s 

i o n s  i n  t h e  d e n d ro g ra m ,  b u t  t h e  c h a r a c t e r s  s e t  o u t  i n  TABLES 

15 and 16 may p r o v e  h e l p f u l  i n  i d e n t i f i c a t i o n .

A f u r t h e r  s e t  o f  d a t a  was a l s o  com pared  u s i n g  t h e  p r o g r 

am ITBNCLST, t h e  s t r a i n s  i n c l u d e d  were  t h e  same as  t h o s e  i n  

D endrogram  C ( F i g u r e  4 ) ,  b u t  w i t h  t h e  a d d i t i o n  o f  t h e  f o u r  

s t r a i n s  o f  P r o p i o n i b a c t e r i u m  ( c l u s t e r  IB16)  and t h e  s i x  

s t r a i n s  f rom  c l u s t e r  I I B l ?  ( a  t o t a l  o f  159 OTUs). D endrogram  

D ( F i g u r e  6) and S i m i l a r i t y  M a t r i x  D ( F i g u r e  H  i n  A p p e n d ix  

i n  ) were  p r o d u c e d .

U s in g  t h e  i n t e r -  and i n t r a -  g ro u p  s i m i l a r i t i e s  (TABLE 17 ) 

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

C ( F i g u r e  4 ) ,  i t  was p o s s i b l e  t o  c o n s t r u c t  a  model w i t h  p o l y 

s t y r e n e  b a l l s  and w i r e  t o  i l l u s t r a t e  t h e  r e l a t i o n s h i p s  b e tw e e n  

G roups  1 t o  12 ,  14 and 15 .  Group 13 (K. z o p f i i )  was t o o  d i s 

s i m i l a r  f rom  t h e  r e m a i n i n g  g r o u p s  t o  be i n c l u d e d  t o  any  adv

a n t a g e .  The model  c a n  be s e e n  i n  F i g u r e  7 .

The s i m i l a r i t i e s  were  u s e d  d i r e c t l y  t o  p r o d u c e  t h e  m o de l ,  

b u t  i t  w ould  have b e e n  more a c c u r a t e  t o  c a l c u l a t e  t h e  t a x o n 

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

^ 1—S

where  d i s  t h e  t a x o n o m ic  d i s t a n c e  and S t h e  s i m i l a r i t y .
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TABLE 16. C h a r a c t e r s  w hich  d i s t i n g u i s h  b e tw e e n  L i s t e r i a  

( c l u s t e r s  1 , 2 , 3 ) ,  16 s t r a i n s  o f  L a c t o b a c i l l u s  ( c l u s t e r s  4 . 5 ) , 

t h e  r e m a i n i n g  9 s t r a i n s  o f  L a c t o b a c i l l u s  and M . th e rm o s p h a c tu m  

( c l u s t e r s  6 , 7 , 1 2 ) ,  19 s t r a i n s  o f  S t r e p t o c o c c u s  ( c l u s t e r s  8 , 9 ) , 

t h e  r e m a i n i n g  9 s t r a i n s  o f  S t r e p t o c o c c u s  ( c l u s t e r s  1 0 .1 1 )  and

C h a r a c t e r s
1 , 2 , 3 4 ,5

C l u s t e r s ,  
6 , 7 ,  8 , 9  

12
1 0 ,1 1 1 4 ,1 5

i n h i b i t i o n  by  K, 

t h i o c y a n a t e  2 .5 -4 ,5 %
+ + + + +

l o n g  r o d s  - + 4*
1 8 /3 4 - - -

COCCI 4 5 /4 7 - 3 3 /3 4 + + 1 4 /1 5

b e a d e d  Gram s t a i n  - + + - - -

m o t i l e  3 8 % 7 1 5 /1 6 3 1 /3 4 + 4 /9 -

r e d u c t i o n  o f  0.01% + 9 /1 6
+

3 2 /3 4 + 8 / 9 1 0 /1 5

K. t e l l u r i t e  0.025% + 9 /1 6 2 1 / 3 4 1 8 /1 9 - 1 0 /1 5

i n h i b i t i o n  by  0.01% -  
t é t r a z o l i u m  4 6 /4 7 + + 1 0 /1 9 8 / 9 —

a r g i n i n e  d e a m i n a t i o n  -
(-Og) 4 6 /4 7 1 0 /1 6 - 1 5 /1 9 8 / 9 1 1 /1 5

a e s c u l i n  h y d r o l y s i s  + 1 4 /1 6
+

3 3 /3 4 1 5 /1 9
+

8 / 9 -

p h o s p h a t a s e  a c t i v i t y ^ ^ y ^ . ^ 9 /1 6 + 1 7 /1 9 8 / 9 1 0 /1 5

s a l i c i n  f e r m e n t a t i o n  + 1 3 /1 6 + 1 6 /1 9 6 /9 -

s o r b i t o l  " - 3 1 /3 4 1 3 /1 9 8 / 9 -

No. o f  s t r a i n s  47 16 34 19 9 15

N.B. f r a c t i o n s  i n d i c a t e  p r o p o r t i o n  o f  + / -  r e s u l t s ,  o t h e r w i s e  
a l l  s t r a i n s  r e a c t e d  i n  t h e  same way.



F i g u r e  6 .  D endrogram  D.

(159 OTUs)
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Only t h r e e  s i z e s  o f  p o l y s t y r e n e  h a l l s  were  a v a i l a b l e ,  

and i t  w as ,  t h e r e f o r e ,  n e c e s s a r y  t o  impose a r b i t r a r y  d i v i s 

i o n s  u p o n  t h e  i n t r a - g r o u p  s i m i l a r i t i e s  t o  p r o d u c e  t h r e e  ’’s i z e ” 

c a t e g o r i e s ,  b u t  t h i s  was g r e a t l y  f a c i l i t a t e d  by t h e  f a c t  t h a t  

t h e r e  were t h r e e  n a t u r a l l y  o c c u r r i n g  " s i z e "  g r o u p s .  The t h r e e  

g r o u p s ,  e x p r e s s e d  a s : -

(1 -  i n t r a - g r o u p  s i m i l a r i t y )  x  100 ,  

a r e  a s  f o l l o w s ; -

5 . 6  -  8 . 5  g ro u p s  1 ,  2 ,  7,  11 ,  12 ,  14,  15.

1 0 .7  -  1 2 .1  g ro u p s  3,  9.

1 5 .9  -  1 9 .8  g ro u p s  4 ,  5 ,  6 ,  8 ,  10.

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

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

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

Group 1 ( L i s t e r i a  m o n o c v to e e n e s ) . g rou p  2 (L. g r a v i , and 

L. m u r r a v i )  and g rou p  3 (G8, G l5 a  and G16a) a r e  a l l  shown i n  

b l a c k  i n  t h e  model  and form a t i g h t  c l u s t e r .  The f o u r  g r o u p s  

o f  L a c t o b a c i l l u s  ( 4 ,  5 , 6 and 7) a re  a l l  shown i n  g r e e n ,  and 

fo rm  a n o t h e r  t i g h t  c l u s t e r .  The s t r e p t o c o c c i  ( g r o u p s  8 ,  9 ,

10 and 1 1 ) ,  shown i n  r e d ,  t o g e t h e r  w i t h  E r y s i p e l o t h r i x  ( g ro u p  

14) which  i s  y e l l o w ,  and G e m e l la  (g ro u p  15) i n  o r a n g e ,  fo rm  a 

t h i r d  c l u s t e r .  These  t h r e e  c l u s t e r s  a r e  a l l  a p p r o x i m a t e l y  t h e  

same ta x o n o m ic  d i s t a n c e  f rom  t h e  f i n a l  g ro u p  ( 1 2 ) ,  which  c o n 

t a i n s  t h e  s t r a i n s  o f  M. th e rm o sp h a c tu m  and i s  shown i n  b l u e .  

T h i s ,  M. t h e r m o s p h a c t u m , c l u s t e r  l i e s  i n  a c e n t r a l  p o s i t i o n  

i n  t h e  m o d e l ,  and a p p e a r s  t o  be a l i n k  b e tw e e n  t h e  t h r e e  m a in  

c l u s t e r s  d e t a i l e d  ab o ve .
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R e p r o d u c i b i l i t y .

The r e p r o d u c i b i l i t y  o f  r e s u l t s  i n  n u m e r i c a l  t ax o n om ic  

s t u d i e s  h a s  r e c e i v e d  i n c r e a s i n g  a t t e n t i o n  i n  r e c e n t  y e a r s .

The e f f e c t  o f  e r r o r s  i n  m i c r o b i o l o g i c a l  t e s t s ,  on  n u m e r i c a l  

t ax on o m ic  s i m i l a r i t i e s ,  h a s  b e e n  d i s c u s s e d  by S n e a t h  and

Jo h n so n  ( 1 9 7 2 ) .  B ecause  o f  t h i s  i n c r e a s i n g  i n t e r e s t  i n  r e p 

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

p r e s e n t  s t u d y  on  a p r o p o r t i o n  o f  t h e  s t r a i n s .  S i n c e  46 s t r a i n

ns  had  a l r e a d y  b e e n  t e s t e d  a t  b o t h  3 0 and 35^C ( f o r  r e a s o n s  

d i s c u s s e d  e a r l i e r )  i t  was d e c i d e d  t o  t a k e  43 o f  t h e s e  s t r a i n s ,  

t o  s p l i t  5 o f  them and t r e a t  them as s e p a r a t e  s t r a i n s ,  and t o  

r e p e a t  t h e  t e s t s  on them a t  35®C.

The v a r i a t i o n  b e tw e e n  t h e  t h r e e  s e t s  o f  r e s u l t s  was c a l c 

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

was i n v e s t i g a t e d  by c o m p a r in g  th e  s e t s  o f  r e s u l t s  o b t a i n e d  

s i m u l t a n e o u s l y  a t  30®C and 35®C, th e  a v e r a g e  e r r o r  was 11.06%. 

I n  t h i s  i n s t a n c e  th e  t e s t s  were i n o c u l a t e d  and r e a d  s i m u l t a n 

e o u s l y ,  and th e  same b a t c h e s  o f  m ed ia  u s e d .  The e r r o r  i s ,  

t h e r e f o r e ,  a t t r i b u t a b l e  t o  t h e  e f f e c t  o f  t h e  t e m p e r a t u r e  o f  

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

th e  r e s u l t s  and any i n t r i n s i c  v a r i a b i l i t y  o f  t h e  i n d i v i d u a l  

s t r a i n s .  The two s e t s  o f  d a t a ,  o b t a i n e d  f ro m  t e s t s  p e r f o r m e d  

a t  35®C, b u t  on d i f f e r e n t  o c c a Z s i o n s , u s i n g  d i f f e r e n t  b a t c h e s  

o f  m ed ia ,  showed an a v e r a g e  e r r o r  o f  15.74%. The f i v e  p a i r s  

o f  s p l i t  s t r a i n s  were fo un d  t o  show b e tw e e n  88.5% S and 92.7%

S t o  t h e i r  r e s p e c t i v e  p a r t n e r s  ( s e e  TABLE 1 8 ) ,  g i v i n g  an a v e 

r a g e  r e p r o d u c i b i l i t y  o f  92.7%, o r  an a v e r a g e  e r r o r  o f  7.3%.

The v a r i a t i o n  o b s e r v e d  i s  g r e a t e r  t h a n  th e  3.42% r e p o r t e d
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TABLE 18.  S i m i l a r i t i e s  o b s e r v e d  b e tw ee n  d u p l i c a t e  c u l t u r e s  

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

C o l l e c t i o n  S t r a i n .  P e r c e n t a g e

No. s i m i l a r i t y .

G 30 L. m o nocy togenes  9 2 .7

G 45 L. m u r r a y i  9 6 .2

G 65 L a c t o b a c i l l u s  c a s e i  9 0 .0

G 120 S.  p y o g e n e s  8 8 .5

G 190 E. r h u s i o p a t h i a e  9 5 .1

by S n e a th  and Jo h n so n  ( 1 9 7 2 ) ,  o r  t h e  v a lu e  o f  6.9% o b s e r v e d  

by L a p a g e , Bascomb, W i l l c o x  and C u r t i s  ( 1 9 7 0 ) .  I t  i s  c l e a r  

t h a t  among t h e  p r e s e n t  t e s t s  some were v e r y  good ,  w h i l e  o t h 

e r s  were  b a d ,  and showed a v e r y  low  l e v e l  o f  r e p r o d u c i b i l i t y .

Good t e s t s  i n c l u d e d  t h e  m o d i f i e d  "0" and "F" t e s t ;  t h e  

h y d r o l y s i s  o f  x a n t h i n e ,  t y r o s i n e .  Tween 80 and OLfisculin; t h e  

p r o d u c t i o n  o f  i n d o l e ;  s u l p h a t a s e  and o x i d a s e  a c t i v i t y ;  g ro w th  

u n d e r  an a tm o sp h e re  o f  h y d r o g e n ;  r e d u c t i o n  o f  n i t r a t e ;  i n h i b 

i t i o n  by  c h l o r a m p h e n i c o l ,  c h l o r t e t r a c y c l i n e . e r y t h r o m y c i n ,  

o l e a n d o m u c in ,  o x y t e t r a c y c l i n e , p e n i c i l l i n  and t e t r a c y c l i n e ;  

g ro w th  a t  t h e  more i n t e r m e d i a t e  t e m p e r a t u r e s  ( lO^C, 20^C, 30°C
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and 35®C). Bad t e s t s  i n c l u d e d  g ro w th  a t  t h e  more e x t r e m e  

t e m p e r a t u r e s  (5®C, 45^C and 50®C). g ro w th  i n  t h e  p r e s e n c e  o f  

sod ium  c h l o r i d e  (6.5%w/v and 10%w/v) and n i t r i t e ;  i n h i b i t i o n  

by p o t a s s i u m  t h i o c y a n a t e ;  t h e  p r o d u c t i o n  o f  ammonia f rom  

p e p t o n e ;  h y d r o g e n  s u l p h i d e  p r o d u c t i o n  and many o f  t h e  morph

o l o g i c a l  c h a r a c t e r s  ( e . g . ,  w a t e r y  o r  b u t y r o u s  c o n s i s t e n c y ,  

low con v ex ,  s m o o th / r o u g h  c o l o n i e s ,  th e  p r e s e n c e  o f  c o c c i ,  

c o c c o b a c i l l i  o r  s h o r t  r o d s ) .

The r e p r o d u c i b i l i t y  o f  t h e  32 m o r p h o l o g i c a l  c h a r a c t e r s  

was compared w i t h  t h a t  f o r  t h e  r e m a i n i n g  t e s t ,  and a l l  o f  t h e  

t e s t s ,  f o r  t h e  two s e t s  o f  c o m p a r i s o n s  ( s e e  TABLE 1 9 ) .

TABLE 19. C om par iso n  o f  t h e  p e r c e n t a g e  e r r o r  o b s e r v e d  f o r  

t h e  m o r p h o l o g i c a l  t e s t s ,  t h e  r e m a i n i n g  t e s t s  and a l l  t e s t s .

C om p ar i so n .

PERCENTAGE ERROR 

M o r p h o l o g i c a l  R e m a in in g  T o t a l

c h a r a c t e r s ,  c h a r a c t e r s ,  c h a r a c t e r s .

30°C /  35°C 

( s i m u l t a n e o u s ,  same 

b a t c h e s  o f  m e d i a . )

1 5 .8 9 .6 1 1 .0

35*C /  35°C 

( d i f f e r e n t  t i m e s  and 

d i f f e r e n t  b a t c h e s  o f  

m ed ia .  )

1 8 .0 1 5 .0 1 5 .7
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The m o r p h o l o g i c a l  c h a r a c t e r s  a r e ,  i n  g e n e r a l ,  more s u b j e c t i v e  

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

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

r l y ,  no n u m e r i c a l  tax o n o m ic  s u r v e y  s h o u l d  be t o o  h e a v i l y  

w e i g h te d  t o w a rd s  m o r p h o l o g i c a l  c h a r a c t e r i s t i c s .  A n o t h e r  

s o u r c e  o f  e r r o r  i s  e v a p o r a t i o n  f rom  l i q u i d  m ed ia  and th e  

r e s u l t a n t  i n c r e a s e  i n  c o n c e n t r a t i o n  o f  any i n h i b i t o r y  s u b s t 

a n c e s .  T h i s ,  a t  l e a s t  i n  p a r t ,  a c c o u n t s  f o r  t h e  p o o r  r e p r o d 

u c i b i l i t y  o b s e r v e d  f o r  g row th  on  t h e  p r e s e n c e  o f  6.5%w/v and 

10%w/v sod iu m  c h l o r i d e ,  and o t h e r  w o r k e r s  h ave  commented upon  

t h e  u n r e l i a b i l i t y  o f  t h e s e  two t e s t s .  The p r o b le m s  i n v o l v e d  

i n  t h e  a s s e s s m e n t  o f  g row th  a t  v a r i o u s  t e m p e r a t u r e s  a re  obv

i o u s ;  n e a r  t h e  o p t im u n  f o r  a p a r t i c u l a r  s t r a i n  f l u c t u a t i o n s  

w i l l  have  a m in im al  e f f e c t  upon  t h e  g row th  r a t e ,  b u t  n e a r e r  

th e  e x t r e m e s  a f l u c t u a t i o n  o f  l^C c o u ld  e a s i l y  a l t e r  th e  

r e s u l t .  L i s t e r i a , f o r  e x a m p le , h a s  a l i m i t  o f  g ro w th  a t  

a p p r o x i m a t e l y  45®C, some w o r k e r s  have  r e p o r t e d  g ro w th ,  o t h e r s  

no g row th  a t  t h i s  t e m p e r a t u r e .

The r a n g e  o f  p e r c e n t a g e  e r r o r s  o b t a i n e d  i n  t h e  two com

p a r i s o n s  c a n  be s e e n  i n  F i g u r e s  8 and 9 .  Over  h a l f  o f  t h e  

t e s t s  i n  t h e  30®C /  35^C c o m p a r i s o n  e x h i b i t e d  e r r o r s  o f  l e s s  

t h a n  8.7%. 49 o f  t h e s e  were u n d e r  4.4%, and 26 showed 100% 

r e p r o d u c i b i l i t y .  F o r  t h e  two s e t s  o f  r e s u l t s  a t  30^C, 70 o f  

t h e  143 t e s t s  h ad  e r r o r s  o f  9.3% o r  l e s s ,  o f  t h e s e  49 were 

l e s s  t h a n  4.7%, and 18 t e s t s  showed c o m p le te  r e p r o d u c i b i l i t y .  

The r a t h e r  h i g h  ' o v e r  a l l *  l e v e l  o f  e r r o r ,  t h e r e f o r e ,  i s  

c l e a r l y  due t o  t h e  bad  t e s t s ,  a few o f  which  showed as  much 

as  a 50% e r r o r .

C l e a r l y  t h e r e  a r e  good and bad  t e s t s  w i t h  r e g a r d  t o
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e r r o r ,  t h e  c o n c e r n  o v e r  t h e  r e p r o d u c i b i l i t y  o f  r e s u l t s  i n  

n u m e r i c a l  taxonomy i s  w e l l  f o u n d e d ,  and c o n s i d e r a t i o n  s h o u l d  

be g i v e n  t o  su c h  e r r o r  l e v e l s .  The i m p o r t a n c e  o f  p e r f o r m i n g  

a l l  o f  t h e  t e s t s  f o r  a s i n g l e  c h a r a c t e r  a t  t h e  same t i m e ,  

u s i n g  t h e  same b a t c h  o f  mediuir i j in  o r d e r  t o  m in im iz e  t h e  e r r o r  

as  much as  p o s s i b l e ,  i s  c l e a r l y  r e i n f o r c e d .

I I .  S e r o l o g i c a l  R e s u l t s .

The hom ologous  t i t r e s  o f  t h e  p r e p a r e d  a n t i s e r a  were  o b t 

a i n e d  by t u b e  a g g l u t i n a t i o n  as  d e s c r i b e d  i n  t h e  s e r o l o g i c a l  

m ethods  s e c t i o n  and a r e  shown i n  TABLE 20.

a) S o m a t ic  (O) A n t i s e r a .

The s o m a t i c  a n t i s e r a ,  b o t h  p r e p a r e d  and p u r c h a s e d ,  were 

t e s t e d  a g a i n s t  HCl e x t r a c t s  o f  a l l  t h e  s t r a i n s  l i s t e d  i n  TABLE 

10 i n  t h e  m ethods  s e c t i o n .  U n f o r t u n a t e l y ,  s e v e r a l  HCl e x t r 

a c t s  o f  S t r e p t o c o c c u s  f a e c i u m  (g ro u p  D j , S t r e p t o c o c c u s  s p .  

( g ro u p  K) and S t r e p t o c o c c u s  s p .  (g ro u p  Q) r e a c t e d  w e a k ly ,  o r  

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

s e r o l o g i c a l  g r o u p s .  I t  was fo un d  t h a t  HCl e x t r a c t s  o f  S. 

f a e c a l i s  d i d  r e a c t  w e l l  w i t h  t h e  g ro u p  D a n t i s e r u m ,  and t h i s  

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

t h e  g ro u p  K and g roup  Q a n t i s e r a  and g roup  K HCl e x t r a c t s  were  

n o t  p e r f o r m e d .  The o t h e r  s t r e p t o c o c c a l  a n t i s e r a  were s p e c i f i c  

and i n  m ost  c a s e s  o n l y  r e a c t e d  w i t h  t h e  hom ologous  HCl e x t r a c t ,  

and t h a t  o f  C o r v n e b a c t e r i u m  p o i n s e t t i a e  (w h ich  r e a c t e d  w i t h  

a l l  t h e  a n t i s e r a ) . The r e s u l t s  f o r  t h e  s t r e p t o c o c c i  a r e  

sum m ar ised  i n  TABLE 21 b e lo w .
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TABLE 20. Homologous t i t r e s  of  the prepared a n t is er a

S t r a i n B a c t e r i u m A n t ib o d y T i t r e
No. ty p e

G 32 L i s t e r i a  m o n ocy togenes  ty p e  l a *0* ^T ,02 4

ti II n M U »H* 256

G 22 M M H 2 •0* 1 ,0 24

II II M M M •H* 1 , 0 24

G 29 M " " 3a *0* > 1 , 0 2 4

M n M M M *H* 512

G 30 II II M *0* > 1 , 0 2 4
n n II M M 'H* > 1 , 0 2 4

G 42 n g r a y i •0» *

C II n II *H* 32 ,7 6 8

G 44 n m u r r a y i *0* 1 , 0 24

G 43 n d é n i t r i f i e a n s *0* 512

G 64 L a c t o b a c i l l u s  b u l g a r i c u s *0» 1 .0 24

G 65 II c a s e i *0' > 1 . 0 2 4

G 82 G e m e l la  h a e m o ly s a n s •0* > 1 , 0 2 4

G 104 M i c r o b a c t e r i u m  t h e rm o sp h a c turn *0* 256

G 158 C o r y n e b a c t e r i u m  p o i n s e t t i a e •0* *

G 168 K u r t h i a z o p f i i *0* 1 ,0 2 4

G 190 E r y s i p e l o t h r i x ' 0 ' > 1 , 0 2 4

A n t i s e r a  a g a i n s t  t h e s e  b a c t e r i a  were n o t  o b t a i n e d  u n t i l  

l a t e  i n  t h e  i n o c u l a t i o n  p r o g r a m  when t h e  r i n g  p r e c i p i 

t i n  t e s t  was u s e d  f o r  t e s t i n g ,  i n t e n s e  l i n e s  were  

p r o d u c e d ,  how ev er ,  w i t h i n  10 m i n u t e s .



TABLE 21. R e s u l t s  o f  t h e  r i n g  p r e o i p i t i n  t e s t s  w i t h  t h e  

S t r e p t o c o c c u s  a n t i s e r a .  (Only  p o s i t i v e  r e s u l t s  a r e  g i v e n ) .

114

ANTISERUM AGAINST:- ANTIGEN:-

; No. B a c t e r i u m S e r o l o g i c a l G No. R e a c t i o n C. p o i n
gro up s e t t i a e

120 S.  p y o g e n e s A 120 +++1 "^3
121 S. a g a l a c t i a e B 121 +++1 ■̂ 3

TS I I +2
122 S. e q u i C 122 +++1 ■̂ 2
125 S .  f a e c a l i s D 125 +++1 + 1
129 S t r e p t o c o c c u s  s p . E 129 +++1 + 2
130 S t r e p t o c o c c u s  s p . F 130 +++1 ++2
131 S t r e p t o c o c c u s  s p . G 131 +++1 + 3
132 S t r e p t o c o c c u s  s p . H 132 +++1 +++2

48 S t r e p t o c o c c u s  s p . L 48 +++1 ++2
42 + 2
44 + 1
64 + 1

104 ■̂ 2
168 ++2

135 S t r e p t o c o c c u s  s p . M 135 +++ 2^ ■̂ ■̂ 3
136 S.  l a c t i s N 136 +++1 ++3
137 S t r e p t o c o c c u s  s p . 0 137 +++1 +"^3

49 S t r e p t o c o c c u s  s p . P 49 +++1 ++3
50 S t r e p t o c o c c u s  s p . R 50 +++1 +""3
51 S t r e p t o c o c c u s  s p . S 51 +++1 ■̂ ■̂ 3

See f o l l o w i n g  p age  f o r  d e f i n i t i o n  o f  t h e  s y m b o l s .
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TABLE 21. (con tin u ed ).

+ weak f u z z y  l i n e .

++ f a i r l y  d i s t i n c t  l i n e .

+++ v e r y  i n t e n s e  l i n e .

1 r e s u l t  a f t e r  10 m i n u t e s .

2 " " 3 0  m i n u t e s .

3 " " 6 0  m i n u t e s .

The r e s u l t s  o f  t h e  r i n g  p r e c i p i t i n  t e s t s  i n  w hich  th e  

p r e p a r e d  a n t i s e r a  were t e s t e d  a g a i n s t  t h e  HCl e x t r a c t s  a re  

shown i n  TABLE 22.

Two o f  th e  L i s t e r i a  m o n o cy to g en e s  *0* a n t i s e r a  ( s e r o l o 

g i c a l  t y p e s  2 and 4a) were n o n - s p e c i f i c ,  and r e a c t e d  w i t h  t h e  

m a j o r i t y  o f  t h e  HCl e x t r a c t s ,  and s i m i l a r l y ,  t h e  L . g r a y i  * O' 

a n t i s e r u m  was n o n - s p e c i f i c ,  and i t  r e a c t e d  w i t h  a l l  o f  th e  

HCl e x t r a c t s  w i t h  which  i t  was t e s t e d .  The o t h e r  a n t e r a  were  

more s p e c i f i c .  The 'O '  a n t i s e r a  a g a i n s t  L. m u r r a y i  and K. 

z o p f i i  r e a c t e d  w i t h  o n l y  t h e i r  hom ologous  HCl e x t r a c t s  and 

t h a t  o f  C o r y n e b a c t e r i u m  p o i n s e t t i a e . The 'O '  a n t i s e r u m  a g a i n 

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

t h e  homologous HCl e x t r a c t .  O t h e r  a n t i s e r a  r e a c t e d  w i t h  t h e i r  

homologous e x t r a c t s ,  t h a t  o f  C. p o i n s e t t i a e  and a f u r t h e r  one 

t o  f i v e  e x t r a c t s .

A l l  p o s i t i v e  r e a c t i o n s  i n  t h e  r i n g  p r e c i p i t i n  t e s t  were 

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

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

i t a t i o n  w i t h  t h e i r  homologous HCl e x t r a c t s .  I n  a l l  b u t  t h r e e



TABLE 22 . R e s u l t s  o f  the r i n g  p r e c i p i t i n  t e s t  w ith  prepared  a n t i s e r a  and a l l  HCl e x t r a c t s .  

ANTIGENS. ANTI8EBA (G numbers o f  the b a c t e r i a  u s e d ) ,

G No • B acterium . 32 22 29 30 44 43 42 64 65 82 104 158 168 190

32 L. m onocytogenes l a +++1 +++2 +++2 - - ++2 - - - — — - -

22 L. m onocytogenes 2 +++1 +++1 ++2 ++1 - - ++2 - - - — — - -

29 L. m onocytogenes 3a ++2 +++1 +++1 ++1 - - ++2 - - - — — - -

30 L. m onocytogenes 4a - +++2 - +++2 - - ++2 - - - — — +++1 -

44 L. murrayi - +++1 - +++2 +++1 +++2 +++2 - - - — — - -

43 L. d e n i t r i f i c a n s - +++2 - +++2 - +++2 ++2 - - - — — - -

1 L. d e n i t r i f i c a n s - +++2

42 L. g ra y i - +++1 - +++2 - - +++2 - - - — — ■ - -

64

65

L a c t o b a c i l lu s
b u lg a r ic u s

L a c t o b a c i l l u s  c a s e i

- +++2

+++1
■̂ 2 +++2

+++2

- - ++2

++2

+++2 ++3

+++1

-

:  : ;

-

82 G. haem olysans - - - - - - ++2 - - +++1 — « - -

104 M. thermosphactum - +++1 - +++2 - - ++2 - - - +++3 - - -

158 C. p o i n s e t t i a e +++1 +++1 +++1 +++1 +++1 +++ j +++1 +++1 +++1 ++1 +++ +++ +++1 +++1

168 K. z o p f i i +++3 +++3 ++2 +2 — — +++1

190 E. r h u s io p a t h ia e - +++2 - +++2 +++1

120 S. p yogenes (A) - ++2 - +++2 - - - - - - - -

121 S. a g a la c t i a e  (B) - +++2 - +++2 - - - - - — - - -

122 S. equ i (C) - +++3 - - - - - - — — - -

125 S. f a e c a l i s  (D) - +++3 - - - - - - - - - -

129 S tr e p to c o c c u s  sp . (E ) - +++1 - + 1 - - - - - — — - -

130 ” (F) - ++3 - +1 - - « - - - -  - - -

131 " " (G) - +2 +++2 - - 1i - - - - - -

132 « (H) - +++1 - +++2 - - T - - - -  ' - - -

48 " (L) - +++2 - +++2 - - - - - - - -

135 " (M) - +++2 - +++3 - - - - +1 + 3 - - -

136 !• " (N) - +++2 +++2 - - - - - — — - -

137 " (0) - +++1 - ++1 - - - - - - -

49 " (P) - +++3 - + 1 - +2 ■̂ 2 - - — — - +2

134 " (Q) - +++J - ++1 - - - - - — - - -

50 " (R) - +++2- +++2 - - 9 - - - — — - -

51 " (S) - +++2 - +++2 - - - - - - - -

TS I - +++3 - ++2 - - - - - — — - -

TS II - +++1 - +++2 - - - ' - - — — - -
TS III - +++1 - +++2 - - - - - — — - -

SYMBOLS as i n  TABLE 21, n ot  t e s t e d .
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i n s t a n c e s  o n l y  a s i n g l e  l i n e  was p r o d u c e d ,  b u t  two o r  t h r e e  

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

a g a i n s t  s e r o l o g i c a l  g r o u p s  F, M.and N ( s e e  F i g u r e  10 b e l o w ) .
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F i g u r e  10. R e s u l t s  o f  t h e  d o u b le  g e l  d i f f u s i o n  t e s t s  w i t h  

s t r e p t o c o c c a l  a n t i s e r a  a g a i n s t  s e r o l o g i c a l  g r o u p s  B, F,  M 

and N.

Tsn, G I58

T s n

S t r e p t o c o c c u s  s p .  B (G121)
G121o

D -  O'
O

sO O
Os

S t r e p t o c o c c u s  s p .  H (G132)
GI32

s O 
0 ^ 0o

sO o<
O 's

GI58

S t r e p t o c o c c u s  s p .  F (G130)

G130o
b  —  o
. O q  O .

s
S t r e p t o c o c c u s  s p .  N (G136)

G 136. o
0 ^ 0o

sO oos

GI58

G I58 C. poinsettiae S s a l i n e  c o n t r o l

The d o u b le  g e l  d i f f u s i o n  r e s u l t s  f o r  t h e  p r e p a r e d  * O' 

a n t i s e r a  a r e  shown i n  TABLE 23.



TABLE 23.  R e s u l t s  o f  th e  d o u b le  g e l  d i f f u s i o n  t e s t  f o r  t h e  

p r e p a r e d  a n t i s e r a .
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ANTISERA.

G No. B a c t e r i u m

R in g  P r e c i p i t i n  
T e s t  P o s i t i v e  

G No. B a c t e r i u m

Double  Gel 
D i f f u s i o n  

R e s u l t .

32 L. m o no cy to genes  l a homologous 3 l i n e s

29 L. m on o cy tog en es  3a

22 L. m o n o cy tog en es  2

22 L .m o n o c y to g e n e s  2 j 3  l i n e s  as
(homologous

29 L .m o n o c y to g e n e s  3a -

158 G . p o i n s e t t i a e

hom ologous  1 l i n e

22 L .m o n o c y to g e n e s  2 -

32 L . m on o cy to g en es  l a  -

64 L . b u l g a r i c u s  -

158 C . p o i n s e t t i a e  -

TS I I I

hom ologous  1 l i n e

32 L .m o n o c y to g e n e s  l a  j l  l i n e  as  G22
/+ 1 f a i n t  l i n e

(2 9 ,  30. 42 ,  43 ,  44 ,  64,N
a l l  gave 1 

> f a i n t  l i n e

•)

30 L.  m o n o cy to g en es  4a

65 ,  104, 190,  125,  129,
130, 131, 48 ,  135,  136,
137, 134, 50,  51, T S i i . J a s  G32. 
TS I I I )

(1 5 8 ,  168, 120, 121,
122, 49 ,  TS I )

hom ologous  

( s e e  TABLE 22)



ANTISERA 

G No. B a c t e r i u m

44 L . m u r r a y i  

43 L. d e n i t r i f i c a n s

64 L a c t o b a c i l l u s
b u l g a r i c u s

65 L a c t o b a c i l l u s
c a s e i

82 G e m el la
h a e m o ly s a n s

104 M i c r o b a c t e r i u m
th e rm osp h ac tu rn

158 C o r y n e b a c t e r i u m  
p o i n s e t t i a e

Double  Gel 
D i f f u s i o n  

R e s u l t s .

1 f a i n t  l i n e

table 23. (con tin u ed ).

R in g  P r e c i p i t i n  
T e s t  P o s i t i v e  

G No. B a c t e r i u m

hom ologous  

158 C. p o i n s e t t i a e

hom ologous  

44 L . m u r r a y i  -

135 S t r e p t o c o c c u s  sp . (M )  -

158 C. p o i n s e t t i a e  -

hom ologous  1 l i n e

49 S t r e p t o c o c c u s  s p . ( P )  -

158 C. p o i n s e t t i a e  -

hom ologous  3 l i n e s

64 L . _ b u l g a r i c u s  .* 1 1  s h a r e  1

132 S t r e p t o c o c c u s  s p . ( H ) [ f a i n t  l i n e  

158 C. p o i n s e t t i a e

168 K. z o p f i i

119

w i t h  G 65.

hom ologous  

135 S t r e p t o c o c c u s  sp . (M )  

158 C. p o i n s e t t i a e

hom ologous  

135 S t r e p t o c o c c u s  sp . (M )  

158 C. p o i n s e t t i a e

homologous

1 l i n e



TABLE 23. (con tin u ed ).
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ANTISERA 

G No. B a c t e r i u m

R in g  P r e c i p i t i n  
T e s t  P o s i t i v e  

G No. B a c t e r i u m

Double  Gel 
D i f f u s i o n  

R e s u l t s .

168 K u r t h i a  z o p f i i homologous

30 L. m ono cy to gen es  
4a

158 C. p o i n s e t t i a e

190 E r y s i p e l o t h r i x
r h u s i o p a t h i a e

hom ologous

49 S t r e p t o c o c c u s  s p . ( P )  

158 C. p o i n s e t t i a e

1 f a i n t  l i n e

as  hom ologous  
+ 1 s t r o n g  
l i n e

as  hom ologous  
+ 1 f a i n t  
l i n e

1 s t r o n g  l i n e

no v i s i b l e  r e a c t i o n  was o b s e r v e d .

See F i g u r e l l f o r  i l l u s t r a t i o n s  o f  t h o s e  a n t i s e r a  w h ich  r e a c t e d  

w i t h  o t h e r  a n t i g e n s  a s  w e l l  a s  t h e  h o m ologous .
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The d o u b le  g e l  d i f f u s i o n  r e s u l t s  f o r  t h o s e  p r e p a r e d  *0* 

a n t i s e r a  w h ich  r e a c t e d  w i t h  o t h e r  HCl e x t r a c t s  a s  w e l l  a s  t h e  

hom o lo go u s ,  a r e  i l l u s t r a t e d  i n  F i g u r e  11; t h e  c o m p le t e  s e t  o f  

r e s u l t s  f o r  t h e  n o n - s p e c i f i c  a n t i s e r u m  a g a i n s t  L. m onocy tog

e n e s  s e r o t y p e  2 (G 22) a r e  n o t  i l l u s t r a t e d ,  b u t  t h e  l i n e s  

p r o d u c e d  w i t h  HCl e x t r a c t s  o t h e r  t h a n  t h e  hom ologous were a l l  

shown t o  be i d e n t i c a l  t o  t h e  f a i n t e r  o u t e r  l i n e  p r o d u c e d  a g a i 

n s t  L. m o no cy to genes  s e r o t y p e  l a  (G 3 2 ) .  T h i s  l a t t e r  o r g a n 

ism  a l s o  p r o d u c e d  a more i n t e n s e  l i n e ,  c l o s e r  t o  t h e  c e n t r a l  

w e l l ,  i d e n t i c a l  t o  t h e  l i n e  p r o d u c e d  w i t h  t h e  hom ologous  HCl 

e x t r a c t  ( s e e  F i g u r e  l l ) .

The a n t i s e r u m  a g a i n s t  G22 ( d i l u t e d  by  h a l f  i n  s a l i n e )  

was a b s o r b e d  w i t h  L.  m u r r a y i  *0* a n t i g e n s  and r e t e s t e d  by 

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

t h e  HCl e x t r a c t s  w i t h  which  i t  h a d  p r e v i o u s l y  shown a r e a c t i o n .  

I n  t h e  r i n g  p r e c i p i t i n  t e s t  o n l y  t h e  r e a c t i o n s  w i t h  t h e  hom ol

ogous HCl e x t r a c t ,  t h a t  o f  L. m o n ocy to genes  G32 ( l a )  and t h a t  

o f  C. p o i n s e t t i a e  r e m a in e d .  L i n e s  were no l o n g e r  o b s e r v e d  by 

d o u b le  g e l  d i f f u s i o n  a g a i n s t  any o f  th e  HCl e x t r a c t s ,  e v e n  t h e  

hom ologous  e x t r a c t .  The f a c t  t h a t  t h e  n o n - s p e c i f i c  r e a c t i o n  

w i t h  C. p o i n s e t t i a e  s t i l l  r e m a in e d  when t h e  o t h e r  n o n - s p e c i f 

i c  r e a c t i o n s  h ad  b e e n  removed by  a b s o r p t i o n ,  i n d i c a t e d  t h a t  

th e  s u b s t a n c e ( s )  r e s p o n s i b l e  f o r  t h i s  r e a c t i o n  was d i s t i n c t  

from  t h e  s u b s t a n c e ( s )  i n v o l v e d  i n  t h e  n o n - s p e c i f i c  r e a c t i o n s  

b e tw e e n  t h e  G 22 a n t i s e r u m  and t h e  o t h e r  HCl e x t r a c t s .  By 

d o u b le  g e l  d i f f u s i o n  G3^ s e r o t y p e  l a ,  had  p r e v i o u s l y  p r o d u c e d  

two l i n e s  w i t h  t h e  G 22 a n t i s e r u m ,  one o f  t h e s e  was i d e n t i c a l  

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

p o i n s e t t i a e  HCl e x t r a c t ,  and t h e  o t h e r  was i d e n t i c a l  t o  t h e
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F i g u r e  11. R e s u l t s  o f  t h e  d o u b le  g e l  d i f f u s i o n  t e s t s  i n  

which  t h e  p r e p a r e d  a n t i s e r a  r e a c t e d  w i t h  o t h e r  a n t i g e n s  as  

w p l !  a s  t h e  hom ologous .

L. m o n ocy to g en es  l a  (G32) . L, m o n ocy to g en es  2 (G22)
G32 G22

" ° ( o f
; 0  O g 2 9  G42O  '  O q |32o o

G32 G22

K.  z o p f i i  (G168)

GI68

Sq  ^  ^ G 3 0

G22

s O  O o , «o
G 168

L a c t o b a c i l l u s  c a s e i  (G65)
G 65 G 64

<D _  0>o —-O o oG 1 6 8 ^  Q  ^ G I 5 8  G I 5 8 ^  q  ^ G I 5 8

G65 S

G 29 L. m o n o cy tog en es  3a G 64 L a c t o b a c i l l u s  b u l g a r i c u s

G 42 L . g r a y i  G132 S t r e p t o c o c c u s  s p .  g ro u p  H

G158 C. p o i n s e t t i a e  8 s a l i n e  c o n t r o l
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l i n e  p r o d u c e d  by t h e  hom ologous  r e a c t i o n .  The r e a c t i o n  i n  

t h e  r i n g  p r e c i p i t i n  t e s t  w i t h  t h e  a b s o r b e d  G 22 a n t i s e r a  and 

t h e  G 32 a n t i g e n s  c a n  be assumed t o  be due t o  t h e  s p e c i f i c  

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

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

o f  t h e  two s t r a i n s ,  which  have  t h r e e  d i s t i n c t  a n t i g e n s  i n  com

mon ( s e e  TABLE 3 4 ,  page  147).

The r e a c t i o n  o f  G 32 a n t i s e r a  w i t h  t h e  hom ologous  HCl 

e x t r a c t  and t h a t  o f  G 22 p r o d u c e d  t h r e e  i d e n t i c a l  l i n e s  w i t h  

e a c h  e x t r a c t  ( s e e  F i g u r e  l l ) ,  and t h e s e  p r o b a b l y  c o r r e s p o n d  

t o  t h e i r  t h r e e  s h a r e d  *0* a n t i g e n s  ( s e e  TABLE 34).

The a n t i s e r u m  a g a i n s t  L. m o n o cy tog en es  s e r o t y p e  3a (G29) 

r e a c t e d  w i t h  t h e  s e r o t y p e s  l a  and 2 by t h e  r i n g  p r e c i p i t i n  

t e s t ,  b u t  f a i l e d  t o  p r o d u c e  a l i n e  w i t h  any HCl e x t r a c t s , o t h e r  

t h a n  t h e  homologous,  by  t h e  d o u b le  g e l  d i f f u s i o n  t e s t .  The 

r e a c t i o n s  w i t h  s e r o t y p e s  l a  and 2 may have  b e e n  a t t r i b u t a b l e  

t o  one o f  t h e  *0* a n t i g e n s  w hich  t h e s e  b a c t e r i a  have  i n  comm

on,  b u t  b e c a u s e  o f  t h e  l a c k  o f  r e a c t i o n  i n  t h e  d o u b le  g e l  d i f 

u s i o n  t e s t  i t  was n o t  p o s s i b l e  t o  i n v e s t i g a t e  t h i s  f u r t h e r .

The n o n - s p e c i f i c  a n t i s e r u m  a g a i n s t  G30 ( s e r o t y p e  4a) gave  

no r e a c t i o n s  i n  t h e  d o u b le  g e l  d i f f u s i o n  t e s t ,  and c o u l d  n o t ,  

t h e r e f o r e ,  be i n v e s t i g a t e d  f u r t h e r .

The r e l a t i v e l y  s p e c i f i c  *0* a n t i s e r a  p r o d u c e d  a g a i n s t  

s e r o t y p e s  l a  and 3a (G 32 and G29) were t e s t e d  by  t h e  r i n g  

p r e c i p i t i n  t e s t  a g a i n s t  HCl e x t r a c t s  o f  a l l  t h e  36 s t r a i n s  

o f  L. m o n o c y t o g e n e s . L i s t e r i a  s p .  and L. d e n i t r i f i c a n s  w h ich  

f e l l  w i t h i n  c l u s t e r  l A l  i n  F i g u r e  2 .  A l l  e x t r a c t s  w h ich  gave 

a p o s i t i v e  r e a c t i o n  w i t h  t h e  G 32 a n t i s e r u m  were t h e n  t e s t e d  

by th e  g e l  d i f f u s i o n  t e s t ,  s e e  TABLE 24 .
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TABLE' 24. R e s u l t s o f  t h e  d o u b le g e l  d i f f u s i o n  and r i n g

p r e c i p i t i n  t e s t s  w i t h a n t i s e r a  a g a i n s t  L.  m o n o cy to g en e s

s e r o t y p e s  l a ,  2 and 3a and HCl e x t r a c t s  o f  th e members o f

c l u s t e r lA l ( s e e  F i g u r e  2 ) ,  t h e  L. m onocytogene s  c l u s t e r .

ITIGENS. ANTISERA.
No. l a  (G32) l a  (632) 2 (G22) 3a (G29)

R . P . T . D. G. D. D# G. D. R . P . T .

1 — . NS +++3

4 - • NS +++3

5 ( l a ) +++1 S S +++2

6 (4b) - . NS ++2
7 (4) ++3 - NS +++2

10 ( 4a) ++3 - NS ++3
11 (4a) - • NS + 3
12 (1) +++1 - NS +++3

13 (1) +++1 s NS ++2
14 (1) +++1 s NS + S ++2
15 - • - -

16 ++3 - - -

17 (4b) ++3 - NS -

18 +++1 s NS +++ 4

19 - • NS

20 +++1 s S +++.

21 - . NS ++1

22 (2) +++1 s S ++1

23 +++1 s NS -

24 (3a) ++3 - NS +++ 2
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ANTIGENS. ANTISERA.
G No. l a  (G32) l a  (G32) 2 (G22) 3a (G29)

R . P . T . D. G. D. D.G.D. R . P .T .

25 +++3 S(weak) NS —
26 +++1 S NS ++2
27 +++1 S NS + S +++3

28 — . NS +++3

29 (3a) ++3 - - +++1
30 (4a) - - NS -

31 +++1 S 8 +++3

32 ( l a ) +++1 S S —
33 - . NS -
34 - . NS -

35 ++3 S(weak) NS ++3
36 +++1 S NS + S ++3
37 ++3 S(weak) NS +++3

38 +++3 S NS + S ■*■3
39 - . NS -
40 - • NS —

. t e s t  n o t  p e r f o r m e d .

S s p e c i f i c  l i n e  p r o d u c e d  i n  D.G . D. t e s t .  NS n o n - s p e c i f i c .

D.G.D. d o u b le  g e l  d i f f u s i o n  t e s t .  

R . P . T .  r i n g  p r e c i p i t i n  t e s t .

( l a )  r e f e r s  t o  s e r o t y p e  o f  t h e s t r a i n .

s e e  TABLE 21. f o r  sym bols  u s e d  f o r  t h e  R .P .T .
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The a n t i s e r u m  a g a i n s t  s e r o t y p e  2 *0* a n t i g e n s  was t e s t e d  

a g a i n s t  t h e  same 36 s t r a i n s  f rom  c l u s t e r  l A l  hy t h e  d o u b le  

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

n o n - s p e c i f i c  l i n e  d i s c u s s e d  e a r l i e r ,  o t h e r s  p r o d u c e d  t h e  same 

s p e c i f i c  l i n e  as  t h e  hom ologous  HCl e x t r a c t  and o t h e r s  p r o d 

u c ed  b o t h  l i n e s  ( a s  G 32 s e r o t y p e  l a ) .  The r e s u l t s  o f  a l l  

t h e s e  t e s t s  a re  shown i n  TABLE 24 , and some o f  them a re  r e p 

r e s e n t e d  i n  F i g u r e  12,

F i g u r e  12, R e s u l t s  o f  some o f  t h e  d o u b le  g e l  d i f f u s i o n  t e s t s  

which a r e  d e t a i l e d  i n  TABLE 24,

L, m o n ocy to g en es  l a  (G 3 2 ) , L. m onocy to gen es  2 (G22) .

G 32

022

G20

G18

o 
o

G16

G17

G21

G 20

O /;:
G17

G18

* A l l  t h e  above b a c t e r i a  (G16 t o  G23 p l u s  G32) a r e  a l l  

s t r a i n s  o f  L.  m o n o c y to g e n e s .
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h) F la g e l la  (H) A ntisera ,

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

t y p e s  o f  L, m onocy to g en es  ( l a ,  2 ,  3a and 4a) and L, g r a y i  were 

t e s t e d  hy tu h e  a g g l u t i n a t i o n  a g a i n s t  t h e i r  p a r t i c u l a t e  *H* 

a n t i g e n  p r e p a r a t i o n s ,  t h o s e  o f  e a c h  o t h e r  and t h o s e  o f  a 

f u r t h e r  e i g h t  s t r a i n s  which  were i n c l u d e d  i n  t h e  n u m e r i c a l  

t axo n om ic  s u r v e y .  These  e i g h t  b a c t e r i a  were L.  m u r r a y i  ( 6 4 4 ) ,  

L. d e n i t r i f i c a n s  ( 6 4 3 ) ,  t h e  f o u r  s t r a i n s  o f  L. m o no cy to genes  

which  c l u s t e r e d  m ost  c l o s e l y  t o  t h e  f o u r  above s e r o t y p e s  i n  

t h e  n u m e r i c a l  tax o n o m ic  s t u d y  (6 1 3 ,  6 14 ,  631 and 6 3 5 ) ,  L a c t o 

b a c i l l u s  d e l b r u e c k i i  (668) and S t r e p t o c o c c u s  f a e c a l i s  ( 6 1 2 5 ) .  

Both  o f  t h e s e  l a t t e r  two s t r a i n s  had  d e m o n s t r a t e d  weak m o t i l 

i t y  when t e s t e d  i n  t h e  n u m e r i c a l  tax o n o m ic  s t u d y .  The t i t r e s  

o b t a i n e d  a re  shown i n  TABLE 25.

The *H* a n t i s e r a  were t h e n  a b s o r b e d  w i t h  t h e i r  c o r r e s p 

o n d in g  *0* a n t i g e n s  and r e t e s t e d  w i t h  t h e  v a r i o u s  *H* a n t i g e 

ns by s l i d e  a g g l u t i n a t i o n ,  and i n  some c a s e s  by  tu b e  a g g l u t 

i n a t i o n  ( s e e  TABLE 26 f o r  t h e  r e s u l t s ) .

A b s o r p t i o n  o f  t h e  f o u r  L. m o no cy to g en e s  *H* a n t i s e r a  

w i t h  t h e i r  homologous s o m a t i c  a n t i g e n s  removed t h e  c r o s s 

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

m u r r a y i , L a c t o b a c i l l u s  d e l b r u e c k i i  and S.  f a e c a l i s , i n d i c a t 

i n g  t h a t  some form o f  n o n - s p e c i f i c  o r  s o m a t i c  r e a c t i o n  had  

b e e n  o c c u r i n g .  The r e a c t i o n s  w i t h  t h e  f o u r  L.  m o no cy to gen es  

s t r a i n s  6 1 3 ,  6 1 4 ,  631 and 635 were  n o t  rem oved ,  b u t  t h o s e  o f  

L. m o no cy to gen es  s e r o t y p e s  l a  and 2 w i t h  a n t i s e r a  a g a i n s t

3a and 4a  no l o n g e r  o c c u r r e d .  The L . g r a y i  *H* a n t i s e r u m  

showed a low l e v e l  o f  r e a c t i o n  w i t h  t h e  L. m o no cy to genes  and



TABLE 25 .  R e s u l t s  o f  t h e  t u b e  a g g l u t i n a t i o n  t e s t s  w i t h  

u n a b s o r b e d  a n t i s e r a  a g a i n s t  L .  m onocy togenes  ( s e r o t y p e s  

l a ,  2 ,  3a and 4a) and L. g r a y i ,  and *H* a n t i g e n s  o f  s e v e r a l  

m o t i l e  s t r a i n s  o f  b a c t e r i a .
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ANTIGENS.
G No. B a c t e r i u m

ANTISEKA.

la /G 32 2/G22 3a/G29 4a/G30 G42

32 L . m o nocy togenes l a 258 512 8 128 64

22 L . m onocy to gen es 2 128 512 8 128 16

29 L .m o n o c y to g e n e s 3a 128 512 >1024 >1024 128

30 L .m o n o c y to g e n e s 4a 256 512 >1024 >1024 128

42 L . g r a y i 16 4 32 16 >1024

43 L . d e n i t r i f i c a n s 4 8 8 16 32

44 L. m u r r a y i 8 2 2 16 >1024

13 L. m onocy tog en es 128 1024 >1024 >1024 64

14 M 128 512 >1024 >1024 64

31 n 128 >1024 >1024 >1024 64

35 M 128 128 256 >1024 128

68 L , d e l b r u e c k i i 64 64 32 256 256

125 S . f a e c a l i s 256 128 128 128 256
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TABLE 26 .  R e s u l t s  o f th e  s l i d e o r  tu b e a g g l u t i n a t i o n  t e s t s

w i t h  t h e  a b s o r b e d  *H* a n t i s e r a  a g a i n s t  L . m o n o cy to genes

( s e r o t y p e s  l a ,  2 ,  3a and 4a) and L . g r a y i , and a n t i g e n s  o f

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

ANTIGENS. ANTISERA
G No. B a c t e r i u m . L .m o n o c y to g e n e s L. g r a y i

l a /G 3 2 2/G22 3a/G29 4a/G30
*

G42
0

32 L .m o n o c y to g e n e s  l a +++ — — 16

22 L .m o n o c y to g e n e s  2 +++ +++ 4

29 L .m o n o c y to g e n e s  3a +++ +++ 2048 32

30 L .m o n o c y to g e n e s  4a +++ 2048 32

42 L . g r a y i - - - 32 ,768

43 L . d e n i t r i f i c a n s - — - - -

44 L . m u r r a y i - - - 32 ,.768

13 L .m o n o c y to g e n e s +++ +++ +++ 2048 16

14 ” +++ +++ +++ 2048 16

31 ” +++ +++ +++ 2048 -

35 " +++ +++ +++ 4096 -

68 L . d e l b r u e c k i i - - - - -

L25 S . f a e c a l i s — — — — _

S l i d e  A g g l u t i n a t i o n  r e s u l t s : -  

+++ v e r y  s t r o n g  a g g l u t i n a t i o n  

-  no a g g l u t i n a t i o n

* t h e  a n t i s e r u m  a g a i n s t  G 30 was d i l u t e d  1 i n  4 .  

® t h e  a n t i s e r u m  a g a i n s t  G 42 was d i l u t e d  1 i n  2 .

Tuhe A g g l u t i n a t i o n  r e s u l t s :  

num bers  r e f e r  t o  t i t r e s  

-  no t i t r e
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L. d e n i t r i f i c a n s  s t r a i n s  b e f o r e  a b s o r p t i o n ,  and r e a c t i o n s  a t  

1 : 1024 o r  h i g h e r  w i t h  i t s  homologous a n t i g e n  p r e p a r a t i o n  

and t h a t  o f  L. m u r r a y i . A f t e r  a b s o r p t i o n ,  t h e  se ru m  (which  

was d i l u t e d  by h a l f  i n  s a l i n e  b e f o r e  a b s o r p t i o n )  showed a 

r e d u c t i o n  i n  t h e  t i t r e s  w i t h  L. m o no cy tog en es  ( l a ,  2 ,  3a and 

4 a ,  G13 and G14) t o  1 ; 32 o r  l e s s ,  and t h e  r e a c t i o n s  w i t h  

L. d e n i t r i f i c a n s  and L. m o n ocy to g enes  G31 and G35 were comp

l e t e l y  rem oved .  The r e a c t i o n s  w i t h  t h e  hom ologous  a n t i g e n  

and t h a t  o f  L . m u r r a y i , h o w ev er ,  s t i l l  r e m a in e d ,  and b o t h  

e x h i b i t e d  t i t r e s  o f  1 : 3 2 ,7 6 8 .

The s u p e r n a t a n t s  f rom  t h e  tu b e  a g g l u t i n a t i o n  r e a c t i o n s  

o f  t h e  a b s o r b e d  L. g r a y i  a n t i s e r u m  w i t h  L . g r a y i  and L . mur

r a y i  a n t i g e n s  were t e s t e d  by s l i d e  a g g l u t i n a t i o n  t o  d e t e c t  

any r e m a i n i n g  a b i l i t y  t o  a g g l u t i n a t e  t h e s e  two a n t i g e n s .  The 

r e s u l t s  a r e  shown i n  TABLE 2 7, and i n d i c a t e  t h a t  b o t h  a n t i g 

e n s  were r e a c t i n g  w i t h  t h e  same a n t i b o d y .

I t  was a l s o  d e c i d e d  t o  t e s t  o t h e r  i n t e r e s t i n g  m o t i l e  

b a c t e r i a ,  L. d e n i t r i f i c a n s  ( G l ) , K u r t h i a  z o p f i i (G 1 6 8 ) , C o ry n -  

e b a c t e r i u m  p o i n s e t t i a e  (G158) and TS I I I  a g a i n s t  t h e  f i v e  

a b s o r b e d  *H* a n t i s e r a  by s l i d e  a g g l u t i n a t i o n .  The r e s u l t s  o f  

t h e s e  t e s t s  a r e  shown i n  TABLE 28.  K. z o p f i i , C. p o i n s e t t i a e  

and TS I I I  f a i l e d  t o  r e a c t  w i t h  any o f  t h e  a n t i s e r a ,  b u t  

L. d e n i t r i f i c a n s  (Gl) r e a c t e d  w i t h  aU f o u r  o f  t h e  L.  m onocy t

o g e n e s  *H* a n t i s e r a .
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TABLE 27 .  R e s u l t s  o f  t h e  s l i d e  a g g l u t i n a t i o n  t e s t s  w i t h  

"abso rb ed *  L. g r a y i  a n t i s e r u m  ( s u p e r n a t a n t s  f rom  th e  

t u b e  a g g l u t i n a t i o n  t e s t s  w i t h  L. g r a y i  and L. m u r r a y i )  a g a i n s t  

L.  g r a y i  and L. m u r r a y i  *H* a n t i g e n s .

1 : 2 
t o  

1 : 32

DILUTIONS.

1 : 64 1 : 16 ,1 9 2

S u p e r n a t a n t s  f rom  t h e  

t u b e  a g g l u t i n a t i o n  

t e s t  w i t h  L.  g r a y i

R e a c t i o n  w i t h  L. g r a y i

S u p e r n a t a n t s  f rom  t h e  

t u b e  a g g l u t i n a t i o n  

t e s t  w i t h  L. m u r r a y i

+++

R e a c t i o n  w i t h  L. m u r r a y i  +++

R e a c t i o n  w i t h  L. g r a y i  +++

R e a c t i o n  w i t h  L. m u r r a y i  +++ ++

+++ v e r y  s t r o n g  a g g l u t i n a t i o n ,  

++ m o d e r a te  a g g l u t i n a t i o n .

+ weak a g g l u t i n a t i o n ,  

-  no a g g l u t i n a t i o n .
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TABLE 28. R esu lt s  of  the s l i d e  a g g lu t in a t io n  t e s t s  with

t h e  f i v e  a b s o r b e d  L i s t e r i a  a n t i s e r a  a g a i n s t  L. d e n i t r i f 

i c a n s  ( G l ) ,  K. z o p f i i  (G 1 6 8 ) , C. p o i n s e t t i a e  (G158) and T S I I I .

ANTISERA.

G No. B a c t e r i u m G 1

ANTIGENS. 

G168 G158 T S I I I

32 L. m on o cy to g en e s  l a  +++

22 L. m o n o cy to g en e s  2 +++

29 L. m on o cy to g en e s  3a +++

30 L. m o n o cy to g en e s  4a +++

42 L. g r a y i

+++ s t r o n g  a g g l u t i n a t i o n  r e a c t i o n .  

-  no r e a c t i o n .
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DISCUSSION.

The r e s u l t s  o f  t h e  n u m e r i c a l  tax o n o m ic  s t u d y  ( F i g u r e s  2 

t o  6 and A ppend ix  I I I  F i g u r e s  I  t o  IV) i n d i c a t e  a c l e a r  d i v i 

s i o n  o f  t h e  s t r a i n s  i n t o  two d i s t i n c t  g r o u p s .  The f i r s t  o f  

t h e s e  two g r o u p s  ( c l u s t e r  I )  c o n t a i n s  w h a t  c a n  l o o s e l y  he 

t e rm e d  t h e  ' l a c t i c  g r o u p * ; r e p r e s e n t a t i v e s  o f  t h e  g e n e r a  

E r y s i p e l o t h r i x . L a c t o b a c i l l u s . L i s t e r i a  and S t r e p t o c o c c u s , 

t o g e t h e r  w i t h  t h e  s p e c i e s  B a c t e r i u m  e u r v d i c e . G e m e l la  h a e m o l -  

y s a n s  and M i c r o b a c t e r i u m  th e rm o sp h a c tu m .  A l s o  i n c l u d e d  i n  

t h i s  g ro u p  a r e  t h e  r e p r e s e n t a t i v e s  o f  t h e  gen u s  P r o p i o n i b a c t -  

e r i u m .  The s e c o n d  m a jo r  g rou p  ( c l u s t e r  I I )  i n c l u d e s  th e  

r e m a i n i n g  members o f  t h e  f a m i l y  C o r y n e b a c t e r i a c e a e  -  th e  g e n e 

r a  C e l l u l o m o n a s  and C o r y n e b a c t e r i u m . t h e  r e p r e s e n t a t i v e s  o f  

t h e  f a m i l y  B r e v i b a c t e r i a c e a e  -  g e n e r a  K u r t h i a  and B r e v i b a c t -  

e r i u m  ( e x c e p t  B. d i v a r i c a t u m ) . t o g e t h e r  w i t h  t h e  r e p r e s e n t a t 

i v e s  o f  t h e  f a m i l y  M i c r o c o c c a c e a e  -  g e n e r a  S t a p h y l o c o c c u s  and 

M ic r o c o c c u s  and t h e  two p o s s i b l e  A r t h r o b a c t e r  s t r a i n s  f rom 

t h r o a t  sw abs .

C l u s t e r  I I .

The b a c t e r i a  i n  c l u s t e r  I I  w i l l  be d i s c u s s e d  f i r s t  b e c a u 

s e  t h e y  were i n c l u d e d  i n  t h e  s u r v e y  as  m a rk e r  o r g a n i s m s  and 

o n l y  s i n g l e  s t r a i n s  o f  t h e  v a r i o u s  s p e c i e s  ( e x c e p t  K u r t h i a )  

were i n c l u d e d .  As a r e s u l t ,  t h e  c l u s t e r i n g  w i t h i n  c l u s t e r  I I  

i s  r e l a t i v e l y  u n s t r u c t u r e d  and v e r y  few c o n c l u s i o n s  c a n  be  ̂

d raw n.  I t  i s  o b v i o u s ,  h o w e v e r ,  t h a t  K u r t h i a  z o p f i i  i s  a t i g h t  

(85% S ) , homogeneous s p e c i e s  w h ich  f a i l s  t o  e x h i b i t  any c l o s e  

r e l a t i o n s h i p  t o  M. th e rm o sp h a c tu m .  T h i s  r e s u l t  s u p p o r t s  t h e
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v ie w s  o f  G a r d n e r  ( 1 9 6 9 ) ,  who i n d i c a t e d  t h a t  t h e  o n l y  im p o r 

t a n t  c h a r a c t e r i s t i c  s h a r e d  hy  K. z o p f i i  and M. th e rm o sp h a c tu m  

( o t h e r  t h a n  a m o r p h o l o g i c a l  s i m i l a r i t y ) ,  was t h a t  t h e y  were 

h o t h  f r e q u e n t l y  i s o l a t e d  f rom  s t o r e d  m e a t .

The members o f  t h e  g e n us  S t a p h y l o c o c c u s » r e c e i v e d  as  

a u r e u s , S .  a u r e u s  ( o x f o r d  s t r a i n ) ,  S.  s a p r o p h y t i c u s . ^  

e p i d e r m i d i s  and M ic r o c o c c u s  h y i c u s .  t o g e t h e r  w i t h  t h e  one 

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

c l u s t e r  (83% S ) , I I B 1 7 .  These  r e s u l t s  g i v e  added  s u p p o r t  t o  

t h e  v iew  t h a t  M. h y i c u s  i s  i n t a c t  a S t a p h y l o c o c c u s  ( J o n e s ,  

D e i b e l  and N iven  ( 1 9 6 3 ) ) ,  b u t  do n o t  f u l l y  s u b s t a n t i a t e  t h e  

s u g g e s t i o n  by  t h e s e  a u t h o r s  t h a t  S . s a p r o p h y t i e u s  i s  p r o b a b l y  

synonymous w i t h  S.  e p i d e r m i d i s . However, o n l y  one s t r a i n  o f  

e a c h  o f  t h e s e  two s p e c i e s  were i n c l u d e d  and t h e r e  i s  some 

d o u b t  a b o u t  t h e  i d e n t i t y  o f  S.  s a p r o p h y t i c u s  G175 (NCTC 7291) 

( s e e  J o n e s ,  D e i b e l  and N iv e n  ( 1 9 6 3 ) ) .

The s t r a i n s  o f  C e l l u l o m o n a s , C o r y n e b a c t e r i u m  and B r e v i -  

b a c t e r i u m  c l u s t e r e d  v e r y  l o o s e l y ,  and showed no o b v io u s  

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

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

p o s i t i o n  o f  L i s t e r i a  i n  t h e  f a m i l y  C o r y n e b a c t e r i  ace ae 

( B e r g e y ' s  Manual ( 1 9 5 7 ) ) .

C l u s t e r  I .

W i t h i n  c l u s t e r  I  t h e  s t r a i n s  r e c e i v e d  as  members o f  t h e  

genus  L i s t e r i a , p l u s  one r e c e i v e d  as  E. r h u s i o p a t h i a e .  fo rm  

a t i g h t  c l u s t e r  a t  83% S ( c l u s t e r  lA i n  F i g u r e  2 ) .  W i t h i n  

t h i s  c l u s t e r  t h r e e  s m a l l e r  c l u s t e r s  and one s i n g l e  s t r a i n  

c a n  be d i s t i n g u i s h e d : -



135
C l u s t e r  lA l  -  35 s t r a i n s  o f  L .m o n o c y to g e n e s  and L i s t e r i a  s p . ,

1 s t r a i n  r e c e i v e d  a s  L . d e n i t r i f i c a n s .

1 s t r a i n  r e c e i v e d  as  E . r h u s i o p a t h i a e .

C l u s t e r  IA2 -  4 s t r a i n s  o f  L . g r a y i ,

3 s t r a i n s  o f  L . m u r r a y i .

C l u s t e r  IA3 -  3 a t y p i c a l  s t r a i n s  o f  L .m o n o c y to g e n e s  and

L i s t e r i a  s p .  (G8, G l 5 a ,  G 1 6 a ) .

S t r a i n  G43 -  L . d e n i t r i f i c a n s .

The s p e c i e s  L. m o n o c y t o g e n e s , as  r e p r e s e n t e d  hy  c l u s t e r  

l A l ,  a p p e a r s  v e r y  homogeneous and c l e a r l y  d i s t i n c t  f rom  t h e  

r e p r e s e n t a t i v e s  o f  t h e  o t h e r  t h r e e  s p e c i e s  and t h e  t h r e e  a -  

t y p i c a l  s t r a i n s  ( c l u s t e r  I A 3 ) . The one s t r a i n  r e c e i v e d  as  

E. r h u s i o p a t h i a e . w hich  f a l l s  i n  t h i s  c l u s t e r ,  was o b v i o u s l y  

w ro n g ly  i d e n t i f i e d ,  and s h o u l d  be renam ed  L. m o n o c y to g e n e s .

I t  i s  u n f o r t u n a t e  t h a t  more s t r a i n s  o f  L. d e n i t r i f i c a n s , L̂ , 

g r a y i  and L. m u r r a y i  c o u ld  n o t  be o b t a i n e d ,  b u t  t h o s e  s t r a i n s  

w h ich  were i n c l u d e d  g i v e  a good i n d i c a t i o n  o f  t h e  r e l a t i o n 

s h i p s  w i t h i n  t h e  g e n u s .  The r e p r e s e n t a t i v e s  o f  L. g r a y i  and 

L. m u r r a y i  form a t i g h t  c l u s t e r  a t  90% S ( c l u s t e r  I A 2 ) ,  and 

t h e n  j o i n  t h e  L. m on o cy tog en es  c l u s t e r  ( l A l )  a t  85% S ,  w h ich  

i n d i c a t e s  a c l o s e r  s i m i l a r i t y  t o  e a c h  o t h e r  t h a n  t o  L. mono

c y t o g e n e s . Of t h e  two s t r a i n s  o f  L. d e n i t r i f i c a n s , one (Gl)  

c l e a r l y  f a l l s  w i t h i n  t h e  m a in  L. m o n o cy to g en e s  c l u s t e r  ( l A l )  

and s h o u l d  be renam ed L. m o n o c y to g e n e s , t h e  o t h e r  (G43) i s  

s t r a i n  L26 ( S o h i e r ,  B e n a z e t  and P i e c h a u d  ( 1 9 4 8 ) )  u p o n  which  

t h e  s p e c i e s  d e s c r i p t i o n  i s  b a s e d ,  and a p p e a r s  q u i t e  d i s t i n c t  

f rom t h e  o t h e r  t h r e e  s p e c i e s  o f  L i s t e r i a ,  a l t h o u g h  i t  shows 

a g r e a t e r  s i m i l a r i t y  t o  L .  g r a y i  and L. m u r r a y i  t h a n  t o  ^  

m o n o c y to g e n e s .  However ,  when L. d e n i t r i f i c a n s  (G43) was



136
i n c l u d e d  i n  a n u m e r i c a l  t a x o n o m ic  s u r v e y  which  c o n t a i n e d  a 

d i f f e r e n t  s e t  o f  *coryneform* and ' l a c t i c *  b a c t e r i a ,  and i n  

which  a  d i f f e r e n t  s e t  o f  t e s t s  were  em p lo yed ,  i t  d i d  n o t  

d e m o n s t r a t e  su c h  a c l o s e  r e l a t i o n s h i p  t o  t h e  o t h e r  L i s t e r i a  

s p e c i e s  ( J o n e s  p e r s . c o m m . ) ,  and i n t a c t  c l u s t e r e d  w i t h  some 

*c o r y n e f o r m * s t r a i n s .  I t s  n e a r e s t  n e i g h b o u r s  (80% S) were  4 

s t r a i n s  i s o l a t e d  from p o u l t r y  deep  l i t t e r  by  S c h e f f e r l e  ( 1 9 6 6 ) ,  

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

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

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

The f i n a l  c l u s t e r ,  IA3, c o n t a i n s  t h e  t h r e e  ' a t y p i c a l *  

s t r a i n s  w h ich  show l e s s  t h a n  85% S t o  t h e  o t h e r  L i s t e r i a  

s t r a i n s ,

L. m o n o c y to g e n e s , t h e r e f o r e ,  a p p e a r s  t o  be a good s p e c i e s ,  

b u t  t h e  p o s i t i o n  o f  L. g r a y i  and L. m u r r a y i  i s  l e s s  c l e a r .

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

a t  l e a s t  90% S t o  e a c h  o t h e r ,  t h e  i n c l u s i o n  o f  more s t r a i n s  

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

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

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

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

t h e  r e p o r t e d  c h a r a c t e r i s t i c s  o f  t h e  f o u r  s p e c i e s  o f  L i s t e r i a  

( s e e  TABLE 1 ) ,  c a n  be s e e n  i n  T ab le  29 . t h e r e  i s  good a g r e e 

ment b e tw e e n  them. The c h a r a c t e r i s t i c s  o f  t h e  f o u r  L i s t e r i a  

s p e c i e s  a r e  a l s o  compared w i t h  t h o s e  o f  t h e  ' a t y p i c a l '  L i s t e r i a  

o f  c l u s t e r  IA3,  and t h o s e  r e p o r t e d  f o r  t h e  * a t y p i c a l *  l a c t o -  

b a c i l l i  f rom  c h i c k e n  m e a t ,  TS I I I  ( T h o r n l e y  and S h a rp e  ( 1 9 5 9 ) ,  

i n  TABLE 3 0 ,  C h a r a c t e r s  which  f a c i l i t a t e  t h e  s e p a r a t i o n  o f  

t h e  f o u r  s p e c i e s  o f  L i s t e r i a ,  c l u s t e r  IA3 and members o f  TS



TABLE 29. C o m p ar i so n  o f  some r e p o r t e d  c h a r a c t e r s  o f  t h e  f o u r  

s p e c i e s  o f  L i s t e r i a  (a )  w i t h  t h o s e  o b t a i n e d  i n  t h e  p r e s e n t  

s t u d y  ( b ) . ( s e e  TABLE 1 f o r  r e f e r e n c e s ) .
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C h a r a c t e r s L ,  monocy
t o g e n e s

ba

i - - .g r a y i  
a b

k .
m u r r a y i  

a b

L.  d e n i t -  
r i f i c a n s

A n to n  eye  t e s t  

C a t a l  a se  

M o t i l i t y  

- h a e m o l y s i s

+

+

+

+

+

35+

+

+

+

V o g e s - P r o s k a u e r  t e s t  + 

M e thy l  r e d  t e s t  +

N i t r a t e  r e d u c t i o n  -  -

A e s c u l i n  h y d r o l y s i s  + +

A c id  p r o d u c t i o n  f r o m -

a d o n i t o l  -  -

L - a r a b i n o s e  -  -

c e l l o b i o s e  + +

d e x t r i n  +

d u l c i t o l  -  -

e r y t h r i t o l  -  .

D - g a l a c t o s e  V/D -

g l u c o s e  + +

g l y c o g e n

i n o s i t o l  -  -

i n u l i n  -

l a c t o s e  V/D 33+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+
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table 2 9 , ( co n t in u ed ) ,

C h a r a c t e r s L .monocy
t o g e n e s

L.
g r a y i

k.
m u r r a y i

L . d e n i t — 
r i f i c a n s

a b a b a b a b

r e d u c t i o n  from-

l a e v u l o s e + + + + + + + +

m a l t o s e + + + + + + + +

m a n n i t o l - 3+ + + + + - -

mannose + . + . + • + •

m e l i b i o s e - - - - - - +D -

m e l e z i t o s e V 21+ - ( + ) - + - +

r a f f i n o s e - - - - - - - -

rhamnose + * + - — +c - -

s a l i c i n + + + + + + + +

s t a r c h + . + . + • + •

s u c r o s e V/D 10+ — - - - + -

t r e h a l o s e + 34+ + + + + +D +D

x y l o s e - 11+ - + - + - +

s t r a i n s - 37 4 3 1

+ p o s i t i v e  r e a c t i o n  ( f o r  s u g a r s ,  w i t h i n  48 h r , ) .

(+) weak p o s i t i v e  r e a c t i o n ,

V v a r i a b l e ,
n o t  t e s t e d ,

D d o u b t f u l ,

* r a r e  s t r a i n s  rham nose  p o s i t i v e -  2 / 3 7  i n  p r e s e n t  s t u d y ,  

o 6 / 9  s t r a i n s  p o s i t i v e ,

/  2 /3  s t r a i n s  p o s i t i v e ;  1 / 3  s t r a i n s  w e a k ly  p o s i t i v e ,

34+ e t c , ,  a c t u a l  no ,  o f  s t r a i n s  g i v i n g  t h a t  r e a c t i o n ,  o t h e r 

w i s e  a l l  s t r a i n s  r e a c t e d  i n  t h e  same way.
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TABLE 30. C om par iso n  o f  t h e  c h a r a c t e r s  o f  t h e  f o u r  s p e c i e s  o f  

L i s t e r i a  w i t h  t h o s e  o b t a i n e d  f o r  c l u s t e r  IA3 and t h o s e  r e p 

o r t e d  f o r  TS I I I  ( T h o r n l e y  and S h a rp e  ( 1 9 5 9 ) ) ,

C h a r a c t e r s

'"Anton eye  t e s t  

C a t a l  a se  

M o t i l i t y  

 ̂ - h a e m o l y s i s  

V o g e s - P r o s k a u e r  t e s t  

M e th y l  r e d  t e s t  

N i t r a t e  r e d u c t i o n  

A e s c u l i n  h y d r o l y s i s  

A r g i n i n e  h y d r o l y s i s  

A c id  p r o d u c t i o n  f ro m -  

a d o n i t o l

L - a r a b i n o s e

c e l l o b i o s e

^ d e x t r i n

d u l c i t o l

^ e r y t h r i t o l

D - g a l a c t o s e

g l u c o s e

^ g ly c o g e n

i n o s i t o l

i n u l i n

l a c t o s e

L .m on-  L , g r a -  L , m u r -  L , d e n -  IA3 
o c y t o -  y i  r a y i  i t r i f -
g e n e s

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

l e a n s

+

+

+

+

+

+

i ( + )

- /W /+

33+

+

+

+

+

+

TS
I I I

+

+

s

+

+

V+
. 8



TABLE 30. ( c o n t i n u e d ) .

C h a r a c t e r s  L .m on-  L
o c v t o -
g e n e s

A c id  p r o d u c t i o n  f rom

. g r a 
yi

L . mur
r a y i

L. den 
i t r i f 
i c a n s

IA3 TS
I I I

l a e v u l o s e + + + + + +
m a l t o s e + + + + + +

m a n n i t o l
1

+ + - + -
mannose + + + + • +
m e l i b i o s e - - - - —/W/W -

^ m e l e z i t o s e V - - - + -
r a f f i n o s e — - - - -A+V+ -

^ rhamnose +* - +^ - - / - / + -

s a l i c i n + + + + + +

^ s t a r c h + + + + • •

^ s u c r o s e V/D — - + + +

t r e h a l o s e + 34 + + +D + +

x y l o s e a a a a -

no.  o f  s t r a i n s 37 4 3 1 3 8

+ p o s i t i v e  r e a c t i o n  ( f o r  s u g a r s  w i t h i n  48 h r . )

(+) weak p o s i t i v e  r e a c t i o n .

n o t  t e s t e d  /  no r e a c t i o n  g i v e n .

V v a r i a b l e  D d o u b t f u l

* r a r e  s t r a i n s  a r e  rham nose  p o s i t i v e

0 6 /9  s t r a i n s  p o s i t i v e

a s e e  p r e v i o u s  t a b l e ,  t h e  two s e t s  o f  r e s u l t s  do n o t  a g r e e .

1 r e s u l t  t a k e n  f rom  TABLE 1 ,  o t h e r w i s e  f rom  p r e s e n t  s t u d y .

34+ e t c . ,  no .  o f  s t r a i n s  g i v i n g  + r e a c t i o n ,  o t h e r w i s e  a l l  
s t r a i n s  r e a c t e d  i n  t h e  same way.
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I I I  a r e  g i v e n  i n  TABLE 31 .

Members o f  t h e  c l u s t e r  IAS r e s e m b l e  L. m on o cy to g en e s  i n  

t h e i r  l a c k  o f  n i t r a t e  r e d u c t i o n  and p r o d u c t i o n  o f  a c i d  f rom  

s u c r o s e ,  and L. g r a y i  and L. m u r r a y i  i n  t h e i r  m a n n i t o l  f e rm 

e n t a t i o n .  They do ,  h o w e v e r ,  d i f f e r  i n  s e v e r a l  r e s p e c t s  f rom  

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

n e g a t i v e ,  p r o d u c e  a c i d  from i n u l i n  and i n o s i t o l ,  and one s t r a i n  

(G l5a)  p r o d u c e s  ammonia from a r g i n i n e .

The c h a r a c t e r i s t i c s  o f  t h e  TS I I I  b a c t e r i a  ( T h o r n l e y  and 

S h a rp e  ( 1 9 5 9 ) )  a r e  shown i n  t h e  f i n a l  co lum n o f  TABLE 30 , and 

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

o f  a c i d  f rom  i n u l i n  and t h e  h y d r o l y s i s  o f  a r g i n i n e ,  t h e s e  

b a c t e r i a  r e s e m b l e  L. m o n o c y to g e n e s . They d i f f e r  f rom  L. g r a y i  

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

i o n  f rom  i n u l i n  and f a i l u r e  t o  f e r m e n t  m a n n i t o l .  On c o m p a r i 

s o n  w i t h  c l u s t e r  IA3,  t h e  TS I I I  b a c t e r i a  d i f f e r  i n  t h e i r  

m o t i l i t y  and f a i l u r e  t o  p r o d u c e  a c i d  f rom  i n o s i t o l ,  m a n n i t o l  

o r  m e l e z i t o s e .

The c h a r a c t e r i s t i c s  o f  t h e  TS I I  b a c t e r i a  ( T h o r n l e y  and 

S h a rp e  ( 1 9 5 9 ) )  were  a l s o  com pared  w i t h  t h o s e  o f  L i s t e r i a .

They a r e  c a t a l a s e  n e g a t i v e ,  r e d u c e  l i t m u s  m i l k  and h y d r o l y s e  

a r g i n i n e  and a e s c u l i n ,  b u t  a r e  n o n - m o t i l e .  T hese  c h a r a c t e r s  

c l o s e l y  r e s e m b l e  t h o s e  o f  t h e  t h r e e  b a c t e r i a  o f  c l u s t e r  IA3 

i n  t h e  p r e s e n t  s t u d y .  T h o r n le y  and S h a rp e  fo u n d  t h a t  a l l  o f  

t h e  s t r a i n s  w i t h i n  t h e i r  g roup  2 ( T S I I )  p r o d u c e d  a c i d  f rom  

c e l l o b i o s e ,  d e x t r i n ,  f r u c t o s e ,  m a l t o s e ,  m annose ,  s a l i c i n ,  

s u c r o s e  and t r e h a l o s e ,  and f a i l e d  t o  a c i d i f y  a r a b i n o s e ,  rham

n o s e ,  s o r b o s e  o r  x y l o s e .  T hese  r e s u l t s  a r e  i d e n t i c a l  t o  t h o s e  

o b t a i n e d  f o r  t h e  T h o r n l e y  and S h a rp e  Group 3 b a c t e r i a  and a l l



TABLE 31. C h a r a c t e r s  w h ich  d i f f e r e n t i a t e  b e tw e e n  t h e  f o u r  

s p e c i e s  o f  L i s t e r i a ,  c l u s t e r  IA3 and TS I I I ,  b a s e d  u po n  

T h o r n l e y  and S h a r p e  ( 1 9 5 9 ) ^ ,  W elsh im er  and M e r e d i t h  ( 1 9 7 1 ) ^ ,

142

3
and t h e  p r e s e n t  s t u d y

C h a r a c t e r s  L.mon
o c y t o 
g e n e s

L . g r a -
Ï Î

L .m ur
r a y i

L. den 
i t r i f 
i c a n s

IA3 Tgl
I I I

2
A n to n  eye  t e s t  + + - - • •
C a t a l a s e  + + + + - -

M o t i l i t y  ^ + + + + -
2 3

V o g e s - P r o s k a u e r  + - + •

N i t r a t e  r e d u c t i o n ^ ' ^  - - + + - -

A r g i n i n e  h y d r o l y s i s  - — — - + +

A c id  f rom  -
2 3L - a r a b i n o s e  ’ - - - + - -

g l y c o g e n  ^ - - - + . .

i n o s i t o l  ^ - - - - + -

i n u l i n  ^ - - - - + 7+

m a n n i t o l  ^ ^ 3 4 - + + - + -
2 3rham nose  * +* - +° - - / - / + -

R e d u c t i o n  o f  3
L i tm u s  M i lk 1- 1- -f

RNase a c t i v i t y  ^ + + + - + .
3

H i p p u r a t e  h y d r o l y s i s  + - + + + .

Tween 60 " ^ 34+ - - - - •
C e l l u l o s e  " ^ - +

No. o f  s t r a i n s 37 8

Symbols  -  a s  i n  p r e v i o u s  TABLE,
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L i s t e r i a . With a f u r t h e r  n i n e  s u g a r s  and a l c o h o l s ,  how ev er ,  

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

w i t h i n  t h e  g roup  TS I I .  These  p a t t e r n s ,  t o g e t h e r  w i t h  t h e

r e s u l t s  g i v e n  hy  TS I I I ,  c l u s t e r  IA3 and t h e  f o u r  s p e c i e s  o f

L i s t e r i a  a r e  d e t a i l e d  i n  TABLE 32 . Some o f  t h e  f e r m e n t a t i o n  

r e s u l t s  r e s e m b l e  L. m o n o c y to g e n e s , e g . ,  t h o s e  o f  g r o u p s  A,C,D 

and H; o f  t h e s e  C a l s o  shows a r e s e m b l a n c e  t o  L . d e n i t r i f i c a n s , 

L. g r a y i  and L. m u r r a y i , w h i l e  H shows an  e q u a l  s i m i l a r i t y  t o  

t h e  f o u r  s p e c i e s  o f  L i s t e r i a  and t h e  members o f  c l u s t e r  IA3. 

G roups  B, F,  G, I  and J ,  h o w e v e r ,  show a  much g r e a t e r  s i m i l a 

r i t y  t o  t h e  b a c t e r i a  o f  c l u s t e r  IA3.  I t  i s  p o s s i b l e ,  t h e r e 

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

L i s t e r i a , b u t  p e r h a p s  i n s u f f i c i e n t l y  c l o s e l y  t o  j u s t i f y  p l a c 

i n g  them i n  t h e  g e n us  L i s t e r i a  i t s e l f .

The IA3,  TS I I  and TS I I I  b a c t e r i a  a r e  among many l a c t i c

a c i d  b a c t e r i a  w hich  have  n o t ,  a s  y e t  b e e n  a l l o c a t e d  t o  an

e x a c t  t ax o n o m ic  p o s i t i o n .  W ith  t h e  i n c r e a s e d  i n v e s t i g a t i o n  

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

r e d u c e d  ox y gen  t e n s i o n ,  and o f  s o u r c e s  s u c h  a s  a n im a l  house  

l i t t e r ,  i t  i s  p o s s i b l e  t h a t  e v e n  more o f  t h e s e  o r g a n i s m s  may 

be i s o l a t e d .  O b v i o u s l y  t h i s  i s  a n  i d e a l  a r e a  f o r  f u r t h e r  

r e s e a r c h  and one t h a t  m ig h t  p r o v e  v e r y  i n f o r m a t i v e .

To r e t u r n  t o  t h e  genu s  L i s t e r i a  p r o p e r ,  i t  a p p e a r s  t h a t  

L.  m o n ocy to g en e s  i s  a w e l l  d e f i n e d  s p e c i e s ,  c l e a r l y  d i s t i n c t  

f rom  L. g r a y i  and L.  m u r r a y i , and t h a t  t h e s e  two l a t t e r  

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

t o  w a r r a n t  i n d i v i d u a l  s p e c i f i c  s t a t u s ,  L. m u r r a y i  m e r e ly  

b e i n g  a b i o t y p e  o f  L. g r a y i .  L. g r a y i  was named b e f o r e  I^. 

m u r r a y i  ( L a r s e n  and S e e l i g e r  ( 1 9 6 6 ) ) ,  and w o u l d , t h e r e f o r e .
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have  p r i o r i t y  o v e r  t h e  more r e c e n t  name L. m u r r a y i  (W elsh im er  

and M e r e d i t h ( 1971) ) .  A l l  t h r e e  o f  t h e s e  s p e c i e s  have  a DNA 

h a s e  c o m p o s i t i o n  o f  b e tw e e n  37 and 40 m o le s  % GC ( S t u a r t  and 

W elsh im er  ( 1 9 7 3 ) ) ,  and a l t h o u g h  t h i s  d o e s  n o t  p r o v e  r e l a t e d 

n e s s ,  a t  l e a s t  i t  d o e s  n o t  p r o v e  d i s s i m i l a r i t y !

L. d e n i t r i f i c a n s  d i f f e r s  f rom  L.  m o n ocy to g enes  and L. 

g r a y i / m u r r a y i  i n  many c h a r a c t e r s  ( s e e  TABLE 33. ) .

TABLE 33. C h a r a c t e r s  w h ich  d i f f e r e n t i a t e  L. d e n i t r i f i c a n s  

f ro m  t h e  o t h e r  t h r e e  s p e c i e s  o f  L i s t e r i a ,  b a s e d  u po n  

W elsh im er  and M e r e d i t h  ( 1 9 7 1 ) ^ ,  S t u a r t  and W elsh im er  (1 9 7 3 )^
3

and t h e  p r e s e n t  s t u d y  ,

C h a r a c t e r s  L . mono c y t o g e ne s , L . d e n i t r i f i c a n s .
L . g r a y i  and 
L . m u r r a y i .

DNA b a s e  r a t i o  (moles%GC)^ 38+1 56+1

1 3V o g e s - P r o s k a u e r  t e s t  ’ + -

1 3A c id  from L - a r a b i n o s e  * -  +

” g l y c o g e n  ^ -  +

R e d u c t i o n  o f  L i tm u s  M i lk  ^ + -

RNase a c t i v i t y  ^ -  +

C e l l u l o s e  h y d r o l y s i s  ^ -  +

+ p o s i t i v e  r e a c t i o n .

-  n e g a t i v e  r e a c t i o n .
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The n u m e r i c a l  t ax o n o m ic  work o f  Jo n e s  ( p e r s ,  comm.) and 

t h e  p r e s e n t  s t u d y  i n d i c a t e  t h a t  L .  d e n i t r i f i c a n s  i s  n o t  a 

t r u e  member o f  t h e  genus  L i s t e r i a ,  and i t s  DNA b a s e  c o m p o s i t 

i o n  o f  56 moles% GC ( s e e  TABLE33) s u p p o r t s  t h e s e  c o n c l u s i o n s .

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

t h e  n u m e r i c a l  t ax o n o m ic  s t u d y .  L.  m ono cy to gen es  a p p e a r s  t o  

be s e r o l o g i c a l l y  d i s t i n c t  f rom  L.  d e n i t r i f i c a n s . L. g r a y i .  L j 

m u r r a y i  and a l l  t h e  o t h e r  b a c t e r i a  t e s t e d ,  b o t h  f o r  t h e  *0* 

and t h e  *H* a n t i g e n s .  L.  d e n i t r i f i c a n s  showed no a n t i g e n i c  

s i m i l a r i t y  t o  any o f  t h e  o t h e r  s p e c i e s  o f  L i s t e r i a , b u t  L. 

g r a y i  and L. m u r r a y i  a p p e a r e d  t o  be a n t i g e ^ h i c a l l y  r e l a t e d .

W i t h i n  t h e  s p e c i e s  L. m o n o c y to g e n e s , s e r o t y p e s  l a  (G32) 

and 2 (G22) showed a s p e c i f i c  r e l a t i o n s h i p  t o  e a c h  o t h e r .

T h i s  i s  c o n s i s t e n t  w i t h  t h e i r  a n t i g e n i c  p a t t e r n s  ( s e e  TABLE34)^ 

as  t h e y  p o s s e s s  t h r e e  common *0* a n t i g e n s .  W ith  t h e  a n t i s e r u m  

a g a i n s t  s e r o t y p e  l a  (G32) b o t h  a n t i g e n s  p r o d u c e d  t h r e e  i d e n t 

i c a l  l i n e s  when t e s t e d  by  d o u b le  g e l  d i f f u s i o n .  T hese  p r e s u m -  

eLbly c o r r e s p o n d  t o  t h e  t h r e e  common a n t i g e n s .  With  t h e  a n t i 

se ru m  a g a i n s t  s e r o t y p e  2 (G22) a s i n g l e  l i n e  o f  i d e n t i t y  was 

p r o d u c e d ,  w h ich  c a n  be assumed t o  c o r r e s p o n d  t o  one o f  t h e s e  

a n t i g e n s .  The a n t i s e r u m  a g a i n s t  s e r o t y p e  4a  (G30) d i d  n o t  

p r o d u c e  any r e a c t i o n s  by d o u b le  g e l  d i f f u s i o n ,  and r e a c t e d  n o n -  

s p e c i f i c a l l y  w i t h  a l l  a n t i g e n s  by  t h e  r i n g  p r e c i p i t i n  t e s t .  I t  

was n o t ,  t h e r e f o r e ,  p o s s i b l e  t o  draw any c o n c l u s i o n s  f rom  

t h e s e  r e s u l t s .  The 3a a n t i s e r u m  (G29) r e a c t e d  w i t h  *0* a n t i 

gens  o f  s e r o t y p e s  l a  and 2 by  t h e  r i n g  p r e c i p i t i n  t e s t ,  b u t  

o n l y  r e a c t e d  w i t h  t h e  homologous a n t i g e n  by  t h e  d o u b le  g e l  

d i f f u s i o n .  These  t h r e e  s e r o t y p e s  ( l a ,  2 and 3a) do p o s s e s s  

two common s o m a t i c  a n t i g e n s ,  and th e  r e s u l t s  o f  t h e  r i n g
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lOTYPE; •0* FACTORS: *H* FACTORS:

l a I ,  I I , ( I I I ) * A, B

l b II A, B, C

2 n B, D

3a I I ,  ( I I I ) ,  IV A, B

3b n A, B, C

4a ( I I I ) , (V) ,  V I I ,  IX II

4b ( I I I ) , V, VI II

4c ( I I I ) , V, V II n

4ab ( I I I ) , V. V I , V I I ,  IX n

4d ( I I I ) , V I ,  V I I I II

4e ( I I I ) , V, V I , V I I I ,  IX n

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

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

The f o u r  s e r o t y p e s  have  a t  l e a s t  one *H* a n t i g e n  i n  com

mon w i t h  e a c h  o t h e r  ( s e e  TABLE 3 4 ) .  The a b s o r b e d  *H* a n t i 

s e r a  a g a i n s t  s e r o t y p e s  l a  and 2 r e a c t e d  w i t h  a l l  t h e  L. mono

c y t o g e n e s  *H* a n t i g e n s  ( s e r o t y p e s  l a ,  2 ,  3 a ,  4a p l u s  G 13 ,
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G 14 ,  Q 31 and G 3 5 ) .  The a b s o r b e d  *H* a n t i s e r a  a g a i n s t  

s e r o t y p e s  3a and 4a r e a c t e d  s i m i l a r l y ,  e x c e p t  t h a t  no r e a c t i 

ons were o b s e r v e d  w i t h  t h e  ty p e  l a  and 2 *H* a n t i g e n s  ( s e e  

TABLE 2 6 ) .  The a b se n c e  o f  B f a c t o r  a n t i g e n  o r  a n t i b o d y  would  

e x p l a i n  t h e  l a c k  o f  r e a c t i o n  w i t h  s e r o t y p e  2 a n t i g e n ,  b u t  t h e  

a b se n c e  o f  any a g g l u t i n a t i o n  w i t h  t h e  l a  a n t i g e n  i s  n o t  so  

e a s i l y  e x p l a i n e d .

The L.  m u r r a y i  *0* a n t i s e r u m  was s p e c i f i c ,  o n l y  r e a c t i n g

w i t h  t h e  hom ologous  HCl e x t r a c t  and t h a t  o f  C. p o i n s e t t i a e

G158 ( t h i s  l a t t e r  b a c t e r i u m  r e a c t e d  w i t h  a l l  t h e  *0* a n t i s e r a  

a g a i n s t  w h ich  i t  was t e s t e d ) .  The L. g r a y i  *0* a n t i s e r u m ,  i n  

c o n t r a s t ,  was c o m p l e t e l y  n o n - s p e c i f i c  and r e a c t e d  w i t h  a l l  o f  

t h e  HCl e x t r a c t s  w i t h  w h ich  i t  was t e s t e d .  The L .  g r a y i  *H* 

a n t i s e r u m ,  h o w e v e r ,  was s p e c i f i c  ( s e e  TABLE 2 6 ) .  A f t e r  a b s 

o r p t i o n  w i t h  L. g r a y i  *0* a n t i g e n s ,  t h e  *H* a n t i s e r u m  ( d i l u t e d  

1 i n  1 w i t h  s a l i n e )  r e a c t e d  w i t h  L. g r a y i  and L. m u r r a y i  *H*

a n t i g e n s  t o  a t i t r e  o f  1 : 3 0 ,7 6 8 .  I n  c o m p a r i s o n ,  e x t r e m e l y

low t i t r e s  ( ^ 1  : 32) were o b t a i n e d  w i t h  t h e  L. m o no cy to g en e s  

•H* a n t i g e n s .  A l th o u g h  a t t e n q ) t s  were made t o  p r e p a r e  

m u r r a y i  *H* a n t i s e r u m ,  no s u c c e s s  was a c h e f v e d ,  w h ic h  may be 

due t o  a v a r i e t y  o f  r e a s o n s  -  p o o r  d e v e lo p m e n t  o f  f l a g e l l a e ,  

f a i l u r e  o f  t h e  r a b b i t  t o  r e a c t  t o  t h e  a n t i g e n s  e t c .  I t  would  

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

t h e  r e s u l t s  do d e m o n s t r a t e  t h e  p o s s e s s i o n  o f  a t  l e a s t  one 

a n t i g e n  i n  common. W elsh im er  and M e r e d i t h  (1971) r e p o r t e d  

t h a t  L . g r a y i  and L. m u r r a y i  p o s s e s s  *H* a n t i g e n s  i n  common 

w i t h  e a c h  o t h e r ,  b u t  n o t  w i t h  L. m ono cy tog en es  ( s e e  TABLES 35  

& 3 6 ) .  They a l s o  r e p o r t e d  a complex  m i x t u r e  o f  *0* a n t i g e n s  

s h a r e d  and u n s h a r e d  by  a l l  t h e  L. g r a y i  and L . m u r r a y i  s t r a i n s



TABLE 3 5 .  A g g l u t i n a t i o n  t e s t s  w i t h  d i f f e r e n t  *0* and *H* 

a n t i g e n  s u s p e n s i o n s , a n d  a n t i s e r a  t o  two s t r a i n s  o f  L . m u r r a y i  

(ATCC 25401 (G44) and 25403 ( G 4 6 ) ) ,  b a s e d  upon  W elsh im er  and 

M e r e d i t h  ( 1 9 7 1 ) .

T e s t  A n t i g e n s

a) *H* a n t i g e n s

L. m on o cy to g en e s  
s e r o t y p e  1

2
4b

L. g r a y i

ATCC 25400

L . m u r r a y i

ATCC 25401 
ATCC 25402 
ATCC 25403

b) *0 * a n t i g e n s

L. m o n ocy to g en e s  
s e r o t y p e  1 

" 2
4À

" 4b

L. g r a y i
ATCC 25400

L. m u r r a y i  
ATCC 25401 
ATCC 25402 
ATCC 25403

T i t r e  O b t a in e d
ATCC 25401 ATCC 25403

*
'H '  a n t i s e r a

0
0
0

1 ,2 8 0

1 0 .2 4 0

1 0 .2 4 0
1 0 .2 4 0
1 0 .2 4 0

0
320
20

0

1 ,2 8 0
1 ,2 8 0

1 ,2 8 0
1 ,2 8 0
1 ,2 8 0

0
0
0

2 0 .4 8 0

2 0 .4 8 0

1 0 .2 4 0  
5 ,1 2 0

1 0 .2 4 0

O' a n t i s e r a

0
320
20

0
1 ,2 8 0
2 .5 6 0

1 ,2 8 9
2 .5 6 0
2 .5 6 0

* T hese  a n t i s e r a  have  h e e n  a b so rh e d  w i t h  t h e i r  hom ologous  

'O '  a n t i g e n s  p r i o r  t o  p e r f o r m i n g  t h e  t e s t s .
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TABLE 36. *H* a n t i g e n  p a t t e r n s  o f  L. g r a y i  (ATCC 19120 and 

25400 (G47)) and L. m u r r a y i  (ATGC 25401 (G 44) ,  25402 (G45) 

and 25403 ( 0 4 6 ) ) ,  Based  on  W elsh im er  and M e r e d i t h  ( 1 9 7 1 ) .

•H* A n t i g e n s  L . g r a y i  L . g r a y i  (047) L , m u r r a y i

ATCC 19120 ATCC 25400 (a l l  3 s t r a i n s )

H

F ,  0 and H -  d e s i g n a t i o n  o f  W e lsh im er  and M e r e d i t h  ( 1 9 7 1 ) .
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t e s t e d .  *0* a n t i s e r a  a g a i n s t  two s t r a i n s  o f  L.  m u r r a y i  

r e a c t e d  w i t h  L.  m onocy tog en es  s e r o t y p e s  3 and 4a  a t  low d i l 

u t i o n s  ( s e e  TABLE 3 5  ) .  These  low  l e v e l  r e a c t i o n s  w i t h  L̂ , 

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

s e n t  s t u d y  -  when L.  g r a y i  and L. m u r r a y i  were  t e s t e d  a g a i n s t  

L. m onocy to genes  a n t i s e r a  low l e v e l  r e a c t i o n s  were  o b t a i n 

ed which  were  removed when t h e  a n t i s e r u m  was a b s o r b e d  w i t h  t h e  

homologous *0 * a n t i g e n s ;  s u g g e s t i n g  some v e r y  low  l e v e l  o f  

a n t i g e n i c  s i m i l a r i t y .

L.  d e n i t r i f i c ans  showed no *0* a n t i g e n i c  s i m i l a r i t y  t o  

any o f  t h e  o t h e r  s t r a i n s  o f  L i s t e r i a ,  n o r  d i d  i t  r e a c t  w i t h  

any o f  t h e  a b s o r b e d  *H* a n t i s e r a  p r o d u c e d  a g a i n s t  them . Un

f o r t u n a t e l y ,  i t  p r o v e d  i m p o s s i b l e  t o  p r e p a r e  any *H* a n t i s e r a  

a g a i n s t  L.  d e n i t r i f i c a n s ; s t u d i e s  w i t h  s u c h  a n t i s e r a  may p o s s 

i b l y  have  h e l p e d  t o  c l a r i f y  t h e  p o s i t i o n .  W elsh im er  and 

M e r e d i t h  (1971) a l s o  fo u n d  a c o n s i s t e  l a c k  o f  common a n t i g e n s  

b e tw e e n  L. d e n i t r i f i c a n s  and t h e  o t h e r  s p e c i e s  o f  L i s t e r i a ,  

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

s u g g e s t i o n  (page  146) t h a t  L. d e n i t r i f i c a n s  i s  n o t  a t r u e  

member o f  t h e  genu s  L i s t e r i a .

The s t r a i n  Gl r e c e i v e d  as  L. d e n i t r i f i c a n s , w h ich  f e l l  

w i t h i n  t h e  L.  m ono cy to genes  c l u s t e r  ( l A l )  i n  t h e  n u m e r i c a l  

tax o n o m ic  s u r v e y ,  showed no *0 * a n t i g e n s  i n  common w i t h  L̂ , 

d e n i t r i f i c a n s , L. m u r r a y i  o r  L. g r a y i .  b u t  d i d  r e a c t  w i t h  L_. 

m on ocy togenes  s e r o t y p e  3a a n t i s e r a .  I t  was a l s o  t e s t e d  a g a i n 

s t  t h e  f i v e  L i s t e r i a  *H* a n t i s e r a  ( a f t e r  a b s o r p t i o n  w i t h  t h e i r  

homologous *0* a n t i g e n s )  by s l i d e  a g g l u t i n a t i o n .  No r e a c t i o n  

was o b s e r v e d  w i t h  t h e  L .  g r a y i  *H* a n t i s e r u m ,  b u t  t h e  c e l l s  

were a g g l u t i n a t e d  by a l l  f o u r  L.  m o no cy to genes  *H* a n t i s e r a .
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These r e s u l t s  a l l  s u p p o r t  t h e  r e n a m in g  o f  s t r a i n  Gl as  

m o n o c y to g e n e s , n o t  L*. d e n i t r i f i c a n s .

F o r  r e a s o n s  s t a t e d  e a r l i e r ,  HCl e x t r a c t s  o f  a  r e p r e s e n t 

a t i v e  o f  e a c h  o f  t h e  t h r e e  g r o u p s  o f  b a c t e r i a  d e s c r i b e d  by 

T h o r n l e y  and S h a rp e  (1959) were  t e s t e d  a g a i n s t  a l l  t h e  L i s t e r i a  

*0 * a n t i g e n s ,  no p o s i t i v e  r e a c t i o n s  were  p r o d u c e d .  A l s o ,  t h e  

r e p r e s e n t a t i v e  o f  TS I I I  was t e s t e d  by  s l i d e  a g g l u t i n a t i o n  

a g a i n s t  a l l  o f  t h e  L i s t e r i a  *H* a n t i s e r a  ( a f t e r  t h e y  had  b e e n  

a b s o r b e d  w i t h  t h e i r  homologous *0 * a n t i g e n s ) ,  and a g a i n  no 

p o s i t i v e  r e a c t i o n s  were  o b s e r v e d .  T hese  r e s u l t s  s u p p o r t  t h e  

c o n c l u s i o n s  f rom  t h e  d i s c u s s i o n  o f  t h e  n u m e r i c a l  t a x o n o m ic  

s t u d y ,  t h a t  t h e s e  b a c t e r i a  show some s i m i l a r i t y  t o  t h e  L i s t e r i a  

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

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

The s e r o t y p e s  o f  14 o f  t h e  s t r a i n s  o f  L.  m o n o cy to g en e s  

( c l u s t e r  lA l )  were  known ( s e e  TABLE 3 7 ) .  T h e i r  d i s t r i b u t i o n  

i n  t h e  v a r i o u s  d en d ro g ra m s  p r o d u c e d  i n  t h e  n u m e r i c a l  t a x o n o m ic  

s t u d y  was i n v e s t i g a t e d ,  i n  o r d e r  t o  a s c e r t a i n  w h e t h e r  t h e r e  

was a  r e l a t i o n s h i p  b e tw e e n  t h e  s e r o l o g i c a l  t y p e s  o f  L .  monocy

t o g e n e s  and t h e  p h y s i o l o g i c a l  g r o u p i n g s  ( s e e  F i g u r e  13 ) .  No 

su c h  r e l a t i o n s h i p  c o u l d  be fo u n d .

HCl e x t r a c t s  o f  t h e  37 s t r a i n s  i n  c l u s t e r  IA3 ( F i g u r e  2 ) 

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

r i a  s e r o t y p e s  i n  t h e  p r e s e n t  s t u d y .  The r e s u l t s  ( s e e  TABLE 24) 

d i d  n o t  i n d i c a t e  any r e l a t i o n s h i p  b e tw e e n  s e r o l o g i c a l  t y p e s  and 

n u m e r i c a l  t a x o n o m ic  c l u s t e r s .  The r e s u l t s  d i d ,  h o w e v e r ,  i n d i c 

a t e  t h a t  some s t r a i n s  were  more a n t i  g e n i c  a l l  y  a c t i v e ,  some 

r e a c t i n g  s t r o n g l y  w i t h  a l l  f o u r  *0 * a n t i s e r a ,  o t h e r s  r e a c t i n g  

w e a k ly  w i t h  one o r  tw o ,  and o t h e r s  f a i l i n g  t o  r e a c t  a t  a l l .
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TABLE 3 7 .  S e r o l o g i c a l  t y p e s  o f  t h e  14 s t r a i n s  o f  L. 

m onocyogenes  o f  w h ic h  t h e  s e r o t y p e  was known.

S t r a i n  No.

G 5 

G 6 

G 7 

G 10 

G 11 

G 12 

G 13 

G 14 

G 17 

G 22 

G 24 

G 29 

G 30 

G 32

l a

S e r o l o g i c a l  T ypes .

3a 4a  4h
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F i g u r e  13 , Dendrogram o f  t he  L,  monocy togenes  c l u s t e r  ( l Al )

as o h t a i ne d i n  t l ie p r e s e n t  n u m e r i c a l  t axonomic  s t u d y  ( s e e  

F i g u r e  2 . )  showing t he  s o r o l o g i c a l  t y p e s  where  known.

6 0 70
^^GOWER 

80 90 100

4b
4b
4a

4a

- I

3a

A -
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A l l  t h e  e v i d e n c e  t h a t  we were a h l e  t o  o b t a i n ,  t h e r e f o r e ,  

i n d i c a t e s  t h a t  s e r o t y p e s  w i t h i n  t h e  s p e c i e s  L, m o n o cy to g en e s  

a r e  n o t  l i n k e d  t o  p h y s i o l o g i c a l  t y p e s .  T hese  r e s u l t s  a r e  

s u p p o r t e d  hy  t h e  work o f  S t u a r t  and P e a s e  (1972)  who a l s o  

fo u n d  no c o r r e l a t i o n .

I t  a p p e a r s  t h a t  c l u s t e r  lA i s  d i s t i n c t  f rom  c l u s t e r s  

IB and IC ( s e e  F i g u r e  2 ) ,  h u t  t h e  d i v i s i o n  b e tw e e n  t h e s e  two 

l a t t e r  c l u s t e r s  may be a r t i f i c i a l  ( s e e  S n e a t h  and Jo h n s o n  

( 1 9 7 2 ) ) ,  W i t h i n  t h e  IB -IC  g r o u p i n g ,  h o w e v e r ,  t h e r e  a r e  14 

c l u s t e r s  o b v i o u s l y  w a r r a n t i n g  t a x o n o m ic  r a n k .  The a r t  o f  

taxonomy i s  a s u b j e c t i v e  p r o c e ^ d u r e  and a l l  t h e  g r o u p s  w i t h i n  

c l u s t e r s  IB and IC a r e  w o r th y  o f  i n d i v i d u a l  d i s c u s s i o n ,

E r y s i p e l o t h r i x  r h u s i o p a t h i a e  ( c l u s t e r  IC14) a p p e a r s  t o  be 

a d i s t i n c t ,  homogeneous s p e c i e s ;  t h e  o v e r a l l  s i m i l a r i t y  o f  t h e  

s t r a i n s  i s  90% and no c l e a r  s u b d i v i s i o n s  c a n  be o b s e r v e d  w i t h 

i n  t h e  c l u s t e r .  No c l o s e  t ax o n o m ic  r e l a t i o n s h i p  t o  L i s t e r i a  

i s  i n d i c a t e d ,  t h e  s i m i l a r i t y  b e tw e e n  t h e s e  two g e n e r a  b e i n g  

no g r e a t e r  t h a n  t h a t  shown by e i t h e r  o f  them t o  t h e  v a r i o u s  

members o f  t h e  L a c t o b a c i l l a c e a e  o r  t o  M, th e rm o s p h a c tu m .

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

S t u a r t  and P e a s e  ( 1 9 7 2 ) ,  i n d i c a t e  t h a t  L i s t e r i a  and E r y s i n e l -  

o t h r i x  a r e  two s e p a r a t e  g e n e r a ,  p o s s i b l y  w i t h i n  t h e  same fam* 

i l y ,  n o t  two s p e c i e s  o f  t h e  same g e n u s ,

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

s h i p  (78-80% S) t o  t h e  b a c t e r i a  a t  p r e s e n t  r e f e r r e d  t o  as  

G e m e l la  h a e m o ly s a n s  and B a c t e r i u m  e u r y d i c e , a s  w e l l  a s  t o  t h e  

s t r e p t o c o c c i  o f  s e r o l o g i c a l  g r o u p s  F ,  K, M and 0 and S ,  s u i s  

( c l u s t e r s  ICIO and I C l l ) ,  I t s  s i m i l a r i t y  t o  t h e  o t h e r  members 

o f  t h e  f a m i l y  L a c t o b a c i l l a c e a e , L i s t e r i a  and M i c r o b a c t e r i u m
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t h e rm o sp h actum  i s  a t  l e a s t  72% S ,  w h e r e a s  t h e  g ro u p  shows a 

much l o w e r  s i m i l a r i t y  t o  t h e  members o f  t h e  f a m i l y  C o r y n e b a c t -  

e r i a c e a e  i n c l u d e d  i n  c l u s t e r  I I ,  C l e a r l y  t h e s e  r e s u l t s  su p p 

o r t  t h e  v iew s  o f  D a v i s ,  Fomin,  W i l s o n  and Newton (1969)  and 

S t u a r t  and P e a s e  (1972)  who s u g g e s t e d  t h a t  E r y s i p e l o t h r i x  

was morec c l o s e l y  r e l a t e d  t o  t h e  L a c t b  a c i l l  ace  ae t h a n  t h e  

C o r y n e b a c t e r i a c e a e , The f a c t  t h a t  E r y s i p e l o t h r i x  p r o d u c e s  

l a c t i c  a c i d ,  i s  c a t a l a s e  and cy to c h ro m e  n e g a t i v e ,  l a c k s  

" c o r y n e f o r m ” m orph o log y  and h a s  a  DNA b a s e  r a t i o  o f  38 t o  40 

moles% GC ( F lo s s m a n n  and E r l e r  ( 1 9 7 2 ) )  i n d i c a t e s  t h a t  i t s  

c o r r e c t  tax o n o m ic  p o s i t i o n  i s  i n  t h e  L a c t o b a c i l l a c e a e . and 

t h a t  i s  where  t h e  p r e s e n t  s u r v e y  h a s  p l a c e d  i t l

M i c r o b a c t e r i u m  th e rm o sn h a c tu m  fo rm ed  a t i g h t  c l u s t e r  

( IB12) a t  90% S i n  w h ich  no c l e a r  i n t e r n a l ^ t r u e t u r e  was o b s 

e r v e d ,  i n d i c a t i n g  t h a t  M, t h e r m o s p h a c tu m  i s  a  t i g h t ,  homogen

e o u s  s p e c i e s .  I t s  c l o s e s t  s i m i l a r i t y  was t o  t h e  t h i r d  

L a c t o b a c i l l u s  c l u s t e r  ( I B 6-  w h ich  c o n t a i n e d  r e p r e s e n t a t i v e s  

o f  t h e  s p e c i e s  L,  c a s e i . L, n i a n t arum and L, s a l i v a r i u s ) and 

t o  t h e  d i s t i n c t  c l u s t e r  fo rm ed  by s t r a i n s  o f  L,  m a l i  ( I B 7 ) ,

M, t h e rm o s p h a c tu m  e x h i b i t e d  a much c l o s e r  r e l a t i o n s h i p  t o  t h e  

members o f  t h e  f a m i l y  L a c t o b a c i l l a c e a e , L i s t e r i a  and E_, 

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

Many c h a r a c t e r i s t i c s  o f  M, t h e r m o s n h a c tu m  c l o s e l y  r e s e m b l e  

t h o s e  o f  t h e  L a c t o b a c i l l a c e a e , I t s  DNA b a s e  r a t i o  o f  36 m o le s  

% GC i s  v e r y  s i m i l a r  t o  t h a t  o f  t h e  s t r e p t o c o c c i  and some o f  

t h e  l a c t o b a c i l l i  ( s e e  TABLE 3 9 ) ,  i t  p r o d u c e s  l a c t i c  a c i d  

(McLean and S u l z b a c h e r  (1953) and g r o u p s  w i t h  t h e  members o f  

t h e  L a c to b  a c i l l a c e  ae b o t h  i n  t h i s  s t u d y  and i n  a s t u d y  by  

D a v i s ,  Fomin, W i l s o n  and Newton ( 1 9 6 9 ) ,
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The m ain  c h a r a c t e r i s t i c s  w h ich  have  a lw ays  b e e n  q u o t e d  

as j u s t i f i c a t i o n  f o r  n o t  -p la c in g  M, t h e r m o s n h a c tu m  i n  th e  

L a c t o b a c i l l a c e a e  a re  i t s  p r o d u c t i o n  o f  c a t a l a s e  and c y t o c h r o 

mes.  I t  h a s  b e e n  shown, h o w e v e r ,  t h a t  some members o f  t h e  

f a m i l y  L a c t o b a c i l l a c e a e  do p r o d u c e  c a t a l a s e ,  b o t h  t h e  s o - c a l l e d  

p s e u d o c a t a l a s e  and t h e  c l a s s i c a l  c a t a l a s e  w hich  c o n t a i n s  haem 

(D acre  and S h a rp e  ( 1 9 5 6 ) ,  Va&kova (1957)  and W h i t t e n b u r y  (1964)L 

I t  d o e s  n o t ,  t h e r e f o r e ,  seem j u s t i f i a b l e  t o  e x c l u d e  M. t h e r m -  

o sp h a c tu m  from t h e  L a c t o b a c i l l a c e a e  o n  t h e  b a s i s  o f  t h i s  

c h a r a c t e r .

L a c t o b a c i l l u s  s t r a i n s  fo rm ed  f o u r  s e p a r a t e  c l u s t e r s  i n  

t h e  p r e s e n t  s t u d y ,  o f  t h e s e ,  one ( I B 7) c o n t a i n e d  r e p r e s e n t a t 

i v e s  o f  t h e  s p e c i e s  L. m a l i . w h i l e  t h e  o t h e r  t h r e e  c o r r e s p o n 

ded c l o s e l y  t o  t h e  t h r e e  s u b g e n e r a  p r o p o s e d  by  O r l a - J e n s e n  

( 1 9 1 9 ) .  The g r o u p i n g s  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y ,  t h o s e  

o f  O r l a - J e n s e n  (1919)  and t h e  e x t e n d e d  v e r s i o n  p r o d u c e d  by  

R o g o sa  and S ha rp e  (1959)  a r e  com pared  i n  TABLE 3 8  .

The m ain  d i f f e r e n c e s  b e tw e e n  t h e  g r o u p i n g s  o b t a i n e d  i n  

t h e  p r e s e n t  s t u d y  and t h o s e  g e n e r a l l y  a c c e p t e d ,  a r e  t h e  p o s 

i t i o n s  o f  L. l e i c h m a n n i i , L. s a l i v a r i u s  v a r  s a l i v a r i u s  and 

L. s a l i v a r i u s  v a r  s a l i c i n i u s . The two s u b - s p e c i e s  o f  L .  

s a l i v a r i u s  were p l a c e d  i n  t h e  su b g e n u s  T h e rm o b a c te r iu m  by  

R o g o s a  and S h a rp e  ( 1 9 5 9 ) ,  b u t  f a l l  i n  t h e  su b g e n u s  S t r e p t o -  

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

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

T h e r m o b a c te r i u m . I t  i s  a l s o  i n t e r e s t i n g  t o  n o t e  t h a t  li .  

a c i d o p h i l u s  b i o t y p e  I  (G61) i s  a t t a c h e d  a t  a  f a i r l y  low  l e v e l  

o f  s i m i l a r i t y  (76% S) t o  c l u s t e r s  IC4 and IC5 and d o e s  n o t  

show a c l o s e  r e l a t i o n s h i p  t o  L,  a c i d o p h i l u s  (G60) i n  t h e



TABLE 3 8 . C o m p ar i so n  o f  t h e  g r o u p i n g s  w i t h i n  t h e  genus  

L a c t o b a c i l l u s ,  a s  r e c o g n i s e d  hy  O r l a - J e n s e n  (1919)  and 

e x t e n d e d  by  R og o sa  and S h a rp e  (1959)  w i t h  t h o s e  fo rm ed 

i n  t h e  p r e s e n t  s t u d y .
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O r l a - J e n s e n

a) T h e rm o b a c te r iu m .  

T i l a c t i s

T . b u l g a r i c u m  

T . h e l v e t i c u m  

T . j o g u r t

T . c e r e a l e

b) B e t a b a c t e r i u m  

B . b r e v e  

B , f e rm e ntum 

B . lo n g u m  

B , c a u c a s i c u m

R o g o sa  and S h a rp e

L . l a c t i s  

L . b u l g a r i c u s  

L . h e l v e t i eu s  

L . j o g u r t i  

L . a c i d o p h i l u s  

L . d e l b r u e c k i i  

L . l e i c h m a n n i i  

L . s a l i v a r i u s  v a r  

s a l i v a r i u s  

L . s a l i v a r i u s  v a r  

s a l i c i n i u s

L . b r e v i s  

L.  f e rm e n t i

L . b u c h n e r i  

L . c e l l o b i o s u s  

L . v i r i d e s c e ns

P r e s e n t  s t u d y

L . l a c t i s  

L k b u l g a r i c u s  

L . h e l v e t i c u s  

L . j u g u r t  

L . a c i d o p h i l u s  

L . d e l b r u e c k i i

L . b r e v i s  

L . f e r m e ntum

L . b u c h n e r i

L . c e l l o b i o s u s

L . l e i c h m a n n i i



table 38  (co n tin u ed ).
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O r l a - J e n s e n R o g o sa  and S h a rp e  P r e s e n t  s t u d y

c) S t r e p t o h a c t e r i u m

S . c a s e i  L . c a s e i

S .  p i  a n t  arum L . p l a n t a r u m

L . c a s e i

L . c a s e i  s u h s p .  
rham nosus

L . p l a n t a r u m

L . s a l i v a r i u s  v a r . *  
s a l i v a r i u s

L . s a l i v a r i u s  v a r . *  
s a l i c i n i u s

* s t r a i n s  w h ich  d i d  n o t  show th e  a c c e p t e d  g r o u p i n g  

i n  th e  p r e s e n t  s t u d y .
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p r e s e n t  s t u d y .  C l e a r l y ,  s i n c e  o n l y  one r e p r e s e n t a t i v e  o f  

m ost  s p e c i e s  was i n c l u d e d ,  and t e s t s  were  n o t  s e l e c t e d  s p e c 

i f i c a l l y  f o r  t h e  d i f f e r e n t i a t i o n  o f  t h e  l a c t o b a c i l l i ,  u n e q u i 

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

c l u d e d  as  m a r k e r s .  C o n s i d e r i n g  t h e  l i m i t a t i o n s ,  t h e r e f o r e ,  

a g re e m e n t  b e tw e e n  t h e  s e t s  o f  g r o u p i n g s  was good .

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  h e t e r o f e r m e n t a t i v e  

s u b g e n u s , B e t a b a c t e r i u m . and t h e  h o m o f e r m e n t a t i v e  s u b g e n u s .

T h e rm o b a c te r iu m ,  ( c l u s t e r s  IC4 and IC5) showed a c l o s e r  r e l a 

t i o n s h i p  t o  e a c h  o t h e r  (80% S) t h a n  t o  t h e  o t h e r  ho m ofe rm en t 

a t i v e  s u b g e n u s ,  S t r e p  t o b  ac t e  r i u m  ( I B 6 ) .  T h i s  l a t t e r  su b g e n u s  

i i ^ a c t )  c l u s t e r e d  i n  a  d i f f e r e n t  s u b g r o u p  o f  c l u s t e r  I  (IB) 

f rom t h e  o t h e r  two s u b g e n e r a  ( I C ) , and showed i t s  c l o s e s t  

s i m i l a r i t y  (77 -  79% S) t o  t h e  L. m a l i  c l u s t e r  ( IB7) and t o  

M. th e rm o s p h a c tu m  ( I B 1 2 ) .  S i n c e  t h e  s i m i l a r i t y  l e v e l s  b e t 

ween c l u s t e r s  IB and IC ,  and b e tw e e n  t h e i r  component  c l u s t e r s  

were so  c l o s e  ( F i g u r e  2 ) ,  l i t t l e  e m p h a s i s  c a n  be p l a c e d  upon  

t h i s  s e p a r a t i o n  o f  t h e  L a c t o b a c i l l u s  s u b g r o u p s .

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

w i t h  t h e  g r o u p i n g s  o f  O r l a - J e n s e n  (1919)  and t h e  e x t e n d e d  

g r o u p i n g s  o f  R o g o sa  and S h a rp e  ( 1 9 5 9 ) ,  and a l s o  i n d i c a t e  a 

c l o s e  r e l a t i o n s h i p  b e tw e e n  t h e  l a c t o b a c i l l i  and s t r a i n s  o f

B. e u r y d i c e . E r y s i p e l o t h r i x  ̂G e m e l la  h a e m o l y s a n s , M. t h e r m o s 

ph  ac tum  and ,  o f  c o u r s e .  S t r e p t o c o c c u s .

The p o s i t i o n  o f  t h e  t h r e e  s t r a i n s  o f  L .  m a l i  i s o l a t e d  

by C a r r  and D a v ie s  (1970)  f rom  c i d e r ,  i s  u n c l e a r .  They 

form  a t i g h t  c l u s t e r  (95% S) and g ro u p  i n  t h e  r e g i o n  o f  t h e  

c l u s t e r s  o f  M. th e rm o sp h a c tu m  (IB12)  , L a c t o b a c i l l u s  su b g e n u s  

S t r e p  t o b  a c t e  r i u m  ( I B 6 ) and P r o p i o n i b  a c t e  r i u m  ( I B 1 6 ) ,  t h e i r
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c l a s s i f i c a t i o n  i n  t h e  genu s  L a c t o b a c i l l u s , t h e r e f o r e ,  i s  

p r o b a b l y  c o r r e c t .

S t r e p t o c o c c u s  s t r a i n s  fo rm ed  f i v e  c l u s t e r s  i n  t h e  p r e s 

e n t  s t u d y ,  one (IC9) c o n t a i n e d  3 s t r a i n s  f ro m  s e r o l o g i c a l  

g r o u p s  F and K, a n o t h e r  ( IClO) c o n t a i n e d  one s t r a i n  o f  S . s u i s  

(GI4I -  E l l i o t  ( 1 9 6 6 ) ,  s t r a i n  PM 1) and one s t r a i n  e a c h  from 

s e r o l o g i c a l  g r o u p s  0 and M, w h i l e  c l u s t e r  I C l l  c o n t a i n e d  t h e  

r e m a i n i n g  5 s t r a i n s  o f  S.  s u i s . The o t h e r  two c l u s t e r s  (IBS 

and IB 9 ) c o n t a i n e d  t h e  m a j o r i t y  o f  t h e  S t r e p t o c o c c u s  s t r a i n s .  

The i n t e r n a l  a r r a n g e m e n t  o f  t h e s e  two l a t t e r  g r o u p s  shows an 

i n t e r e s t i n g  a g re e m e n t  w i t h  t h e  g r o u p s  o f  She rm an  ( 1 9 3 7 ) ;  t h e  

g r o u p i n g s  a r e  compared  w i t h  S he rm an ’■a d i v i s i o n s  i n  F i g u r e  14 . 

The s t r a i n  o f  S .  d u r  ans  (G124) , S h e r m a n ' s  98D, t h e  t y p e  s t r 

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

l o o s e l y  t o  S.  l a c t i s  ( s e r o l o g i c a l  g ro u p  N ) . I n  t h e  s t u d y  

o f  J o n e s ,  S a c k i n  and S n e a t h  (1972)  t h i s  s t r a i n  c l u s t e r e d  on  

t h e  v e r y  edge  o f  t h e  S . d u r a n s  g r o u p ,  p e r h a p s  one o f  t h e i r  

more c e n t r a l  s t r a i n s  would  have  c l u s t e r e d  more c l o s e l y  w i t h  

t h e  Group D s t r e p t o c o c c i  i n  t h e  p r e s e n t  s t u d y .  The o t h e r  

members o f  t h e  e n t e r o c o c c u s  g ro u p  fo rm  a t i g h t  c l u s t e r ,  

j o i n e d  by  t h e  two g ro up  D " v i r i d a n s "  s p e c i e s ,  S .  b o v i s  and 

S .  e q u i n i s , and t h i s  c l u s t e r  i s  t h e n  j o i n e d  by  t h e  r e m a i n i n g  

s t r e p t o c o c c i  w i t h i n  t h e s e  c l u s t e r s  ( r e p r e s e n t a t i v e s  o f  t h e  

p y o g e n i c  and l a c t i c  g roups ,  p l u s  S.  d u r a n s ) . The g r o u p i n g  o f  

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

S . d u r a n s  and t h e  one l a c t i c  S t r e p t o c o c c u s , S .  l a c t i s .  I n  

v iew  o f  t h e  f a c t  t h a t  e a c h  s p e c i e s  o f  S t r e p t o c o c c u s  was o n l y  

r e p r e s e n t e d  by  a s i n g l e  s t r a i n  ( e x c e p t  S .  s u i s )  t h e  ag reem e

n t  w h ich  t h e s e  r e s u l t s  show w i t h  t h o s e  o f  Sherm an  ( 1 9 3 7 ) ,
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F i g u r e  14 , A C om par ison  o f  t h e  g r o u p i n g s  o b t a i n e d  i n  t h e

p r e s e n t  n u m e r i c a l  t ax o n om ic  s t u d y  w i t h  t h o s e  o f  Sherman ( 1 9 3 7 ) .

Sherman* s 
g r o u p s , +

G No, B a c t e r i u m

100

126 S , f a e c iu m Ü -

125 S , f a e c a l i s D -

E n t e r o  127 S . l i q u i f a c i e n s D -

c o c c u s  , 128 S , zymogenes D -

*134 S , avium Q -

®138 S t r e p ,  s p .

123 S , b o v i s D -
V i r i d a n s ,

140 S , e q u i n i s D -
E n t e r o  124 S , d u r a n s D -c o c c u s  ,
L a c t i c , 136 S , l a c t i s N -

131 S t r e p ,  s p . G -

132 S t r e p ,  s p . H -

120 S .p y o g e n e s A -
P y o g e n i c ,

122 S , e q u i c -

129 S t r e p ,  s p . E -

121 S , a g a l a c t i a e B -

N u m e r ic a l  Taxonomic 
G r o u p i n g s ,

85i l l
' G O W E R  

90 IP

+ B a sed  upon  S h a r p e ,  F r y e r  and Sm i th  ( 1 9 6 6 ) ,

* T h i s  s p e c i e s  was p l a c e d  i n  t h e  E n t e r o c o c c u s  g rou p  by 

Nowlan and D e i b e l  ( 1 9 6 7 ) ,

o S e r o l o g i c a l  g roup  unknown.



S h a r p e ,  F r y e r  and Sm ith  (1966) and J o n e s ,  S a c k i n  and S n e a th  

(1972) i s  m os t  n o t a b l e .

G e m el la  h a e m o ly s a n s  (3 s t r a i n s )  and t h e  one s t r a i n s  r e c 

e i v e d  a s  N e i s s e r i a  h a e m o ly s a n s ,  fo rm ed  a t i g h t  c l u s t e r  ( IC IS)  

a t  92% S ,  w h ich  was c l e a r l y  d i s t i n c t  f rom  t h e  o t h e r  b a c t e r i a  

i n  t h e  s u r v e y .  I t ,  t h e r e f o r e ,  a p p e a r s  t h a t  G. h a e m o ly s a n s  i s  

a d i s t i n c t  homogeneous s p e c i e s .  I t s  c l o s e s t  r e l a t i o n s h i p  was 

t o  E r y s i p e l o t h r i x , B a c t e r i u m  e u r y d i c e .  S t r e p t o c o c c u s  c l u s t e r  

ICIO and S.  s u i s , and i t  c l e a r l y  f e l l  w i t h i n  t h e  " l a c t i c *  

a r e a .  R eyn  (1969 and 1970) and R e yn ,  B i r c h - A n d e r s e n  and 

B e r g e r  (1970) s u g g e s t e d  t h a t  G. h a e m o ly s a n s  s h o u l d  be r e c l a s s 

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

w a l l ,  i n t e r n a l  s t r u c t u r e  and mode o f  d i v i s i o n  were  a l l  t y p i c a l  

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

s h o u l d  p r o b a b l y  be t h e  L a c t o b a c i l l a c e a e , i n  t h e  t r i b e  S t r e p t -  

o c o c c e a e . I t s  DNA b a s e  r a t i o  o f  3 3 .5  moles% GC i s  c o m p a t i b l e  

w i t h  th e  3 3 .5  -  42 moles% GC r e p o r t e d  f o r  th e  g e n u s  S t r e p t o 

c o c c u s  ( s e e  TABLE 3 9  ) ,  a s  a r e  i t s  c o c c a l  form and p h y s i o l o g 

i c a l  and b i o c h e m i c a l  c h a r a c t e r i s t i c s .  The r e s u l t s  o f  t h e  

p r e s e n t  s t u d y ,  t h e r e f o r e ,  s u b s t a n t i a t e  t h e  s u g g e s t i o n  by  Reyn 

(1969  and 1970) and Reyn ,  B i r c h - A n d e r s e n  and B e r g e r  (1970) 

t h a t  G e m e l la  h a e m o ly s a n s  s h o u l d  be t r a n s f e r e d  t o  t h e  t r i b e  

S t r e p t o c o c c e a e , and i t s  l a c k  o f  c a t a l a s e  and c y to c h r o m e s  i s  

a l s o  c o n s i s t e n t  w i t h  s u c h  a t r a n s f e r .

B a c t e r i u m  e u r y d i c e  was r e p r e s e n t e d  by t h r e e  s t r a i n s  

w h ic h  formed a t i g h t  c l u s t e r  ( I C I 9) a t  93% S ,  d i s t i n c t  f rom  

t h e  o t h e r  g r o u p s  w i t h i n  c l u s t e r  IC .  The g rou p  c l e a r l y  f e l l  

w i t h i n  t h e  " l a c t i c  ac id*  a r e a  and showed 77 -81% s i m i l a r i t y  

t o  G. h a e m o ly s a n s  ( I C 1 5 ) ,  E r y s i p e l o t h r i x  ( I C 1 4 ) ,  S .  s u i s
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( I C l l )  and one S t r e p t o c o c c u s  c l u s t e r  ( I C l O ) .  C l a s s i f i c a t i o n  

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

o f  t h i s  one s e t  o f  r e s u l t s ,  b u t  f u r t h e r  s u b s t a n t i a t i o n  o f  

t h i s  r e l a t i o n s h i p  would be a d v i s a b l e  b e f o r e  any recom m enda t 

i o n s  were made.

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

s p e c i e s  t o  f a l l  w i t h i n  t h e  ^ l a c t i c  group* ( c l u s t e r  I )  i n  t h i s  

s u r v e y ,  and i t  e x h i b i t e d  o v e r  80% s i m i l a r i t y  t o  B, e u r y d i c e .

I t  o b v i o u s l y  shows a c l o s e r  r e l a t i o n s h i p  t o  t h e  f a m i l y  L a c t o 

b a c i l l a c e a e  t h a n  t h e  f a m i l i e s  B r e v i b a c t e r i a c e a e  and C o ry n e b a c 

t e r i a c e a e  , and i t  would  be i n t e r e s t i n g  t o  i n v e s t i g a t e  i t s  

tax o n o m ic  p o s i t i o n  f u r t h e r .  L i t t l e  c a n  be d e d u c e d  on  th e  

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

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

t a x o n o m ic  p o s i t i o n .

P r o p i o n i b a c t e r i u m  was r e p r e s e n t e d  by s i n g l e  s t r a i n s  o f  

f o u r  o f  i t s  c o n s t i t u e n t  s p e c i e s .  They fo rm ed  a t i g h t  c l u s t e r  

(80% S) which  f e l l  w i t h i n  t h e  " l a c t i c *  g ro up  ( c l u s t e r ^ )  and 

e x h i b i t e d  a 73 -  75% s i m i l a r i t y  t o  t h e  o t h e r  members o f  t h e  

c l u s t e r ,  t h e  l a c t o b a c i l l i ,  s t r e p t o c o c c i .  L i s t e r i a , E r y s i p e l 

o t h r i x , M. th e rm o s p h a c tu m  and G e m e l la .  T h i s  s i m i l a r i t y  was 

h i g h e r  t h a n  t h a t  o b t a i n e d  by  S e y f r i e d  (1968) o f  62 -  63% 

s i m i l a r i t y  t o  t h e  g e n e r a  L a c t o b a c i l l u s  and S t r e p t o c o c c u s .  

However ,  S e y f r i e d  i n c l u d e d  o n l y  r e p r e s e n t a t i v e s  o f  t h e s e  t h r e e  

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

w e re  a l l  o f  e q u i v a l e n t  t a x o n o m ic  s t a t u s ,  n o t  n e c e s s a r i l y  w i t h 

i n  t h e  same f a m i l y .  C l e a r l y  P r o p  i  o n i b  ac t e r i u m , d e s p i t e  i t s  

p l e o m o r p h i c  n a t u r e ,  shows a g r e a t e r  r e s e m b l a n c e  t o  t h e  " l a c t i c *  

g ro u p  t h a n  t o  t h e  f a m i l y  C o r y n e b a c t e r i ace ae i n  t h e  p r e s e n t
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s t u d y ,  and l i t t l e  more c an  be d e d u ce d  f ro m  an i n v e s t i g a t i o n  

i n  w hich  th e  genu s  P r o p i o n i b a c t e r i u m  was r e p r e s e n t e d  by j u s t  

f o u r  s t r a i n s .

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

n u m e r i c a l  t ax o n o m ic  s t u d y .

The *0* a n t i s e r u m  p r o d u c e d  a g a i n s t  E. r h u s i o p a t h i a e  (G190) 

r e a c t e d  s t r o n g l y  by th e  r i n g  p r e c i p i t i n  t e s t  w i t h  t h e  homogen

e o u s  HCl e x . t r a c t ,  and v e r y  w e a k ly  w i t h  t h a t  o f  G49 S t r e p t o c o 

c c u s  s p .  ( s e r o l o g i c a l  g roup  P ) .  T h i s  l a t t e r  r e a c t i o n ,  u n l i k e  

t h e  homologous r e a c t i o n ,  c o u ld  n o t  be d e t e c t e d  by  d o u b le  g e l  

d i f f u s i o n ,  and was p r o b a b l y  a n o n - s p e c i f i c  c r o s s  r e a c t i o n .

The M. th e rm o sp h a c tu m  *0* a n t i s e r u m  r e a c t e d  s t r o n g l y  by  

t h e  r i n g  p r e c i p i t i n  t e s t  w i t h  t h e  hom ologous  HCl e x t r a c t ,  and 

p r o d u c e d  a v e r y  f a i n t  r i n g  w i t h  G135, S t r e p t o c o c c u s  s p .  

( s e r o l o g i c a l  g ro u p  M) a f t e r  1 h o u r .  T h i s  r e a c t i o n  a p p e a r e d  t o  

be  a weak ,  n o n - s p e c i f i c  c r o s s  r e a c t i o n  c o m p a ra b le  w i t h  t h a t  

o b s e r v e d  b e tw e e n  E r y s i p e l o t h r i x  and t h e  G49 HCl e x t r a c t .

The a n t i s e r u m  p r e p a r e d  a g a i n s t  G. h a e m o ly s a n s  (*0* a n t i 

serum) a l s o  r e a c t e d  s t r o n g l y  i n  t h e  r i n g  p r e c i p i t i n  t e s t  w i t h  

t h e  hom ologous  HCl e x t r a c t ,  and w e a k ly  w i t h  t h a t  o f  G135, 

S t r e p t o c o c c u s  s p .  s e r o l o g i c a l  g ro u p  M. By d o u b le  g e l  d i f f u s i o n  

t h e  hom ologous  r e a c t i o n  p r o d u c e d  an i n t e n s e  w h i t e  l i n e ,  b u t  no 

r e a c t i o n  was d e t e c t e d  a g a i n s t  t h e  G135 HCl e x t r a c t ,  w hich  

a g a i n  s u g g e s t e d  t h a t  a weak,  n o n - s p e c i f i c  c r o s s  r e a c t i o n  had  

o c c u r e d .

A p a r t  f rom  a few ,  weak,  p r o b a b l y  n o n - s p e c i f i c ,  c r o s s  r e a c 

t i o n s ,  t h e r e f o r e ,  E.  r h u s i o p a t h i a e , G. h a e m o ly s a n s  and M. t h e r 

mosphactum were fou n d  t o  p o s s e s s  *0* a n t i g e n s  s e r o l o g i c a l l y  

d i s t i n c t  f rom  t h o s e  o f  e a c h  o t h e r  and t h o s e  o f  a l l  t h e  o t h e r
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s t r a i n s  w hich  were  t e s t e d .

The two s t r a i n s  o f  L a c t o b a c i l l u s  w hich  were  t e s t e d ,  L. 

c a s e i  and L. b u l g a r i c u s ,  a l s o  a p p e a r e d  t o  be s e r o l o g i c a l l y  

d i s t i n c t .  L. b u l g a r i c u s  (G64) *0* a n t i s e r u m  r e a c t e d  s t r o n g l y  

w i t h  th e  hom ologous  HCl e x t r a c t  and w e a k ly  w i t h  t h a t  o f  G49, 

S t r e p t o c o c c u s  sp. ( s e r o l o g i c a l  g rou p  P ) ,  by  t h e  r i n g  p r e c i p i t i n  

t e s t .  By d o u b le  g e l  d i f f u s i o n  o n l y  th e  r e a c t i o n  w i t h  t h e  

hom ologous  HCl e x t r a c t  was d e t e c t e d .  The r e a c t i o n  w i t h  G49 

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

b e tw e e n  t h e  R. r h u s i o p a t h i a e  *0* a n t i s e rum and G49. L. c a s e i  

*0* a n t i s e r u m  r e a c t e d  by  th e  r i n g  p r e c i p i t i n  t e s t  w i t h  th e  

hom ologous  HCl e x t r a c t  and t h o s e  o f  G132 (S t r e p t o c o c c u s  s p .  

g ro u p  H ) , G168 (K u r t h i a  z o p f i i ) ,  G158 (C. p o i n s e t t i a e ) and 

G64 (L .  b u l g a r i c u s ) . By d o u b le  g e l  d i f f u s i o n  t h r e e  l i n e s  

were  o b s e r v e d  w i t h  th e  hom ologous  HCl e x t r a c t , t h e  f a i n t e r ,  

more c e n t r a l  l i n e  o f  w hich  was s h a r e d  w i t h  t h e  o t h e r  f o u r  

HCl e x t r a c t s  ( s e e  F i g u r e  ll ) .  T here  was i n s u f f i c i e n t  t im e  

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

e x c e p t  f o r  a n o n - s p e c i f i c  r e a c t i o n  w i t h  C. p o i n s e t t i a e , K. 

z o p f i i , L.  b u l g a r i c u s  and S t r e p t o c o c c u s  s p . ( g rou p  H) ,  L. c a s e i  

p o s s e s s e d  d i s t i n c t  *0* a n t i g e n s .

The *0* a n t i s e r u m  p r o d u c e d  a g a i n s t  K. z o p f i i  n o t  o n l y  

r e a c t e d  w i t h  t h e  homologous HCl e x t r a c t ,  u s i n g  t h e  r i n g  p r e c 

i p i t i n  t e s t ,  b u t  a l s o  w i t h  HCl e x t r a c t s  o f  L .m o n o c y to g e n e s  

t y p e  4a (G30) and C. p o i n s e t t i a e  (G158) .  The r e s u l t s  o f  t h e  

s u b s e q u e n t  d o u b le  g e l  d i f f u s i o n  t e s t s  were r a t h e r  u n e x p e c t e d  

( s e e  F i g u r e  ll  ) .  A l l  t h r e e  HCl e x t r a c t s  p r o d u c e d  an  i d e n t i c a l  

f a i n t  l i n e  w i t h  t h e  K. z o p f i i  *0* a n t i s e r u m ,  t h e  L.  m onocy to 

g e n e s  HCl e x t r a c t ,  ho w e v e r ,  p r o d u c e d  an i n t e n s e  l i n e ,  and C.
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p o i n s e t t i a e  a d i f f e r e n t ,  f a i n t e r  l i n e  i n  a d d i t i o n  t o  t h e  f i r s t  

l i n e .  There  was i n s u f f i c i e n t  t im e  a v a i l a b l e  f o r  t h e s e  r e a c t 

i o n s  t o  be i n v e s t i g a t e d  f u r t h e r  by  a b s o r p t i o n ,  b u t  t h e  o r i g i n 

a l  t e s t  b l e e d  ( p r i o r  t o  i n j e c t i o n )  o f  t h e  r a b b i t  f rom  w hich  

t h e  a n t i s e r u m  was o b t a i n e d ,  was t e s t e d  f o r  any r e a c t i o n s  w i t h  

L. m onocy to g enes  s e r o t y p e  4a (G30) and C. p o i n s e t t i a e  HCl e x t 

r a c t s .  No su c h  r e a c t i o n s  were f o u n d .  These  r e a c t i o n s  c o u ld  

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

r e p o r t e d  t o  be f a i r l y  common i n  Gram p o s i t i v e  b a c t e r i a ,  e . g . ,  

t h e  R a n tz  a n t i g e n  (Net e r ,  A nza i  and G o r z y n s k i  ( i 9 6 0 ) )  and t h e  

a n t i g e n  r e p o r t e d  by S t u a r t  and P e a s e  ( 1 9 7 2 ) .

The S t r e p t o c o c c u s  *0* a n t i s e r a ,  w i t h  t h e  e x c e p t i o n  o f  

t h o s e  p r o d u c e d  a g a i n s t  s e r o l o g i c a l  g ro u p s  B and L (G121 and 

G 4 8 ) , o n l y  r e a c t e d  w i t h  t h e i r  homologous HCl e x t r a c t s  and 

t h a t  o f  C. p o i n s e t t i a e . The *0* a n t i s e r u m  p r o d u c e d  a g a i n s t  

S .  a g a l a c t i a e  (G121) showed a v e r y  weak r e a c t i o n  w i t h  t h e  r e p 

r e s e n t a t i v e  o f  TS I I ,  a f t e r  30 m i n u t e s .  The a n t i s e r u m  a g a i n s t  

G48, a S t r e p t o c o c c u s  s p .  o f  s e r o l o g i c a l  g ro u p  L, p r o d u c e d  

weak r e a c t i o n s  w i t h  C. p o i n s e t t i a e  (G 1 5 8 ) , K. z o p f i i  (G 1 6 8 ) ,

L. b u l g a r i c u s  (G 6 4 ) , L i s t e r i a  g r a y i  (G 4 2 ) , L i s t e r i a  m u r r a y i  

(G44) and M. th e rm o sp h a c tu m  (G 1 0 4 ) , by  t h e  r i n g  p r e c i p i t i n  

t e s t .  These  HCl e x t r a c t s  were  t h e n  t e s t e d  a g a i n s t  t h e  a n t i 

se ru m  by  d o u b le  g e l  d i f f u s i o n ,  l i n e s  were o n l y  o b s e r v e d  f o r  

t h e  hom ologous  r e a c t i o n , , t h e  weak r e a c t i o n s  o b s e r v e d  by  th e  

r i n g  p r e c i p i t i n  t e s t  were  p r o b a b l y  weak,  n o n - s p e c i f i c  r e a c t 

i o n s .  A g a in ,  i t  was n o t  p o s s i b l e  t o  a b s o r b  t h e  a n t i s e r a ,  b u t  

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

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

t h e  s t u d y .
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Those b a c t e r i a  i n  t h e  s t u d y  w hich  were known t o  be mot

i l e ,  were t e s t e d  by s l i d e  a g g l u t i n a t i o n  w i t h  t h e  a b s o r b e d  

L i s t e r i a  a n t i s e r a  ( s e e  TABLES 26 and 28 ) .  No f l a g e l l a  

a n t i g e n i c  r e l a t i o n s h i p  c o u l d  be d e t e c t e d  b e tw e e n  L i s t e r i a  

(L. m o n ocy to g en es  s e r o t y p e s  l a ,  2 ,  3a  and 4a  and L. g r a y i )  

and C . p o i n s e t t i a e , K, z o p f i i , L a c t o b a c i l l u s  d e l b r u e c k i i . _S. 

f a e c a l i s  ( r e p r e s e n t i n g  t h e  s t r e p t o c o c c i  -  t h e  m a j o r i t y  o f  

w h ich  were  fo un d  t o  be m o t i l e  i n  t h e  p r e s e n t  s t u d y )  and TS I I I  

(shown t o  be m o t i l e  by  T h o r n l e y  and S h a rp e  (1959)  and Jo n e s  

( p e r s .  co m m .) ) .

The s e r o l o g i c a l  r e s u l t s ,  t h e r e f o r e ,  i n d i c a t e  t h a t  E^ 

r h u s i o p a t h i a e , G. h a e m o l y s a n s , M. t h e r m o s p h a c tu m , t h e  two 

s p e c i e s  o f  L a c t o b a c i l l u s  and t h e  s t r e p t o c o c c i  w h ich  were  t e s 

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

e r i c a l  t ax on o m ic  r e s u l t s .

C. p o i n s e t t i a e  HCl e x t r a c t s  e x h i b i t e d  a c o m p l e t e l y  non

s p e c i f i c  c r o s s  r e a c t i o n  w i t h  a l l  t h e  *0* a n t i s e r a  t e s t e d  i n  

t h e  p r e s e n t  s t u d y  (by t h e  r i n g  p r e c i p i t i n  t e s t ) . The r e a c t i o n  

was n o t  d e t e c t e d  by d o u b le  g e l  d i f f u s i o n  t e s t s ,  e x c e p t  w i t h  

t h e  a n t i s e r a  p r o d u c e d  a g a i n s t  L. c a s e i  and K. z o p f i i . F u r t h e r  

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

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

e d  by  N e t e y ,  A n za i  and G o rz y n s k i  ( i 9 6 0 )  and S t u a r t  and P e a s e  

( 1 9 7 2 ) ,  There  have  b e e n  many r e p o r t s  i n  th e  l i t e r a t u r e  

( S e e l i g e r  ( 1 9 6 1 ) ,  Gray  and K i l l i n g e r  (1966) t h a t  t h e  s e r o l o g 

i c a l  r e a c t i o n s  w i t h  L i s t e r i a  c a n  be q u i t e  n o n - s p e c i f i c .  T h i s  

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

c l i n i c a l  c a s e s ,  w h ich  o f t e n  r e a c t  w i t h  s t r e p t o c c i ,  C. p o i n s e 

t t i a e  and a l l  t h e  L i s t e r i a  s e r o t y p e s .  The r e s u l t s  f rom t h e
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p r e s e n t  s e r o l o g i c a l  s t u d y  i n d i c a t e  t h a t  i t  m ig h t  he u s e f u l  t o  

a h s o r h  c l i n i c a l  s e r a  w i t h  C. p o i n s e t t i a e  b e f o r e  t e s t i n g  w i t h  

L i s t e r i a  a n t i g e n s ,  b e c a u s e  C. p o i n s e t t i a e  HCl e x t r a c t s  n e v e r  

showed t h e  s p e c i f i c  l i n e s  i n  t h e  d o u b le  g e l  d i f f u s i o n  t e s t s  

w hich  t h e  homologous L i s t e r i a  HCl e x t r a c t s  p r o d u c e d .

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

i n v e s t i g a t i o n s ,  i n d i c a t e s  t h a t  L. m o no cy to gen es  i s  a  homogen

e ou s  s p e c i e s ,  c l e a r l y  d i s t i n c t  f rom  L . g r a y i  and L. m u r r a y i  

which  a r e  p r o b a b l y  v a r i e t i e s  o f  t h e  same s p e c i e s  o f  L i s t e r i a .  

L. d e n i t r i f i c a n s  d i f f e r s  t o  s u c h  a g r e a t  e x t e n t  f ro m  t h e  o t h e r  

t h r e e  s p e c i e s  o f  L i s t e r i a  t h a t  i t  s h o u l d  c l e a r l y  be r e c l a s s 

i f i e d ,  b u t  t h e  r e s u l t s  o f  t h e  p r e s e n t  s t u d y  do n o t  p e r m i t  t h e  

s u g g e s t i o n  o f  an a l t e r n a t i v e  t a x o n o m ic  p o s i t i o n .

L i s t e r i a  was shown t o  be d i s t i n c t  f rom E r y s i p e l o t h r i x ,  

and t h e  s u g g e s t i o n  by M i l e s  and W i l s o n  (1957)  t h a t  t h e y  s h o u l d  

be p l a c e d  i n  t h e  same genus  was n o t  s u p p o r t e d .

M. th e rm o sp h a c tu m  c l e a r l y  d o e s  n o t  r e s e m b l e  K u r t h i a ,  and 

t h e  v ie w s  o f  G a rd n e r  (1969) were  t h e r e f o r e  s u b s t a n t i a t e d .

The d i v i s i o n s  o f  t h e  s t r e p t o c o c c i  and l a c t o b a c i l l i  i n  

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

c o c c u s  g r o u p s  o f  Sherman (1937)  and t h e  L a c t o b a c i l l u s  s u b g e n 

e r a  o f  O r l a - J e n s e n  ( 1 9 1 9 ) .

The r e s u l t s  a l s o  i n d i c a t e  t h a t  L i s t e r i a ,  E r y s i p e l o t h r i x  

and M. th e rm o sp h a c tu m  s h o u l d  be rem oved  f rom  t h e  f a m i l y  

C o r y n e b a c t e r i  ace  a e . They more c l o s e l y  r e s e m b l e  t h e  f a m i l y  

L a c t o b a c i l l a c e a e , and i t  i s  p o s s i b l e  t h a t  t h e  f a m i l y  c o u l d  be 

e x t e n d e d  t o  c o n t a i n  them ,  o r ,  a l t e r n a t i v e l y ,  a new f a m i l y  

c o u ld  be c r e a t e d  f o r  some or  a l l  o f  t h e s e  d i s p l a c e d  b a c t e r i a .

E r y s i p e l o t h r i x  i s  c a t a l a s e  and cy to c h ro m e  n e g a t i v e  ( s e e
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TABLE 39) and w o u ld ,  t h e r e f o r e  he a c c e p t a b l e  i n  t h e  f a m i l y  

L a c t o b a c i l l a c e a e  as  i t  i s  a t  p r e s e n t  d e f i n e d .  I t  b e a r s  a 

c l o s e r  r e s e m b l a n c e  t o  t h e  t r i b e  S t r e p t o c o c c e a e  t h a n  t o  t h e  

t r i b e  L a c t o b a c i l l e a e , b u t  wou ld  be e x c l u d e d  f rom  t h e  fo r m e r  

t r i b e  on t h e  b a s i s  o f  i t s  r o d - s h a p e d  m o rp h o lo g y ,  and a new 

t r i b e  would  p r o b a b l y  be r e q u i r e d .

The gen u s  M i c r o b a c t e r i u m , i n c l u d i n g  M. th e r m o s p h a c tu m ,  

was a t  one t im e  ( s e e  I n t r o d u c t i o n )  a member o f  t h e  f a m i l y  

L a c t o b a c i l l a c e a e . L a c t i c  a c i d  p r o d u c i n g ,G r a m  p o s i t i v e ,  r o d 

s h a p e d  b a c t e r i a  were d i v i d e d  b e tw e e n  th e  two g e n e r a ,  L a c t o b 

a c i l l u s  and M i c r o b a c t e r i u m ,  on t h e  b a s i s  o f  t h e  c a t a l a s e  t e s t .  

M. th e rm o sp h a c tu m  i s  c a t a l a s e  and c y to ch ro m e  p o s i t i v e ,  and as  

s u c h  would be  e x c l u d e d  f rom  t h e  f a m i l y  L a c t o b a c i l l a c e a e  a s  i t  

i s  a t  p r e s e n t  d e f i n e d .

L i s t e r i a  i s  c a t a l a s e  p o s i t i v e ,  b u t  i t s  s t a t u s  w i t h  

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

d e t e c t i o n  o f  t h e s e  compounds i s  h i g h l y  d e p e n d e n t  u po n  t h e  

n a t u r e  o f  t h e  medium upo n  w h ich  t h e  b a c t e r i a  a r e  grown p r i o r  

t o  t e s t i n g  (S m i th  ( 1 9 5 4 ) ) .  K e e l e r  and Gray  ( I 9 6 0 )  r e p o r t e d  

a low l e v e l  o f  c y to c h r o m e s ,  w h e re a s  T r i v e t t  and Meyer (1971)  

r e p o r t e d  t h a t  L i s t e r i a  i s  c o m p l e t e l y  l a c k i n g  i n  c y to c h r o m e s .  

J o n e s  ( p a r s ,  comm.) h a s  d e t e c t e d  a low l e v e l  o f  c y to c h ro m e  

a c t i v i t y  a s s o c i a t e d  w i t h  t h e  c e l l  membrane o f  L i s t e r i a .

T h ere  a r e  i n c r e a s i n g  numbers  o f  r e p o r t s  i n  t h e  l i t t é r 

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

i n  e x i s t i n g  members o f  t h e  f a m i l y  L a c t o b a c i l l a c e a e  (D a c re  

and S h a rp e  ( 1 9 5 6 ) ,  Vankova ( 1 9 5 7 ) ,  W h i t t e n b u r y  ( 1 9 6 4 ) ) .  The 

new s p e c i e s ,  L a c t o b a c i l l u s  mali , showed s u c h  a c l o s e  r e s e m 

b l a n c e  t o  t h e  o t h e r  l a c t o b a c i l l i  t h a t  C a r r  and D a v i s  (1970)
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TABLE 39 .  C om par ison  o f  some c h a r a c t e r s  o f  p o s s i b l e  members 

o f  t h e  f a m i l y  L a c t o b a c i l l a c e a e  w i t h  t h o s e  o f  S t r e p t o c o c c u s  

and L a c t o b a c i l l u s .

GROUP m oles  c a t a l a s e  p r e s e n c e  o f  r o d s /
% GC a c t i v i t y  c y to c h r o m e s  c o c c i

L a c t o b a c i l l u s 39 -  
51 .2

1.2 r o d s

S t r e p t o c o c c u s 3 3 .5  
-  42

2,3 COCCI

L i s t e r i a 38 r o d s

E r y s i p e l o t h r i x 38 r o d s

M. t h e rmosphacturn r o d s

G e m e l la 3 3 .5 COCCI

B. e u r y d i c e r o d s

* t h e r e  have  b e en  r e p o r t s  t h a t  some s t r a i n s  a r e ,  i i y f a c t ,  
p o s i t i v e  ( s e e  t e x t ) .

o t h e r e  have  b e e n  v a r y i n g  r e p o r t s  t h a t  c y to c h r o m e s  a re  
p r e s e n t  i n  low l e v e l s ,  o r  a b s e n t .  I t  seems m ost  
p r o b a b l e  t h a t  L i s t e r i a  d oes  i r ^ a c t  p o s s e s s  low l e v e l s  
o f  c y to c h r o m e ,  p r o b a b l y  a s s o c i a t e d  w i t h  t h e  c e l l  mem
b r a n e  ( s e e  t e x t ) .
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TABLE 3 9 , (co n tin u ed ).

R e f e r e n c e s :  -

1 C a n t o n i ,  H i l l  and S i l v e s t r i  ( 1 9 6 5 ) .

2 Marmur and Doty  ( 1 9 6 2 ) .

3 B e l o z e r s k y  and S p i r i n  ( i 9 6 0 ) .

4 S t u a r t  and W elsh im er  ( 1 9 7 3 ) .

5 F lo s sm a n  and E r l e r  ( 1 9 7 2 ) .

6 B e r g e r  ( 1 9 6 1 ) .
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p l a c e d  i t  i n  t h i s  genus  d e s p i t e  i t s  c a t a l a s e  a c t i v i t y .  I n  

v iew  o f  su c h  r e p o r t s  a good c a s e  c a n  n o t  he made f o r  t h e  

e x c l u s i o n  o f  L i s t e r i a  o r  M. th e rm o sp h a c tu m  f rom  t h e  f a m i l y  

L a c t o b a c i l l a c e a e  on t h e  b a s i s  o f  t h e i r  c a t a l a s e  and c y t o 

chrome p r o d u c t i o n .

G e m el la  h a e m o ly s a n s  i s  c a t a l a s e  and cy to c h ro m e  n e g a t i v e  

( B e r g e r  (1 9 6 1 ) )  and i t s  r e s e m b l a n c e  t o  t h e  t r i b e  S t r e p t o c o 

c c e a e  , r e p o r t e d  by Reyn (1969 and 1970) and R e y n ,  B i r c h  -  

A n d e r se n  and B e r g e r  (1970) h a s  b e e n  s u b s t a n t i a t e d  by th e  

p r e s e n t  s t u d y ,  I t s  c o c c a l  m orpho logy  and DNA b a s e  c o m p o s i t 

i o n  ( s e e  TABLE 39)  a r e  c l e a r l y  i n  k e e p i n g  w i t h  s u c h  a t a x o n 

omic p o s i t i o n .

B a c t e r i u m  e u r y d i c e  i s  a l s o  c a t a l a s e  n e g a t i v e ,  and h a s  

d e m o n s t r a t e d  a c l o s e  r e s e m b la n c e  t o  t h e  f a m i l y  L a c t o b a c i l l -  

aceaeji n  t h e  p r e s e n t  s t u d y ,  b u t  i t s  c y to ch rom e  c o n t e n t  and 

DNA b a s e  r a t i o  a r e  n o t  known. I t  i s  p o s s i b l e  t h a t  B. e u r y d i 

ce s h o u l d  a l s o  be p l a c e d  i n  t h e  f a m i l y  L a c t o b a c i l l a c e a e . b u t  

t h i s  move r e q u i r e s  f u r t h e r  s u b s t a n t i a t i o n .

The b a c t e r i a  o f  c l u s t e r  IA3 ( p r e s e n t  s t u d y ) , TS I I  and 

TS I I I  ( T h o r n l e y  and S h a rp e  ( 1 9 5 9 ) )  a re  f u r t h e r  p o s s i b l e  

members o f  t h i s  e x t e n d e d  f a m i l y  L a c t o b a c i l l a c e a e . b u t  t h e i r  

t ax o n o m ic  p o s i t i o n  i s  s t i l l  v e r y  u n c e r t a i n  and w a r r a n t s  

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

s t u d y  would be a s t u d y  o f  t h e s e ,  a t  p r e s e n t  u n c l a s s i f i e d  

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

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

a c c u r a t e  tax o n o m ic  p o s i t i o n .  TABLE 4 0  shows a p o s s i b l e  mem

b e r s h i p  o f  t h e  new, e n l a r g e d  f a m i l y  L a c to b  a c i l l a c e  ae which  

h a s  b e e n  d i s c u s s e d  h e r e .



T a b le  4 0 .  A p o s s i b l e  l i s t  o f  members f o r  t h e  e n l a r g e d  

f a m i l y  L a c t o b a c i l l a c e a e ,  a s  p r o p o s e d  i n  t h e  t e x t .
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FAMILY; L a c t o b a c i l l a c e a e

TRIBE I ;  L a c t o b a c i l l e a e

GENERA; L a c t o b a c i l l u s

E u b a c t e r i u m  

C a t e n a b a c t e r i u m  

R ami b ac t e  r iu m  

C i l l o b a c t e r i u m

t r i b e  I I :  S t r e p t o c o c c e a e

GENERA: S t r e p t o c o c c u s

D i p l o c o c c u s  

P e d i o c o c c u s  

L e u c o n o s to c  

P e p t o s t r e p t o e o c c u s  

+G em el la

TRIBE I I I :

GENERA : E r y s i p e l o t h r i x

? B a c te r iu m  e u r y d i c e

TRIBE IV:

M i c r o b a c t e r i u m  th e rm o sp h a c tu m  

* L i s t e r i a

* L i s t e r i a  c o u ld  p o s s i b l y  be p l a c e d  w i t h  M. th e rm o s p h a c tu m .  
o r  i t  c o u ld  be p l a c e d  i n  a s e p a r a t e  t r i b e ,  o r  e v e n  a s e p a r a t e  
F a m i ly .
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A p o s s i l ) l e  a l t e r n a t i v e  t o  s u c h  a marked e n l a r g e m e n t  o f  

t h e  f a m i l y  L a c t o h a c i l l a c e a e  i s  t h e  c r e a t i o n  o f  a new f a m i l y .  

The genus  L i s t e r i a  d oes  n o t  a p p e a r  t o  he q u i t e  a s  c l o s e l y  

r e l a t e d  t o  t h e  s t r e p t o c o c c i  and l a c t o h a c i l l i  a s  a r e  G e m e l l a . 

E r y s i p e l o t h r i x  and M. th e rm o sp h a c tu m .  I t  c o u l d  he a rg u e d  

t h a t  a new f a m i l y ,  t h e  L i s t e r i a c e a e  p e r h a p s ,  s h o u l d  he 

c r e a t e d  f o r  members o f  t h e  genus  L i s t e r i a  and t h e  a t y p i c a l  

L i s t e r i a  o f  c l u s t e r  IA3 ( p r e s e n t  s t u d y ) , and i t  m ig h t  e v e n  

p r o v e  a s u i t a b l e  home f o r  a t  l e a s t  some o f  t h e  u n c l a s s i f i e d  

* l a c t i c  acid* b a c t e r i a  m e n t io n e d  e a r l i e r .

O b v i o u s l y  i t  i s  wrong t o  c r e a t e  new f a m i l i e s  and t r i b e s  

w i t h o u t  t r u e  j u s t i f i c a t i o n ,  b u t  i t  i s  a l s o  wrong t o  lump t o g 

e t h e r  b a c t e r i a  w h ich  do n o t  e x h i b i t  a t r u e  a f f i n i t y  t o  e a c h  

o t h e r .  The f i n a l  t ax o n o m ic  p o s i t i o n  o f  E r y s i p e l o t h r i x ,  

G e m e l l a , M i c r o b a c t e r i u m  th e r m o s p h a c tu m . L i s t e r i a , B a c t e r i u m  

e u r y d i c e  and t h e  a t y p i c a l  l a c t o h a c i l l i  and L i s t e r i a  w i l l  h ave  

t o  be d e c i d e d  b e tw e e n  t h e  ’ lum pers*  who may w is h  t o  p l a c e  

them a l l  i n  t h e  f a m i l y  L a c t o h a c i l l a c e a e , and t h e  ’ s p l i t t e r s *  

who may p r e f e r  t h e  c r e a t i o n  o f  a new f a m i l y  f o r  some, o r  a l l ,  

o f  them .



APPENDIX I .

STRAINS USED IN THE NUMERICAL 

TAXONOMIC SURVEY.
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One h u n d r e d  and  n i n e t y  t h r e e  s t r a i n s  were 

s e l e c t e d  f o r  s t u d y ,  t h e s e  a r e  l i s t e d  i n  

TABLE I .  Type s t r a i n s  a s  i n d i c a t e d  hy 

S n e a th  and  Skerman ( 1 9 6 6 ) ,  and  r e c e n t  

i s o l a t e s ,  were i n c l u d e d  a s  f a r  a s  p o s s i b l e .
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MEDIA AND TEST REAGENTS.

I M edia .

A l l  m ed ia  were  a u t o c l a v e d  a t  121®C f o r  15 m in s .  u n l e s s  

o t h e r w i s e  s t a t e d .  D i s t i l l e d  w a t e r  was u s e d  i n  a l l  i n s t a n c e s .

a) B a s a l  Media

B a s a l  Medium a g a r .  (BM a g a r )

T h i s  was m o d i f i e d  f rom  MRS a g a r ,  O xoid  CM361, hy o m i s s i o n  o f  

c i t r a t e  and a c e t a t e .

P e p t o n e  Oxoid  L34 lOg.

Lah Lemco " L29 8g.

Y e a s t  E x t r a c t  " L21 4g.

G lu c o se  20g.

Tween 80 1ml.

D i p o t a s s i u m  h y d r o g e n  o r t h o p h o s p h a t e  2g.

Magnesium s u l p h a t e  (MgSO^.YH^O) 0 . 2 g .

Manganese s u l p h a t e  (MnSO^.SHgO) 0 . 0 5 g .

Agar  Oxoid  N o . l  lOg.

D i s t i l l e d  w a t e r  1000ml.

B a s a l  Medium b r o t h .  (BM b r o t h )

As BM a g a r ,  b u t  w i t h  t h e  o m i s s i o n  o f  t h e  a g a r .

S u g a r  B a s a l  Medium a s a r ,  (SBM a g a r )

P e p to n e  Oxoid  L34 15g.

Y e a s t  E x t r a c t  " L21 Ig .

Tween 80 1ml.

D i p o t a s s i u m  h y d r o g e n  o r t h o p h o s p h a t e  2g.

Magnesium s u l p h a t e  (MgSO^.THgO) 0 . 2 g .



Manganese s u l p h a t e  (MnSO^.TH^O) 0 . 0 5 g .

Agar  O xoid  N o . l  lOg.

D i s t i l l e d  w a t e r  1000m l.

S u g a r  B a s a l  Medium b r o t h  (SBM b r o t h )

As SBM a g a r ,  b u t  w i t h  th e  o m i s s i o n  o f  t h e  a g a r ,

b) O t h e r  Media .

A e s c u l i n  b r o t h .  r e f :  S n e a th  ( 1 9 5 6 ) .

SBM b r o t h  lOOOml.

Sodium c i t r a t e  Ig .

A e s c u l i n  Ig .

F e r r i c  c i t r a t e  s c a l e s  0 . 0 5 g .

The f e r r i c  c i t r a t e  s c a l e s  were d i s s o l v e d  by b o i l i n g  i n  a 

s m a l l  volume o f  w a t e r ,  and added t o  t h e  r e s t  o f  t h e  medium, 

w h ich  was t h e n  d i s p e n s e d  i n t o  b i j o u x  b o t t l e s  i n  3 -4m l.  amounts  

b e f o r e  s t e r i l i z a t i o n .

A r g i n i n e  medium. r e f :  T h o r n l e y  ( i 9 6 0 ) .

SBM b r o t h  lOOOml.

A r g i n i n e  h y d r o c h l o r i d e  lOg.

P h e n o l  r e d  ( 2%w/v aq.  s o l u t i o n )  5m l .

A gar  Oxoid  N o . l  3g.

The s t e r i l i z e d  medium was d i s p e n s e d  a s e p t i c a l l y  i n  4ml. am

o u n t s  i n t o  b i j o u x  b o t t l e s .  L i q u i d  p a r a f f i n  was s t e r i l i z e d  a t  

160^0 f o r  1 h o u r ,  and l a y e r e d  on t h e  a g a r  i n  t h o s e  b o t t l e s  t o  

be u s e d  f o r  a n a e r o b i c  s t u d i e s .

C a s e i n  a g a r .

BM a g a r  w i t h  tw ic e  t h e  norm al  c o n c e n t r a t i o n  o f  a g a r ,  and no 

g l u c o s e  was s t e r i l i z e d  a t  121^C f o r  15 m in s .  A 10%w/v s o l 

u t i o n  o f  M arve l  skimmed m i lk  was s t e r i l i z e d  a t  121^0 f o r  5m ins .



o 1 9 3E q u a l  vo lum es  o f  e a c h  were m ixed  a f t e r  c o o l i n g  t o  60 C, and 

p o u r e d  i n t o  p e t r i  d i s h e s ,

DNase a g a r .  r e f ;  Di S a l v o  (1958)

BM a g a r  lOOOml.

D e o x y r i b o n u c l e i c  a c i d  2g.

C a lc iu m  c h l o r i d e  ( a n h y d r o u s )  0 . 8 g ,

The c a l c i u m  c h l o r i d e  was t h o r o u g h l y  d i s s o l v e d  i n  t h e  b a s a l  

medium b e f o r e  t h e  DNA was a d d e d ,  t o  p r e v e n t  any p r e c i p i t a t i o n ,  

and a f t e r  s t e r i l i z a t i o n  t h e  medium was p o u r e d  i n t o  p e t r i  

d i s h e s .

G lu c o se  b r o t h .  r e f ;  D a v i s  (1955)

SBM b r o t h  lOOOml.

B r o m - c r e s o l  p u r p l e  (2%w/v aq .  s o l u t i o n )

1 . 5ml.

G lu c o se  I g .

The b r o t h  was d i s p e n s e d  i n t o  6 " x f ” t u b e s  c o n t a i n i n g  i n v e r t 

ed  Durham t u b e s ,  and s t e r i l i z e d  a t  114®C f o r  10 m in s .

G lu e o s e -Lemco b r o t h .  r e f ;  Jo n e s  and S h a t t o c k  ( i9 6 0 )

P e p t o n e  (Evans)  lOg.

Lab Lemco Oxoid  L29 lOg.

Sodium c h l o r i d e  5g.

G lu c o se  5g.

D i s t i l l e d  w a t e r  lOOOml.

The b r o t h  was d i s p e n s e d  i n t o  100 m l.  b o t t l e s ,  and s t e r i l i z e d  

as  u s u a l .

H i p p u r a t e  b r o t h .  r e f ;  D a v is  (1955)

SBM b r o t h  lOOOml.

G lu c o se  I g .

Sodium h i p p u r a t e  lOg.



19410 m l,  q u a n t i t i e s  were d i s p e n s e d  i n t o  u n i v e r s a l  b o t t l e s  

b e f o r e  s t e r i l i z a t i o n .

L i tm u s  m i l k .  r e f :  W h e a te r  (1955)

L i tm u s  m i lk  Oxoid CM 45 lOOg.

Y e a s t r e l  3g.

G lu c o se  lOg.

D i s t i l l e d  w a t e r  lOOOml.

The b r o t h  was f i l t e r e d  t h r o u g h  m u s l i n  and t h e n  d i s t r i b u t e d  

i n  10 ml.  amounts  i n t o  u n i v e r s a l  b o t t l e s .  S t e r i l i z a t i o n  was 

a c h e i v e d  by h e a t i n g  a t  121®C f o r  5 m in s .

MR VP medium. r e f :  B a r r i  t t  (1936)

BM b r o t h  p l u s  r e d u c e d  g l u c o s e  (5 g . / l . )  and i n c r e a s e d  d i 

p o t a s s i u m  h y d r o g e n  o r t h o p h o s p h a t e  (5 g . / l . ) ,  was d i s p e n s e d  

i n t o  u n i v e r s a l  b o t t l e s  i n  1 2 .5  ml.  am o u n ts ,  and s t e r i l i z e d  

a t  114®C f o r  20 m in s .

N i t r a t e  b r o t h .  r e f :  Sm i th  and Cunningham (1962)

BM b r o t h  lOOOml.

P o t a s s i u m  n i t r a t e  I g .

10 ml.  q u a n t i t i e s  were d i s p e n s e d  i n t o  6 " x%" t u b e s  c o n t a i n i n g  

i n v e r t e d  Durham t u b e s .

N i t r i t e  b r o t h .

BM b r o t h  lOOOml.

P o t a s s i u m  n i t r i t e  I g .

5ml. q u a n t i t i e s  were  d i s p e n s e d  i n t o  6 " x i "  t u b e s  and t h e n  

s t e r i l i z e d ,

"0" and "F" t e s t  medium, r e f ;  Hugh and L e i f s o n  (1953)

BM b r o t h  lOOOml.

B r o m - c r e s o l  p u r p l e  ( 2%w/v aq,  s o l u t i o n )

1 . 5ml.
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A g ar  Oxoid No. 1 4g .

The medium was s t e r i l i z e d ,  c o o l e d  t o  60°C and t o  i t  was added 

40 m l .  o f  a 50%w/v a q . , f i l t e r  s t e r i l i z e d  s o l u t i o n  o f  g l u c o s e .  

10 m l .  q u a n t i t i e s  o f  t h e  medium were  a s e p t i c a l l y  d i s p e n s e d  

i n t o  6"x^"  t u b e s ,  and when s e t ,  2 m l .  o f  s t e r i l e  p a r a f f i n  

was added t o  t h o s e  t u b e s  t o  be u s e d  f o r  a n a e r o b i c  s t u d i e s .

O u c h t e r l o n v  a g a r .  r e f :  O u c h t e r l o n y  (1953)

Mansi (1958)

P u r i f i e d  a g a r  Oxoid L28 lOg.

Sodium c h l o r i d e  8 . 5 g .

Sodium a z i d e  I g .

D i s t i l l e d  w a t e r  lOOOml.

P h o s p h a t a s e  a g a r .  r e f :  Edwards  and J o n e s  (1966)

BM a g a r  lOOOml.

P h e n o l p h t h a l e i n  d i p h o s p h a t e  ( t e t r a  so d iu m  s a l t )  

B.D.H. (l%w/v aq .  s o l u t i o n )  lOml.

The BM a g a r  was s t e r i l i z e d  and c o o l e d  t o  60®C, t h e  f i l t e r  

s t e r i l i z e d  p h e n o l p h t h a l e i n  d i p h o s p h a t e  s o l u t i o n  was t h e n  

ad d ed ,  and t h e  a g a r  p o u r e d  i n t o  p e t r i  d i s h e s .

P o t a s s i u m  t e l l u r i t e  a g a r .

BM a g a r  was s t e r i l i z e d  and c o o l e d  t o  60®C. A l%w/v aq .  s o l 

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

a t  121®C f o r  5 m i n s . , and t h e n  added  t o  t h e  c o o l e d  a g a r  t o  

f i n a l  c o n c e n t r a t i o n s  o f  0 .01% , 0.025% and 0 .05% w/v .  The a g a r  

was t h e n  d i s p e n s e d  i n t o  d i v i d e d  d i s h e s .

P o t a s s i u m  t h i o c y a n a t e  a g a r .

BM a g a r  p l u s  2.5%, 3.75% and 4 . 5%w/v p o t a s s i u m  t h i o c y a n a t e  

was s t e r i l i z e d  and d i s p e n s e d  i n t o  d i v i d e d  d i s h e s .



196
S h a r p e ’ s  Medium A. r e f :  S h a r p e ( l 9 5 5 )

Y e a s t r e l  3g.

G lu c o se  20g.

Sodium c h l o r i d e  5g.

Tween 80 O . l g ,

P e p t o n e  E vans  l 5 g .

D i s t i l l e d  w a t e r  lOOOml.

The b r o t h  was d i s p e n s e d  i n t o  500 m l .  s c r e w - t o p  b o t t l e s  b e f o r e  

s t e r i l i z a t i o n .

Sodium a z i d e  a g a r .

BM a g a r  p l u s  0 .01% , 0.02% and 0.05%w/v sod ium  a z i d e  was s t e r 

i l i z e d  and d i s p e n s e d  i n t o  d i v i d e d  d i s h e s .

S t a r c h  a g a r  r e f :  A l l e n  (1918)

BM a g a r  l a c k i n g  g l u c o s e  lOOOml,

S t a r c h  2g.

The s t a r c h  was d i s s o l v e d  by h e a t i n g  i n  a s m a l l  q u a n t i t y  o f  

t h e  d i s t i l l e d  w a t e r ,  and t h e n  added  t o  t h e  BM a g a r .  A f t e r  

s t e r i l i z a t i o n  t h e  a g a r  was p o u r e d  i n t o  p e t r i  d i s h e s .

T é t r a z o l i u m  a g a r .

SBM a g a r  was s t e r i l i z e d  and c o o l e d  t o  be low  60^0 ,  a f i l t e r  

s t e r i l i z e d  I0%w/v aq .  s o l u t i o n  o f  2 , 3 , 5 - t r i p h e n y l  t é t r a z o l i u m  

c h l o r i d e  was added t o  f i n a l  c o n c e n t r a t i o n s  o f  0.1% and 0.01% 

w / v ,  and a f i l t e r  s t e r i l i z e d  s o l u t i o n  o f  g l u c o s e  t o  a  f i n a l  

c o n c e n t r a t i o n  o f  l%w/v. The a g a r  was t h e n  d i s p e n s e d  i n t o  

d i v i d e d  d i s h e s .

T h a l l o u s  a c e t a t e  a g a r .

BM a g a r  p l u s  0 .01% , 0.02% and 0 .03%w/v t h a l l o u s  a c e t a t e  was 

s t e r i l i z e d ,  and d i s p e n s e d  i n t o  d i v i d e d  d i s h e s .
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T r v p to n e  b r o t h .  r e f :  S m i th  and Cunningham (1962)

T r y p to n e  Oxoid L42 20g .

D i p o t a s s i u m  h y d r o g e n  o r t h o p h o s p h a t e  2g ,

G lu c o se  2g .

Magnesium s u l p h a t e  (MgSO^.THgO) 0 , 2 g .

Manganese s u l p h a t e  (MnSO^.SHgO) 0 . 0 5 g .

D i s t i l l e d  w a t e r  1000ml.

F i n a l  pH 7 . 2 .

7 m l .  amounts  o f  t h e  b r o t h  were d i s p e n s e d  i n t o  6 ”x%" t u b e s  

and t h e n  s t e r i l i z e d .

Tween a g a r .

BM a g a r  was m o d i f i e d  by  r e d u c i n g  t h e  amount o f  g l u c o s e  t o  

l O g / l .  and by  r e p l a c i n g  th e  Tween 80 n o r m a l l y  u s e d ,  by 10 ml.  

p e r  1 .  o f  t h e  Tween t o  be t e s t e d .  Tweens 20 ,  40 ,  60 and 80 

were  u s e d ,  and a f t e r  s t e r i l i z a t i o n  t h e  a g a r  was p o u r e d  i n t o  

p e t r i  d i s h e s .

T y r o s i n e  a g a r .

BM a g a r  m inus g l u c o s e  1000ml.

L - t y r o s i n e  5g.

A f t e r  s t e r i l i z a t i o n ,  t h e  a g a r  was p o u r e d  i n t o  p e t r i  d i s h e s .  

U r e a  a g a r .  r e f :  C h r i s t e n s e n  (1946)

BM a g a r  p l u s  r e d u c e d  g l u c o s e  (0.5%w/v)

lOOOml.

P h e n o l  r e d  (2%w/v aq .  s o l u t i o n )  5ml.

F i n a l  pH 6 . 8 .

U r e a  ( 50%w/v aq .  s o l u t i o n )  40ml.

The BM a g a r  p l u s  p h e n o l  r e d  was s t e r i l i z e d  and c o o l e d  t o  60®C, 

t h e  u r e a  s o l u t i o n  was f i l t e r  s t e r i l i z e d  and added  t o  t h e  a g a r .  

The medium was t h e n  d i s p e n s e d  a s e p t i c a l l y  i n  5ml. amounts
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i n t o  6 ”x | ” t u b e s  which  were t h e n  s l a n t e d  t o  p r o d u c e  s l o p e s .  

X a n th in e  a g a r .

BM a g a r  minus g l u c o s e  1000ml.

X a n th in e  5g .

A f t e r  s t e r i l i z a t i o n  t h e  a g a r  was p o u r e d  i n t o  p e t r i  d i s h e s .

U T e s t  R e a g e n t s .

Kovacs* R e a g e n t .  r e f ;  Kovacs (1928)

p - d i m e th y l a m i n o h e n z a l d e h y d e  5g.

Amyl a l c o h o l  75ml.

C o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  25ml.

The a ld e h y d e  was d i s s o l v e d  i n  t h e  a l c o h o l  hy  h e a t i n g  i n  a 

w a t e r - h a t h  a t  55®C. ViThen c o o l ,  t h e  a c i d  was a d d e d ,  and t h e  

r e a g e n t  s t o r e d  a t  4®C.

N i t r a t e  R e a g e n t  A. ( G r i e s s  I l o s v a y  r e a g e n t )

(%-naphthyl  ami ne I g .

D i s t i l l e d  w a t e r  22ml.

25% a c e t i c  a c i d  180ml.

The (x-naph t h y l  ami ne was d i s s o l v e d  i n  t h e  w a t e r ,  t h e  s o l u t i o n  

f i l t e r e d ,  and t h e n  t h e  a c e t i c  a c i d  was ad d ed .  S t o r a g e  was 

a t  4°C.

N i t r a t e  R e a g e n t  B« ( G r i e s s - I l o s v a y  r e a g e n t )

S u p h a n i l i c  a c i d  0 . 5 g .

25% a c e t i c  a c i d  I 5 0 m l .

The s u l p h a n i l i c  a c i d  was d i s s o l v e d  i n  t h e  a c e t i c  a c i d ,  and 

t h e  s o l u t i o n  s t o r e d  a t  4®C.



APPENDIX I I I .

THE SIMILARITY MATRICES AND TABLE 

OF CLUSTER CHARACTERISTICS PRODUCED 

IN THE NUMERICAL TAXONOMIC SURVEY.
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Figure I Similarity Matrix A

(180 OTUs).
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8888888888*4 »8HhP84388'’7«8888p.88788888H888«& 
888888888888 (888P848MÙ,''888*8*888848888888888 _

S ?  r,9 7 777777777*7'777777777*77777777777777777777777
. CAS :8^ 7777777777*7777777777777*7776776776677777777
» PLAN G77 777777*77777*777?7777776777?7777776677777777777
i CAS 1 r.6»> 7767747777*777667777774776777776776676877777677
I SAL 178 7767666666*67666766777^668676666676677777777677

_ t SAL ;?0 766666866A/6-'6A6666666,,666676666666677777777677
E87.8HUÎ r,l*9 77777777?6A6^7*f777777*666676766676777777777677 

ThFKI r.98 7777??7777*7*77777777?*7*777?777777 77787787m7886 
TWF8I «1*6 7777777770*6*77777777 7*6666777766767777777777777 

nn THCkI {5162 77*777*777*6*7777777777666677776676777777777*777 
1H THFNI «1*3 7777677667*6*676777777*6666777766766777777777777 
HO THFMI Cl*5 766777o7t666*67<.776777*66666*7766?66777777777777 

THERM QtO* 766677n66666667676ft676*666667776676677*77777*777 
TmEBH Ü18* 666666)66666-66/^66676/6666666566666667866676777 

HB THFRI «90 7777777777*7*777777777*6776777776767*777*777*777 
W THFHI wlOO 7777778677*8**7*7777*7766687*7766*66777777777777 
ift TMFH» ni"4 777777*777*6’ 77*777777*6’ 777777667677777*777*777 

THOR I (5101 777777*777*7*777777777767777777767677777*7*7*777 
THERM R ll" 7777777777*7*77*777777*7*777777777*7778777*8*888 

N THERM « 0 8  7777667766*7*67677677776777777*66767777777777777 
I MALI 014** 7777776676*7*766777566*776766776*766766666676766 
» MALI « 4 1  777777777*7777*7777777*7*777*777776777*7*777*777 
k MAI I « 4 8  77?7777777*7*777777777"7?7?7*7777 777*6677776?777 
SHEWN « 51  7777777777*6*77777777767*77777776777676777776777 
PETFR « 5 1  777777*777*7*77777777777*7*7777777776777*7*7*777 
FREIINI «M2 777777*777‘'7*7*7777777*7*777*7776777666o76766777676 
PEN* « 5 4  666666O606666666I 60*6 6'66666666067666 77776676777,““

Sr SP L G4C 777777*777*7*777777777*7*7777777777777777788*7*8 
s i  pyn A « * 0 f 777777777*6777777777767*77777666766*77766777777 
SE SP C «1 *  7777777777*7*777777777*7777777776777776776777777
SE SP H Ù13* 7777777777*7’ 77-77777777*777*7777777777777*7*777 
SE EQ" C «*>2 777777*777*7’ 77/#776f.8*7*777*766A777766766666777 
SE DUR I « * 4  777777777*’ 7’ 77777777777*77777777777777776*76776 
SE SP H « 3 6  7777777777*7*777777777'’7*77777777777777777*7*777 
SE AGA -1 (il**! 7777777777*7*777777777*7*777*7777777777777777777 
SE SP t  Gl?o 7777767767*7*?66?7?76667*7*7*7677777776776*7*677 
SE BOV » r.l*3 7667778777*7*776777667667677*766*77777777777*77;
SE fOirN «4 '*  7667*68766*7*77677776767*677*76767677777*777*777
Sf PAL I « * 5  7777777777*7*777777777*7*777*7777767777**777*777 
Sf FAN 1 n r 6  77777 77777"7*77777777777*7*777?77 767777777*7*777 
SE Lin » « * 7  7777777777*7*777777777*7777777777767777777777777 
SF 7YH I « * 8  777777777**7 77**777 77 777*7777 7777777777377877777 
SE SP (1 Gt3« 7777?7*7?7*7*7777777777777777777776777777777?777 
SE SP «3.» 7777777777*7*777777777'’7777777*67/6777777777*777
SF IJB GUV 777777776667*676877767, 7*6*7*7666767668766766777 
LA ACID C60 666666',61,866*666/ 666A6' 66666^6666666*677??*7677?
L4 RULG G64 66666666/ 966''866666666/6666666666666*676*7*76666
LA HÊLV C*r 76666666/'8/'6 .666/66566, 666^666666666*666666666*6 
LA jur. 171 7677666676*6*66666666666667677766766*66666666677
LA JVC 574 7 7 766(,At,7666*7*/'« 66776*66666**7*66*6*667*6*76667
LA HEl.H «68 666666')6/.66o666/.* 64660,-6666666806666*6666666 6666
LA SP G8Û 766660',6ùAA6''6A(.f,6/,666/6606666606766*66666666668 
LA LAPT 078 7667770777*7*777767777*66777*7777767777777777777
LA.DELP G81 7666/if»',6' 6 '0  i66<-( 16A66,<6„66766666666*66766666777
LA,MUCH 116.1 66886666/ 666 ,66666/,566, 6666666566666677777*77777
LA CELL G67 7667/.»,')0'./*66'*66/-666666'66r,6666666o66*66666666766
LA FERN G60 777770*7*6*7*77*767767*66 77777776767767766776777
LA PERM Ü CD 7666’ o-<6, 6'-o'6A6( t6666r6/-666/6«6676676*777776777 
LA FERN 2 R*1 7666*/'0*/-666 .666/-77566'.66ô666666676o67676ft668777 
LA LEIC G76 h66666'i0'>/,'-0'Aft/i/ AOOAO/6656666666766*66668666776
LA RRfV 062 6666666o''6'>6 ,66,./666f,6.i6A666A656606o7666*777*667
LA ACID 1 GAl 686660551 5/ 6''66« <.66606,-06668666668666066666866*6677 

HAEH i8? ?77767*7/7/,7 7 77n76*7„0,.6676677776777*666*8*7677?, *
HAEH !81 777767'»67*66’*m,767706» 76*66*7*667777666*6*76777
HAEH Î84 7777777777*7777*777766*76 77777776777766668876777
HAEH 18  ̂ 7 77776 7777/.6’7/.<./.777<-6''7*666777 76/77*666A6666776,

OR fl|W « 7 1  6A6666'i6/-6/-6'.6ofi< 60866,'0066066666866*66666666766566 
EUR G17* 666806061,666 ■>6f.„/606/,606666666566066*66666666666'
EUR «7.1 »i666/,o-»66666 '66 // 6666600686666666866*06666666666
FUR « 7 4  68666666/.Z,66 ,6666666A6/.76868At766667*66666666668

SF SP P « C  777777777**7*77*777777*7*777*7777777*7777777777?
SE SP X « 3 ‘'0  776777/,777/,6*77(.777760/'76467*68 7o?67776766666770 
6F.SP N « 3IT 777777777**7’ 77777777777*77777*77*77*777*6*76767 
ENY.NHU'l «A 3 777777/777*7 '77*777777*7*7*7*777677777777777*787 
ERY.RHUS «A 4 77777**777*7'’777777 777*777777777A777777777777777 
EHY.PMU; « * 5  7777*7 7777*7*7*776777 7*7*77777776777777777777787 
ERY.RHUl « 1 8  7777*7/777*7’77*767777*6*777*77767777777*777*7*7 
ERY.RHU': 61 A4 77777777*7*7'77776777 7''o*777*77 767777776*7*7*7*7 
ERY.RHUS « 1 *  77777*6777*7*776706/76,7*776 77 776/777777*7*7*777 
EHY.RHUS Cl*? 77*7777777*7777*767777*777*777776777777677*7*777 
ERY.RHU 1 « 6 4  777777f,77?'7*77*?6o776*76/76*777A77777?7*7*77777 
ERY.RUUS « 1 3  7777770777*7*777767777*7*77777776777*777*7777777 
IRY.RHUS «"»5'77*777*777*7*777767777*7*777*777A*7777777777*777 
MY.RHUl « * 0  66666686o666'-666f 6/,6/i5' 66 660*680666 7*666*666***7 

S f .SUIS U19A 777777*777*7*777777/ 77*7*777*77777*7*777*7*7*777 
SC.SUIS « 9 *  77777777 77*7*77*777/77*7777777777777*77777*7*787 
IE,SUIS «O'* 777777,,77?*7»777777777*7*777*7777 777*77777*777R7
IE.SUIS «9A  *77777?777*7*777777777*7*777?77?777777*777*7*777
SC.SUIS G?0* 777777777?*7*77*777777''7*7*77777777**77777*7*777
;E SP M GI35 78*777o7aa/,6'.87o/'7*666"6688o668oA7o766A6/>668667<,
IF SUIS « 4 1  6777777777*7*7*67777666 7*7777787676 7677766866877
IF SP 0 « 3 *  776767870*88 ,666/.67560/.7*766*767A777A6A666A66666 

ZnP G ill 66666506668686666668„8/'6658886865666A666''55SA65S
XÛP « 1 4  ,6866660066A686656A66'-8''-0/,58086665866666650656665
20P « 1 6  666668',666800666666666/,066A0A6606O666OA66O686O6O
ZnP Oil*» 08866666/ 666 ,666686606'6688666666660606066606060

R ZOP « 1 8  66666866o6A6666666A666606866565o6o66606666606666'
K ZOP « 1 9  6666666600/O',666AO0606AO656O66806666/,06660656066565
M ZOP « 1 7  |60A666660AA6',666/'66666/'06460A6866660608666656666'
R ZOP « I ?  066656',Oo6*'8',6666566'.5666465'''66«>566065555555S555
R ZOP « 1 3  55555' 5535555355566655555555555
R ZOP « 6 6  0666608666*6',66866A0O6',068666t 866066666668666666

STAT « 8 6  A668660688A6‘,666606&66/,068A666866066*6A668666066 
BR AMMO I 61*0 6666Ao666666*>66666o6o&/-066A068A66660606866666068 
Ml LUT « 7 9  8666666666/6-»66/,< 68066' 66666668o5o666668/,8666668
HI OEM I « 8 *  6865666068666865886655506866A8A85068655066866655 
CE ROSS 0149 555655',55555556rf.65555566485S8S5S866555555555555 
CO MED in lilAl 666660606686 *,66660666A''6686668&66666666666866680 
BR LEUC 016* 6666658656568666666658«666658t855055655555555655 
CE P|M| « 4 8  6666666656556566660555'6665585555666655555555055 
CO FASC « 5 5  665655805555'',555'’566S55664555555566655555555555b 
CO RATH « 5 *  668660666666',606f6668666A660A8606668606666656660 
CO POIN « 5 5  76767680A7*6568o7*A666f7*6667760606660*760867760 
CO MICH «O'* 77777777o7*7*67A7776f667777o*746A7777o686068*786 
CO RETAE G1A3 7777*77766*65668777688677666*76667*760666686**60 
BR LIN « 6 5  766666868686A686867686/-6666666606766686866667680
•R IMP « 6 9  7677776766868678777686967*877780676677776768*777
CO iN Sn C156 *66666*77786668677776766*68667806060677777776760 
■A SAPRn « 7 6  777777777777*6667777776777777770676767777777*777 
||A  AUR « 7 7  776776766766866867676767766787706666876777768780

^^^7777*777*777*77:
777777777777777 __
*77767776777*7776 
*77777777777*7*7*7 
7777*7/77777*7*7*7 

7787777777778777777*7 
*777*7777777*777668,
■»777777;77777777*77777*fr9 
7777777777777777-»77777* 199 

7777777*777*7*7*777*871899 
*777676 77760*077*777*7 7*8989 
7776666060666687*77777**88880 
77*77777*777*777'»777777 *8dMo«9 
*77767766067*776''777*77 >8084/^80 
*7777777*777*7*7’ 7’ 7*77 
777777A776776677*7*77767M*é“«Hc 
77*77o7 7677 77776’ 777777/RiiRoR8Mi|
*77777777777*777*7*77777«oM7«HAt 160 
*7777777777777777777*777RBMh'*6«a '809 
77777777777777777777777787A7P886«809 
777777/777777777*777*7*7Ro"6P8«{ '89o09 
777777777777*777*777’ 777«oM7A88 7 'OHgOgo 
*777777777777777*77777*788Ao88Hb
*777*087*767*777*777*7778o8oOR79_________
*87777/77777?777*770*7*7777067776766A066 
*770666660666666*7*08667608667A767A06660/
*«7687*777*7*7*7*777*7*77 77 7*7 *7776{,60/6* l"9 
777767777 7*77777*77777777*77*777776666f6*t»FV 
777666666667666066*7*7676 777777767606660 
?770666o66A7666o^6 7o676 7608767A7A766A66o 
9776666667666o6o*7?6**A777*7*77767665666 
88777777*78 777877877*7777867*770*8/77777 
88777777*7*87777*777^7*77 777*777777766*7*
*777676666777777*777*077777777/7*7*777*7 
777766*6667*7776*777*7*7777?*7776787666 7A7«6ABM07 
77766606A6777676*777*7677777*77777777777*7«ofBKo 
S8«7*7/76677*777*777*767777777/777*777/7*7«o" 7 /o 
*787*7/7*777*77o*7777777777o“7/7*77777 7 7*75o''7/77 
7777*7777777*0777777*77777777777776760*7979680
*77677*;’ 777*777*77677*77767*7*7*76o60A7*8*o*d/7* ________ _
777666*77777*677*7766667777067*777Ao6660*8*b*7/7*b67*/*/*y 
77776666*67777*777777777777877/77760*7*7*7*7A7/7*7*7*7*;/tJ 
*7*77 777*777*777*77777*7*777*777*76677A7*77fcA4/6*7/7'’ /*77^
7777*777777777777777*7777/7777777777677**770“6 *67**7*7*77 
777766666667677**777*777777&7;7777/7*7*/77*777*777/* * /" /
66*7*77667676777777777*68777676746666668*667*0/6/767 '6*/*87 
7776666666666060*776*7*6**7 7*7*767Ao66666?877 7/7*7*o**7//c"
7776666666866666*77777777 7*777/767608666/78777*7*7*0*77*70/
7676666066866666*776*7/77 777*7 77866686*6/7*7*7 /7 * 7 /o * /7 /’ 
777777*7777777777777*77784808876ma7777*8»?67*/*7*7*7**"7*7/7'«8777l 
*7777777777o66’ 6*7777777AoH8887888*7*7*777*7»7/fe7**7'’«.Pc./7/i,H577H/J 
7776/66666606686/06757877777*776* 78766/7*777"<jHb*7 *7»’7*i,*77oR7777a 
777777*776*77777/777*777777 7*7777 767668 7*777 ''7 /7 7 7 7 7 * /'7 /0 //7*7777*0/ 
77777777?6777777677777*7777087777777/6*/*?*7A7/7"7*7Ao7/777/47777718*
7777*766*677*777/77/77777777*7*77777677**7*68 7 /7P **6*0*0/7''o«877*718. 
77777766*6777777*77777777*77*7777760/6*7'»77t"0/7“ 7*6Pa’ //7>‘tifl77777183 >99*
7777*78686766777/777*767777a77*77 77 7777 7*777*7*7i7*7'’0 * / '7 ‘‘oh87777 «8:

7?77786 76777777*777*77777*8P8777777/*7 7*7*7W77777*7*7*/*(,Ho88788818))9o, 
76777777767667777776*7*777?777*77766/687*77777/7*777?**/*o/oH7?777*4'
777777*77676A77777*6*7*7777787/7778o5687***7“ 7*777*7*07/77/0377777781»90>
*77777*77777*777*7707 7*77777777 777605687*7*o‘'«/777*7*6*t77AcHfl77 74 «i 
7677777676706677’ 77076*7777777*7*777*777*7’ 777/7/7*7’ 77?/7//777777*7l 
•»6777786*6766777*776*777777 77777*78t/.687*7*/*7*7*7/7*7*'/*7“Oo87777*8.
667777777777777767666 77877776777776o666 7*7*7*7*7*77o*o6/*6 //7 6 8 6 7 6 * 7 7 ^  
?77777*7*777*777*777*?*77?777?7778776777*7*077*7?7/*?/*//7//H777774R7G'«A:APAr6H'1
777777777777777777?66 7?77777*8*7787o67?7*77o77//777/7777/7*77756*5*77CAa<7iAFRM;t9c
8777*7/7*7777777/666/677777 767/77686668 7*777*7*77 77 t’ 76 777//77867777***fl''777777 
67777777*6777777/666/67a777 78 777770O808**7*/-»7*7*/767/*t*0/77766*6*777*7*777777 
6686806o86677760’ 77777*678*8*8/7*767/7 77'’6 /7 7 7 /7 /7 /7 ’ /*/6o»'77777773H?7-»7»7777773”
6776A6868666/66o/0766777R8"o78 767/7/77*7«777*777*76/*77//.t,7/777 77 718ft7’ 7*77*776*«S*M' 
668066ftO668oA86o77777776*77876/777/777*7''o*7P7/77/*7*/’ //u/774777?7ft77*7 «7P?777*67*7 
55666866665605o666686656086665666H55556‘'5/o/68o/-6/o/-0/o/5/er.677o*'»6/ 776*6777776h8'-66T8 

/ 556666666A586S066/ 7 8665 806 68666866 O6666/ 5/ 0/O606O/0/O /0/ î)/O/i677n7686/,*8’6*'’ 776560'-555/7 
55566066568>5666/68767656666/6606û6O/6/6/5/66O/6/060*O/t/5/O,.67787*,6/'8',6 ,67780*660/,5555* >99 
5556606666866066/6676o85S586866o558o‘»6‘,6‘=566*o6o80/6/t/0/5/87o77o?',6/'7*’7 ’887?77o66..664A7 >909
555656666660A0S0/6608765606o80/,o/050/686/670/o6080/0/O/o/-5/o75**77 ,6„6/8*877866868',A55/7 >9090 
55M65665'»66566''6/66767656066866055606056/5/0/0/6/680/6*0/5 6o76776656/A/6''886|.6o068/5555; loayl? 
5566866666868066/6676785666666806566/666/5/0/0/6/06680/0/5/ *7o7685',7o5/6',868f 686''6 ' 55 //«  «999999 
55S66666666o66H5/66066655686/0805855«;575r5Aft/0/o'0/0/08o/5' /76777686/6’ 6 *67*770506» 6S6/7 '( /HftdR9
/5/56666/6A5S5So6o6oA05555A,05h5/565/5/5'^56o/o/0/0''6/o/0/5/o657686/68 8/A ',68Af 885/ 6» 5S54(f 6/8 ADM89 
65S6608A66666650/0606666S0806660/5'»5S5/5'^670*767/0/0/67 7 /56*76*777',o76/6 ',686* 865A0' 6/58 
«;5866086A660/6A0/6608765S06666506680/6/6^5/0/0/6/080/0/i,''5//76n78767o8/6''6*7< 77 6';6»'5/6S0'«bSHnâÂ̂
/58666866665/o8o/68666/5S066/6A0806o/0/6<5/6/06o/0/0/660/ 5/ /76S77777».7?7^7*7777*68, 6/ 5/ 7APS416M77*>9
»;566868o8686/665668786656666608666686666/56o66/0/6/0/o7o/5>*778777*7t7'»7*;77*78666»-6/'7/71fl/4ftd777l «0*>
S5S565‘,5n555S5S5/6S666‘*556666656Sj‘»5S5i6/5/o*0/O /66o/6/0*5/O 867777/787,/8',8688/8568 ’ 6/ 6/ 7*7777**77 *869 
/ 5S5S515H555S55566666665A566/ 655/ 5/ 55555/ 5/O00/O/O/O/O/0/ 5/0667666 ,8 ',8 /6  ,68f.686866. 5/ 6/ 6*7*7*77771 *87*9 
85666686868680666687778566866685608o86/6/5/6/6/06o6 6*o6o/5/686768656'-6/6 ,666< 88686"6/6/0*7*7777777*7*779 
/580/6558685/656/666868586A o/7oo/550S5/6/66o7o/0/0/0'06o/5/776776668»,6/6 ,0*61-7»,6S6' 5/5/6*777778777 *7*77*0 

6A 6A 6866686668666*087856o66/0/6658o5656/0/o/0/6/0/o/o/0/5/076*7*66780/6''688oAn6A6666*/7*77777*7?7>77766*9 
/586*i0/66686668o/667878560876666*6555555/886*0/7/0/7/0’ o/5'77777776666'-6*0786686''.6"68 7/<»1B7778*777 *7«777*79 
*^68687*66766/787/67777/06677*7868688/6l'6*6/7*7A6/76g/o7/'-0777777*7*777*7■’77'*777786/867/77777777777 77787"'779 
A677*77687777777/777777677778777676?77/7/066/0/6’ 0*7*0*<,‘ 0/o»,07777*787‘’7 ’776607786/6/7/6/7 *7777066 6768777779
866?66868680666o877777656o778786608o8686/6/o/o/0/0/ 7/;*7/5*7776777*7o7*7>678f6f,6f8>-5/7/7*7®7*36777 «86777*78769 
6667668o668680866677777566 7 76766606066/6»5/0/666/0/0/0'*o»5/u„6768677ft6/6 ',678< 68560/515/777777 777*7 7*6/7*77/699 
6687666666666766777776*666766680A060/660*466/066*O/7»6*//56OiA677*77687’’7*078f,O6586/'0/7/77777*77787 767876777*3791
8777777777777777*77777767777*7777777*7*7/ 687/ 6/ 0*o77/ 7*77o6f.8677o8 *786? 6*676*6o686»'06766/ t /6668666
667666/666606660677777*06070*?Ao60777787/66660/0*o777 77o66/o767776o787*7 >776/ 77586'-66667/777777080............................
6677676067A7*070/6A77770777777/7777777*7/086/0/680/7’ 07o'0 '7*7B7777 787*7’ 7*77777o6,•66687/77777708877777776667777 
7676608066806060/66777/677777777667777*7/6668066/0*0*7*7/0*/77777?*776/7',7?8777&88''08656/6*6777666777*7?7666778 
6676677687Ao666o6667*77o777777776o7777/?7o6o7o/0/07o*7*/66//7777777777***777?77787">6/687/777777A6o77?777*OA77* 
6686666666666O66/66776666777777066/o77/7/566/656/o*7*6*0»5*/77*777*767-*’ 7787675»,6''O6667/7/O867o86777677658080f6»tR6A9 
6676/6*666706660*767*7767777*7*77777*?/7?677*767*7*/*7*7/0*77777*7*877*8*77R?6N777*76**7*7777076867m7777666o6747/5R1 MTIC Gllfl 7777777777*7*77776778767*777/777676777*7777777776    . ................. .................................................................. .......................  ................ ......................... ....CF 8|AZ G14S ,&666868686A6/66666666666A566/6/08666/6666666*666R6A6666666A66666606666*667*66666/6666685/550/0/6/6 *0/ 08(,/6/o» 5/006*776»,6/8'.6',686866 77//76776/65086666060/6S0676o7086»?

......................  ■ ■ ‘i66666666o8066606666666o777566666660666o6660/6/0/666/06t/o6o/5/o8676*6*7f.6/6',67677ft686666666/7767776887776676776777o*086^6> 19
6467*7 *0677776*0/667*77667776770/7608666*7/7*767/0/t'O6o*0/77676777777'’7'’777*77777*77770*6*777786777*7676867777tt’ o7666 »«. 
666?77*77777*777/66?77R67777777777666667*787776777/0/o7 7*6*77777777777*7*777?77777777**7/7&AA67666877667A7877777|*t,?7*O>>"89 
666777776777*777*7777776777767777777*777/6«6/5/e*o66/66065/086766677o6/6S66/668666/06460/670677686*7*8676080*7/7/777*6^ >8*89 
A6A7?68 767666666/667*7A56667A66666665656/6/6/0/76oA6/6*0'5 7 7777777776777*6*777A086/667/6*7777 777*767?7A7777/f.7?7*067*6)>*7*79 
666666868 7777776667767666666«666S666/6/6/6/O/08O/66o/06o/568867676'»686/6S668!,6S666»66466/6*777708766*660677/777 7777660/ ,6777*9
6777777777777777777677767767666650868666*767*7776767/66070//777777*7o4/6>677776777*7*7*6*6/667866666868867*;/687*86866/ >*777*79 
'  7677777*777*777*77777777777678667808666/6/7/687’ 786' 767 7t*/777777*777'*7*77777777B*7778677777676*667*66887h76(,A*’’o86*6’ .**RT777|

CE BIN « 4 8  666680/66666/6866666068666/6/66680*666866666*666
CF PLAY « 4 *  *676**078786/6668777668 7*786*7**0777*0677776*767 
CF UDA « 5 6  66668606668606666666666686866646668606668666*770
:0 NANI GI48 *77777077777*66477776787*7*7*7*787777777*7*6*777 
0 DIPH « 5 9  6666660666/6066666666686866606466686600686668666 

BR ACPT GI44 6666666666/60666666666860660/666868680/686668666 
,RTM SP 028? 6666066666666666666666/68666/6668080808686668666 

7667866767777777767766768777*6778777*666**77*77*
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L NDNn ng

9999999*9*9
999999990999999999999)9 99999499999999 999994*99991999 
9998149994*1*499

**94*49999*4*49999 99999499999>9090999
9499*484494******99
999**9*49991**9*998*9

l  MON* 139

NOltn 138
l  Hntif) 123

l  MONO 133

l  HflNt» 13;

Figure n Similarity Matrix B 

I -A -  ( 1 8 0  O T U s ) .

L.MUR G44 I

**@*984*4*4*4*4*, 
4*****4***4*194****8**, 
*844**49444*1****8***0*99 
4*4***48**4*484*r*48*8«0*9
*848*77***481*4***897*44*99 
*84*4848(1*48184***44***08999 
*848*848 8 81*48*849*8*984*99 
88**4*4*48A81844**48?8%9*4*499 
48*8*8 48*4l*1**e*74877«9*9*4999 
8***4* 48f*4*’*4****B7'%*84*49**9 
4848*848H*A*1*4*f.*A8784**9*999*99 
4**84*48*44814****4878**4949999999
4*8*4* 4844A81*8****3477*J|MI|I^9I||II
777777777777177*7*48777*47484*7778**9

L H0N1 «5A 48484*48**4*1**7777*777*48474*4*48**79
7777777777’ 7’7777777777777777777777777' 
7777777777771776*87797777777777777*767 
7777777777'7’77777?7677777777777774767 .

(56* P?66777767’ 77777(,6766776677777777776673 >49 
LA.CAS I ’•.66R7777777777-»77777797767’ 777777777777667( 1*99 
LA PLAN 677 7777777777'»7?7776A77677777777777777777 1**4'
LA.PLAN 677 R 77777777?7'7'>7777777677777777*7*7*4778l 1*8*99 

A SAL 17* 776666A6A9'9l76666A6667y?7?;?7,y77,*A7] 14*4*4-
.A SAL 179 786666IS666/6/6661-66666/777777777777667:
LA MALI « 41  7777777777’ 777?7677766677777'»7777777777 
LA MAL' « 4«  7777777777777777677766A6A777777667776778487777 

THCm 14/ 777777777’ -»77777<77767777777777777777*7777784*L, . 
MM ThFRI r.*-* 7777777777'*7’ 777f7777777777b777*77777*7777784847 
MX THCRi 1.84 77777676f.6"'6’7V6676766i77777^?7777777877777B48*7 7

MX THFN1 f.91 7777777777'’7777?67776777‘»777777777777777777747771 
Mft THF41 194 7777777777777777*77777774778777877*77877777*47*77(990909 
4M THFRI ».l"6 77777678h8i7»777877767777777777777777777777777777 19909990
I ThENH 611" 777777»777’ 7»777777777-'74747777*77477877777ë47477 199090909 
in ThPRI r.9" 7777767776"7’776677768/77777777777777777777777*7) (99099*4*9
II THFRI f>l"877*77<,766A'6'776686766ft77777777777777777777**747) (990999*909 
1* THFRI ll"A 777777x606777776676766/77777777777777777777747*7) (99090999090 
MR THFRI R141777777777777’ 776676766677777777777777777777747*7> (99«909094909 
Mo THFR-1 n*0 7777767666"6’77667A66677?77777777777777777777777)(9*99999*990*9 
MM TMFH I 1143 7777767666’67776é7766677777777777777777777777777) 14809990*99**09 
Ml THFRI (19** 77777746(67777776777*777777777777777777777777777) (*80909090996090 
MM THFRI r.9" 766666S666/6'76l.67o666"676777é676776777777777777) 7**090*9*99090909 
MH THFRI f.1/5 7676666666/6’ 776(.76666677777T77767777777777777771 799090908990*9909*
MH THF» I r.l"? 7777?6’66677?7776777677777)6777777*77777777777771 79909090**809990999 
MH THFRI r,9é 7777777777777777677766777777777777777*7777767777:79909090*4*960909090 
M THERM CIO" 76666666/6*6''766676666/776777777677777777777‘'777 79808090*49*809*90909 
H THERM cm ’ 66666656(6/61666666666/6767776566676677777777777 188490808490*090909099 
MM TMFRI r,91 6666760606/6,76667766677777777777777776777777777 748490*08480*9699990899 
MH THFRI FOI 766666766666/766676766*7777777777777777777777777 79908090*08469949090*4*0 
M therm cm* 7767769777’ 6777767?7677777?7T7777747777777777777 1464909084848090949*88949.
SF orn 4 v r o  777777777” 777a7( 7676767777776/76677677777777777
Sr SP G 613' 777777777’ ’ 7’ 776777777/767777767667767677777T7777777)777777777777777)777’ ) '9 
SF SP H G13" 77777777777777777777777777777777677767777777777777777777777777777777)7776)'90 
sr  Füll C f.l‘»2 7777777777’ 77666677777/66766/é/6666667677777777777777777676676767677T777/ '649 
5F lu* 1 ,:i’ A 7777777777’ 7777777777767?77777/7667667777777777777?6A666A6666666A6A666A66)‘64o0 
SF AGA I r i ? l  7777777777’ 7’ 77767777677777777777777677777777777T777’ 777676777677ft677**6/«'64849 
sr SP E Slpo 776777)777’ 7‘’66666677667/777/747677767777777T7777777777777777767T77777T777 1*464*0 
Sr SP H W3A 7777777777’ 77777777777(77777777767776777477777777777777767777777777777776)184646*9 
SF H « 3 6  " 77777777T7’ 7777777777777T7777776774777777777T7777777777777777777777777777)'846*7490 
Sr.A 11 >8 R 77?7777777’ 7l777788777777778777777777777777777777777T7777777777 77??7?7777] '64648*849 
SF. 8 G121 o 7777777777’ 77777777777T74778T77777777777777748877847*8787a777777777777777)1*48 76*6480 
SF SP r  «3 0  777777’777’ 7)777777777777777677766777767777777777777?7777777777777?777777)l«4d4748"6*9 
JF SP 4 «310 7776?676A677766?77666777677766666676676777667777?777767777796677777777777( 1***47*846*60 
SF.SP K GI3IT 777777777777)77777?777T7777777/777767666T6666776666666666666666666666666/( 777777*77o*849 
SF C G127 " 777777i67777777777777776A6777t566e7677A7766677777777777777777777777777777)tâM2mAa6û6*
:F UB 013* 77777777A778''66666A667/6A766/666667667777777?7777777?6777767776667?67777A7*84847Ô8477B77^
6f HOV I r.l"* 77767677(,7777666666677677777?777677767777777777777777677777666767677776767488aN8*647*747 
ÎF CO"M GlA" 776676776777766666066667777777776777777*7777777777777777777777676676767776468848*8474*47 
SF FAI 1 « 2 5  7777777777777777777767777777777777776778774*4777777777777777777777777777774*47*846777779(17' 
sr r*v » Ll’ A 777777777777777777776777777777777777A778777»«77777777777777777777677777767»88d4«4877»777:
SF LU 1 r.i’ 7 77777777777777777677677777777777777767787848477777777777777777777777777777»7"748*877*779 
SF 7YM 1 f.i’ A7777777777’ 77777767777777*7777777777677*7*484777777777777777777777777777A7»8*8*B4877477t 
SF SP 0 G13* 7777777777’ 777776667A777777777777777677778787777777777777777777777777777774*474«7*777776»
IF SP G13" 7777777777‘’7777777776777777777777777777*777*77777777777777777777777777T777*848*648*7"777'
SF B « 25  P 777777777777777777776777T7777777774767777778477778777777777777777777777777777777774*4760 
LA ACID G(iO 666666(,6/6^6/667667666/677767777777667777777?78777777767777777777?79777777777667?7777777 

A Rms r.AA 6666666666/6A6666666666666767667677666A777777777766666666666666666A6A6A666666A66777776776667A6A6/6'
7666665666/6 ,666666566/66676/666677667777777774777777766477777777777777677777777777877777777/666661 1*9
7767666067767677(.6A667f.6/6/66646667667A77777777777777666/7777777777777767777777777*677467777/6/666' ,'90
7667665666’ 7',777666767/6/77677/777766677777777767666/6A6A66766666666/666/6/7777777 77777«7767/666/6/

TIELB Ü68 686666/6/6/6 >66667A667/.6/666/666666666/77666/7767666/666/6666666/666/669/6/667/67777777*7767/6/6/6A 1*84*0
LA SP G/0 766666*666/6',666(.66667/6/6666656A67666A7776?777776776666A66966666666766676777777777777N*7767A6A966(l*a«6*V

A LACT G75 777666767777’77777776777777777777777777847784848784877777BM7777777777777777*877747*64777777677777?),7*4*780
LA.flELB 4.41 7666A6A6A6A6',6A6f66667/6/7777656677647777777784777777777777777777777777777777777774**777 7777776677 
uA RPFY 4)/? 66A666A666/6'666(.666A6/6A6766777A7776677777777777777A77677777677777777?77777677 7777777777777/6/6/7/
LA.HRFV »/2 R666665A666/9/56A6AA666*6A6A6/66666A6/6677777777776676666/6A7A766A7A6/6/676766777777777777777/666A7/77677777 
LA.RITH 063 6666/6/6/6/6/666666966/777767777777767684788*7777777777767777766/667/66977777777777777777677777777777777677: .
LA.nifCH 4,63 R66A6A6/6/6/6',666666666/6/7/6/6/6A77667784748?7777667/6A6/7777766/666/866667667A777777979677777?77777?877777] >*99..
'.A PERM G/0 7767A7797777)676666766/67766/667A676/778*7777777777776é6/7777666/6A6/6666677777777;8778e777777777777*8"B*B*{ (74*8
:* PERM ri G78 7666/656A6/6/66666/6/6A6777677776776677847787847777777777777777776677666777777777778*7*77777)7777777*8*778*
LA PERM 2 1)1 7666767666/6/6666666667.7/766/656/676/7784777777777777777677777777777777776777847777778(177777777777777887777 
.A LEIC G76 6666/6A666/6/6666666/7(6/676/666A776/7/77777777777777777777776777777777677777777777877»67677/7/677/7*6*6*»Pl
cA CELL G/7 7766/666/6/6,666f66666A6/656/666/6/6/6684777777776676666A7 777766/666/66666777777777777777667A7/6/7/7«8*8“87|
.A .CELL G/7 R66/6/6/666/6,6/6666666('6/6/6/666A6/6/667*77777777666/666/7A66766/669/667/6777777777777777777/76677/77*77)771 
d EUR « 7 7  66666666/6/6/666/77666/6/676/6/6/6/66667777777777666/6/666666669/969/66666777777777777777667/6/6/6/77777777^
» FUR «7.1 66666666/6/6/6/7/77666A6A667/656/6A6A6677779777776A6/6A6A6/6/666/6/6A667/67777777?7777477667/6/6/6A??777)77 777777777*ë
9 EUR G174 66666666/6/6',67î/77666A6/677/656/66666677776/7677666A666/666/66666/6/6/7/67777777777774776/6/*66/6/77777777777777777Mi
R.F'IR « 7 2  " 7767777766777677777776A7/677776776767767?7767778*7777?7777767767/7677677777?777777787747*767/6/6/7/77747?87777777i147*t_
G HaEM 18? 7777/77676)7)677616776/6/67767/76676676777767777777777776777776667/6/766677778777788*7778777/667777777*777777777777777^
S HAEM 18.1 7777A666A6777677777777A6/57?7767A77667667776777777777777777777777777?77677777777)77*7748*777/67767/77***7*?777777 77777l8d
G HAEH 1*A 777?677677’ 776)7?7?777x6/6?776666676A7667776777777777777777777777777)777?7777777777878*887?7)767777?78*8787777?77777771i
G.HAEM }*? •» 7777777777)7)677677777x6/5/6/666666667777777777777777666676777667666/666/7777*477748P848*777A747/7777646)B77777777777 7777ë
ERT.RhUS r,m3 777777?777777777777777A777777777667778677667?77777777?77?777776777777?677777?777?778*7877777/766677777*7)7777777??7?7777777?7 
CRT.RHUS Gl4A7777777777)7)7)7777777A777777777667777677667777777777777777777777777?7/77?7778*?7778*6*7*77777A6777777*7)7m7?77 77877777777’ 7*
ERT.RHUS « 4 5  7777677777)77777777776A77777777?777778A7?667?7777777777?7777776676/?)?667777777 777;8*8"»*777776677777747)7877777m8?8*77777*81 
ERT.RHUS Gl*6 777767A6777?7777677777A77677777 777777767767777777777?7777776/7667667/6667?7776777776*8*7*777777777777777778777777877777777'4*l 
ERT.RHUS Gl03 7777/67677)77777?77777777777777777777767777777777777777777777777777777?77777777777*8*8*8*?77/6/6/7A777*87777787778777777K8*8«
E.RHUS « 8 3  R76A6/6/#///7//A/6A7A6m67&76/6/6/6A677/7766A)777/7?7)77?7776/777?777///A?777777?77 777?7?*&?6A6/6//767?77/777)77777?77???7?)7)
C.RHUS « 44  4 7777/77977)7)677/77776/7767677676676776776677767/777777767/667666666/66677777777777777778777/6/6/7797777/77777767777777777*77 
E.RHUS « 8 5  R777666/666777676666776/6/6766766666677667676777677777777677667666666/66667777777778777778777/6/566/77777/77 777777777777777*87 
f.RHUS «86 R7776660666777676666776/6/676575?66/677677677A7757777?77777766766A767/766777?777777777?778777/6/5/"66577776777777 77??7?77777*77(
E.RHUS «00 R7776666666)77676(i76776677 7767777667677677677777777777777677767/6A66666667777777777877747*777/6/6/7/77 787778777777477777777*7’J 
ERT.RHUS G r0  6666A666A6/67667677796(,6/6777746777777677777776777777777777667667767/76777777??7777877*77?77/6/667/777777?777*777777777778"m1|
SE.SUIS « 9 /  7777777777)7)777777777)77777777 77777776666/67667677777777777776777777777777777677778*7777777/666676777777777777976/7/6/7/7)777(176 77777)
SF.SUIS « 97  7777777777)77777777777777777777777777867777777777777777777777777777777777777777777887847*778)76777/77*7777777777777 7777777)777481487*87**1 
SF.SÜIS « 9 0  7777767777)7)777777777A77777777 7?777786777777777777777777777777777777777?777777778887777*778/66777777*7777777777777776A7/7)7)748P?8777?8P|
SF SP M « 35  77777676/6/6/666666666/6/666/66656/667667666/6677777766666677766/666/6/666787077787778*77*77676777/6/7777767/7567777777777*7)777777777)
SF SUIS «41 67777777777776*7996766/77776/666666667A766/6/6757667/6/6/6A6/666A6/6/666/6488877487776887*777767776777777777A7697 7777777??)7)777?77777)778*)|
SE SP 0 « 3) 7776667776/676A6666776/6/666/64656/666677676/6677666A66666A6/6666666/666/6777877787777477777)777776677877777/77 77777777777)7767777777777767i 
LA ACID 1 G/l666666A656/6A666/66566/66666/66666766767)777777777777666/77776777776777677777666/77777776777/66666/87777777079/6777776A9/6/777A77776/7)77677/
P SHERH 015Î 7777777777777777666566/7/7667777/67667677777777777777?77677777777767/677677777777?9677777777)77777/6/777/677/677777777676777)777776675/6A676?6?j 
P PETFR « 5 1  777777777777?777/77777/777777777777767787777777777777777777777777777)7777777777777777776777777777777/777/77777777777777777)77777777 777777676767d 
P PRElINT « * 2  7777777777)7)777/77577/6/6677766677667677776777777777777777777777777777777778?77777777777777777777/76777777777667777777777777777777566(^6)777777d 
P PENT « 54  666666A6/6/6S666666666/77777776767767767?88777777777?777777777777777777*?7?777?7777777?67767)7777777/779/6777777A677777767)7?6?77/7666/67777777j
CO INSm «*676667767A6/6/5/6/66666/76766/77 766766667477766676666A666/6/5/666A666/666A6/67676/766667666567777/779/666/6/6A577777677A767/6/6777776A6/6/666/676T 
SA AUR « 7 7  7666666766/6S677?676A776/7676766A77666677766/?66/66966/666A66666A666/66566777777776777777669?7777776/6666669/6/67777/677?777)76/7775/6/6/6/6/6/67774
SA.AUR « 77  R77777777A7’657777779A7)777777777777667677766/6666766/666/6566*777777A6*766777777777777777756)7777776/676/666/6797777/67777)77777777566/676/6/666777i 
CO INS « 5 6  R7777777767)6/7677675677777A7677?7776/76777?677666666766666A6/667/666/666/667?7777777777776/6)77777766676/669/67677?766A777)7)7A676)5A6/6/676/666?774 
P SHER « 5 1  4 646666766666/6/7669566/6/467/667/67666577666/6666666666766666666/666/667/6/77776777777477666/6/576667777)777/6767777777777)7)777777576/7/666/6764777'
K ZOP « 1 5  66666666/6/6/666666666A6/666666656666656666655566666/666/6/666666666/6666655666566/6666655$5/65556/5/666/666/6666656/67b77/676777675/6A6/6/6/57576A67676i
X ZOP 6116 66666666/6A6/66666666666/666/6665666669666655556666t/666/6/5*666A666A5*666/6é666/6/666/66S66/6/6665§6666666666666666666677/6/6//f6/6/666/6666675766677777|
K ZnP « 1 7  6666666666/6',6666666666656/6/66556/6/696666555566666/666/6/66666/666/66666/66666/6/6/66666/5/6665655/666/666/6696666/7/6/7/7)6/6666666/6/5/5/66576767777^09
K.ZnP « 1 7  P 6666/6A666/6/666667666/6/9/5666686/66656666565566666/6/6/6/6/666/666/6666686A665/666A6666555/»565S95A676/6/5/666/666/66667/776&A/66666/6/665/565/6767777^490 
X ZOP G16M 666666/666/6/666666666/6A666666685/66656/555*556A566A6/6/5A6/666/666/665A6/66666A659/667/555*55555M67677/769/666/677/6)777/776666656/6A6/665/675A6A6A6667h7*49 
X.ZQP G168 0 666666/666A6/666*66666A6/666A66656666956655559666666/666/66666666666/666é6854695/696A666655989555596A6777766/6666666/67777/776/6f666/6A6/6/5/665666666/67|_l,
Ml LUT « 7 9  66666666/6/6/66646/6A6'^6/666566655666656/655/5566666A6666666/666*666/6/6/5/66666/5/6/7796656/666/6/5/666/666/666A676/6)777)77777?77677/66666767576A67777?*F
NI.LUT « 7 0  R6666666666/6/6/6666666/5/6666666566566966555/666666566666655/5666669/66866/66666/66766/6766586/686/5/666/66966556666A677777?T7A6f6/6/6/6/666/665/675/677777777110 
MI.AGIL «81 666665A665A6/56/666666/55566655655A56556A6A566566666/666A666/6/66668/66666/6666666A7A679755685569656/6566769/7696666/67777777767777666A6/6667675667667767878771189 
BR.LIN « 6 5  R66666666/6/6/6/6/666A6A6/6A66666A6A66566/665/556/656/65656/6M5668666*56665*66665/6/6/6666555*55555M5/666/669A966/666/6/667/6/666/66665''6/6/56565A665/6677777?7;14*9 
en MEOIO « / I 6666/6/666/6/666666766/6/666/666/66666566666/6*6/666/66666/6/666/666/6/6666666/6/6/6/6/66656/6/6/665/666/665/6/966/6/6/666/6/6A6/6A6A6(,6/6/6/56577766777677777| 17779 
CD MED « 61  R6666666666/6/666/66666A666A6/6A6A666/6566666/666/666A666/6/6/666A666A666/6/666/66666A6666656/6/6/6/6/6/6/665/666/666A666/7/6/66666/6/6A5/6666555/6667777777847)1778*0 
C3 MICH « 6 2  77777?777?767666577776A6A666/666*66766566666/6677666A7776556/666/6A6/666A6/67766/769A7767656/5/6A6/6/556/6/5/759/77777?777)7)777?665/6/6/6667675777677777778*711777779 
CO BETAF «637777777766/67666/67776/6/6665666566766666666/6667666/67766/65655/666/66766/67766676667767656/6/6/665665666/6/7/66676/7/666/6/66665A5/6/6/5/6667577777676777777I >7777790 
CO.MIC «6 2  46666656776/6/667777766/6/666/66665/66656966565966666666656666656/666/65666/665/9/6/6/6766956/6/6/666/656/666/6/66666/67777/6/666666666/6/666/6657776/77777*847)177787**9 
CO.RET « 6 3  R6666/69696/6/666966666/6/66556665666/6566666/5566665666656/66666/6/6855666/66669/6/5/6666555/66666/55656/669/66966666766/6/6/66666/555/5/555656576767777777777)177874*8*0 
CO RATH « 5 )  9666666696/6/6/6f66666/6/666666555/66666/666/5667666666666/65777/757/67667/67779A767/7767756/*/666S967775667A7696677/77777)77777?7767777766676767776/666/77777( >7767777669 
BR LIN « 65  7666/679/6/66696969766/6/6666666666776677666/6/77666/6676666/696/666/656/6/67666/666/7566665/66966/6/656/679/677/67777)777/6/677769676/5/666767577/7/666777777' 177777*77779
CO «PH « 50  l966666666666/6/6466596/6/666/66656666656A665/666/776777776566696A676/677/6/6676966A667767656*68656566656/769/6/6/676677777777777967677?7A66676657?7697777777771'777777777779 
CO « P  « 59  4-7767/66676766676677766/666676666/6667656/656/66777767777779677666699/66756/6*66666677777769666/966/6/776/77666/9677777777777)777777777777677/676/67666767647761>7766/77767689 
,CE BIAZ « 4*  96669666/666/66/666666/6/6666666/6677686/666/6667666666666/66666/6/9/656/6/666666666/6566666*54556'(666667666/6/66656A67756/6/66696/5/6/677667765667756666666A6( 16666666666677* 
jCE 814 814* 6666/6A69666/696/96676/656/6/6A666577696A665A666/6666666669666666666/66766A95666/66657767656A6/66696/6/6/6/6/7669656/6A6/7/6/6/6667566/6/6/6/665A777/6767677A65 >7777777776677*9
ICE 8|A «45  R6656/66666/6/656566666/6/66666566656768&9666/696666677669676/6666666/65666/676/66676A6667656A6/6/6/6A656/666/6/6/6/6A96666/6/66666666666/677/66566/66666/666A9I 6666666666677*79 
iCO MINI 6160 7777767777567677?77776/7/7776776677777/776*676677777777777777777777776777777775777777776*677)77777/6/6*5/679/666A966/66666/6/6966666/666/666666577777777667776i >66677777767777470 

46666965666/6/6967/7666/6/667/677A776?656/669/6666666)696/666/666/669/666/6/77666/67767/67656/6/666/6S656*6/6/6/66666/6/696/77669666596/6/666666666766777766676, .77777*67766667774* 
frft 7666965796/676666677A6A6A766A66666/77667766776677777?7775777?7777767/677/7/77767776777756657/7)767/6/6/6&666A776767677779766/677?765A6A6/6667666?7?77777777776l>6*6771877776*777779S|0
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Figure Æ Similarity Matrix D

lA
(159 OTUs),

l  1UR ÛJ5

I

II  (CIO C/Q 
LA RULG CM

u  helV ^ z 

LA DELflV*

LA LACT g75 
LA.nELB ti*l 
LA.Rüch 0/3

la PE»M 6A9 
LA PERM y 670 
la  fe®K 2 67i

SF.SP K G1J3T

kP v!L us^ ''m
toy.HMu* i“j*4
ERT.RHUS >'1*5 
ERT.RHUS FjA* 
ERT.RHUS 21*6 
ERT.RHUS «1*7 
ERT.RHUS Ci«2 
ERT.RHUS "IRA 
ERT.RHUS Fjoj 
ERT.RHUS 'ïlOJ 
ERT.RHUS "IRQ 
S« SP M 6138 
SF SU'S ÛMI 
SF SP u « 37  
SF.SUIS 619* 
SF.SUI5 6194 
SF.SUIS 6197 
SF.SUIS 6'99 
SF.SU'S 6700

LA PLAN 677

ERT.RHUS '^l«9 
H» »hF«v 
MR TmFRm «87
MR thfrh «a*
MR TM*RH «98

MR ThFrm «97

MR THFRH «IQ9 
M therm 6110 
MR ÎHFRM C9R 
MR th frh  njfto 
MR ThFRH «104 
MR ThFRH «Iftl 
MR ThCRM «89 
MR THFRH «97

MR THFRH "img 
MR ThFhh «94 
M THERM 6109 
MR THFRH «ifl5 
M THERM 6107 
MR THFRH «93 

“ M«T THFRH T591
M therm aio«
LA MALI 614? 
LA MAL! 6'43 
LA MALI UI44 
P SHERM 6151
P PFTFR 8153 
P PRE'iNn «182 
P PFNT 5i«4 
SF PT1 A «l?0 
SF SP 6 6131 
SF SP H 6137 
SF FOU :  «l?2 
ce fujo B «1*4 
SF SP N 613*

SF SP K 61330 
SP AGA R «1?1 
SP SP E 6129
SF R0« n « 73
SF FQHm 6140 
SF PAL P «75  
SF PAM n «17* 
SF LIO P 017? 
SF 7TM n «178 
SF SP 0 6134 
SF SP 613*

!  20P 611*

Ü lop 6117
K jnP 6117 
K « P  e u s
en INSIO «186 
lA 9APR0 «17* 
SA AUR 617?
SA AUR 0 RI?# 
SA BPTD 6178 
m HTrc .oiio

11*999999999 
19*9999999999
>998*9,999*9
##*999*999999*
19**999999999999 
>1*999*9999999999 
>9*999999999999999 
>9*999*99999*99*99 
>9*9999999*99999*9*9 
19,999*99999999*9*9*
>a*9L9909«99999*9*9*9*9
>8*999*999999999*9*9*99 
18,999*919999999*9*9*999 
>8*999*99999*999*9*9*999*
laOgRT**"***)**,***#******
,89999*999999999*9*9*99999*
I9999999"99999*99999*9«9*9*9 
>8*8*99919999999*9*9*999*9*9*
>#9099*9'’999999999*9*999«9*9»9 
>#*9*9*9'»999'»999«9* 9*9*9*9*999*
18*999*999999999*9*9*9*999*9*9*9 
>8*899*999999999*9*9*999*9*9*9*9*
>8989999«99aS999*9*9*999*9*99909*9 
8*999*99 9 8  9* *9898*8*9*9*8*8*

SiHiiSiSjiliSiifiiîiiiiiîiii»
A8RaR8«8*a48*84eF8*8F8*8*9*O*8S8R808f 
R8R8"8*8"848*8AaFa*8'9"8'8A8'8S8R8Ra4 
R8*8S8*8'848S8*8F8F8F0*8*8*8*8*8R8A8#*8*
*888*8'8"8S8S8F8P8*0F8'8'8"8*8S8R88#*899 
*8*8*8 8 a*8*aFaF8R8F8*8S8*8S8S8R8F8#*9*9*
*7*8*8*8U*8*a*0F8*8F8'8"8*8'8*8R8*e#*8*9*9_
R8*8*8"8'8F8*8*8P8*8F8'8*8'878*8R88*T

S8*e*8'8 8*8*8*aF8*8*8*8*8"8' 8R8R8*8*8*8*8*d
A«A6AaA6'6(>tt*6AaA678A6/«*8A6'6A6AaA*78T7T7Tf
A8A6A,<.b'8/,*6AaA6*8/ftA6«8**'*A6A8/674a6A8A7A,A«
*8Aé/677'7A7A8A,f677T6*6A7A7*r78A778)8877*77A8l |*9 
/8A6/65(,'6/6*aAbAb88Ab/6A8A8A8A8A6ift7888A886A7< 1*8*
7AA6/6**''6/6**/,'*A6A*A6A6A6'6*é/ftA678iaA*A6*7> 1*9*9
886*/a*6«*/,*6/,A*Aa*8A6«8/8*aA6A4«*7*86A8«8A,( 1*8*8*
77/6/868(8X6*6/,/4*4A*A,*4*4*4*4*4/4/446/446*41 >'8*8*9 
77/4/6*4’ 6d4A7/6f7747,/6*4/4*4*477/47?7777*7’ 71 (i?*#)#*
46/,/6A4«4/6*4/o/444/6'4A4*6*4/4/4/4*4*4/4*4/7- 
6444/444/4«4/4/4/4/4/4/4/4*4*6A*A4/4/777/4A7 
74/4/4*4 '6/4*4/4/4/4/4'4A4/4A4*4A4/4/444/4*4/4/7'7*8*8’ i 
77 /,/6 /,- '4«4 /7 /,/77 ,/,(7 )4 /4A 7 /4 /7 /4 /4*7 /4 /4 ’ 777"8*«'8*#8*
/4 4 4 /4 /,'4 '',/4 /4 /4 /4 /4 /4 /4 '4 /4 /4 /4 /4 /4 4 4 /7 4 4 "4 /7 '7 * B i8 * f 8*9 
|/7A 4/,/,(.,A ,/4/,/4A4/4*4/4/4*4/4/4/4/444/4*4)7/777*8779*8*9*
/7 /6 /,< -,(4 /6 /6 /4 /4 /4 /6« ,'6 /4 '6 /4 /4 /,/444/4 /4A 7/7 '8*B '8*< f 8*9*9
/664/4*4/4'- ,/4/4/4/4/4A 4‘ 4/**6/4/4/4744,/4/4/478*8*7’ 7 __
777 7)777)777’ 777"777777777’ 7’ 777T;77ty97H8»7A4T;î874'777/7*7777 
774,/,T7"'4«4/4/4A4/4/4/4'4A4/7/4)7?7/444/4/477/77774T777)777777 
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Figure W Similarity Matrix D
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SP.SP^K__Gt^T

fcRf.HHUS «1*4 
ERT.RHUS «1*5
ERT.RHUS «10# 
ERT.RHUS «iP* 
ERT.RHUS «107 
ERT.RHUS «1*2 
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ERT.RHUS «1*5 
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TABLE I .  D i s t r i b u t i o n  o f  0 ,  1 and 2 r e s u l t s  f o r  

e a c h  o f  th e  15 g ro u p s  l i s t e d  i n  TABLE 1 4 , p age  96



Characters m onocytogenes 1

3
Listeria

monocytoqenes

0 1 2

4
Laclobocillus

1

5
Lactobacillus

2

6
Lactobacillus

3

0  Ï 2

7
Lactobacillus

molt

0 1 2

8
Streptococcus

I

0  1 2 .
a 1 1 n 5 1 n 0 3 0 n

9 5 1 5 1
2 2 0 3 10

7 0 6 0 3 0 n 09 2 5 ? 4 3 0 n 10 1
1 2 5 1 5 1 2 0 2 9

1 8 2 1 1
7 0 3 11 0

0 7 n 6 0 3 0 n 11 0 0
0 0 0 0 1 0 3 f 0 2 0
1 0 1 0 0 0 1 ? 0 8 3 0
9 7 0 6 0 3 11 r 0
9 0 0 6 0 3 P 0 p 0
0 0 0 0 e 0 0 ? 0 1 IP 0
0 0 0 J 3 0 0 3 0 11 p 0
6 0 0 1 0 0 ? 0 11 0
9 0 1 0 5 1 Û P 0 11 p 0
9 0 P 0 5 1 0 3 P 0 0 11 0
3 0 0 4 ? 0 0 3 0 11 P 0

0 0 1 0 0 3 0 0 11 0
0 7 0 6 0 '3 P 0 6 0
0 7 P 0 6 0 3 0 10 0
0 7 r 0 6 0 3 0 0 2 0

P 0 7 p 0 0 3 P 0 6
3 0 4 3 0 6 p 0 3 P 0 11 0

9 P 0 7 P 0 6 0 0 3 P 0 3 0
0 0 0 0 1 f 0 0 3 0 1 0
9 0 7 0 5 1 0 3 0
9 0 7 0 6 0 3 10 0
9 0 7 0 6 p 0 3 P 0 11 0
0 0 1 6 0 1 ? 0 0 3 0 0
0 0 7 0 0 f 0 0 3 0 11 0
8 0 7 P 0 6 0 0 3 0 0 0
9 0 7 0 6 0 3 P 0 0

0 7 0 6 p 0 3 0 0 11 p 0
9 0 7 P 0 6 r 0 3 P 0 11 P 0
8 1 0 1 0 5 1 0 3 P 0 10 1 0
6 ? 0 3 4 0 0 0 0 3 0 1 IP 0
8 1 0 7 0 6 0 3 C 0 11 P 0

0 7 0 6 0 3 10 0
P 7 6 p 0 3 11 0

5 3 1 0 1 1 ? 3 0 P 3 6 2
2 f 1 0 4 3 1 1 4 0 P 3 0 2
0 9 0 P 7 0 p 6 0 P 3 0 11
0 0 P 7 0 6 0 P 3 0 11
0 0 P 7 0 6 0 P 3 0 11
1 7 0 3 4 0 6 1 ? 0 0
6 2 4 3 0 6 p 0 3 0 10 1
9 0 1 0 5 1 0 3 0 11 0
9 ? P 0 6 p 0 3 0 11 0
1 P 0 3 0 0 6 0 0 3 0 3 r 0

0 0 7 0 0 f 0 0 3 0 0 11 0
0 1 7 0 0 0 1 3 P 0 10 1 0
0 0 0 6 r 3 P 0 , 11 p 0
0 0 7 0 p 0 3 r 0 11 c 0

9 r 0 7 P 0 0 0 3 P 0 11 p 0
9 r 0 7 P 0 P 0 0 3 0 10 0
9 0 7 P 0 p 0 3 p 0 11 0
0 0 0 7 0 6 0 0 3 0 0 0
0 6 4 1 2 , 4 ? 0 0 ? 1 3 1

1 0 3 0 ? 4 0 ? 1 0 5
6 3 0 1 f 0 1 5 0 0 3 0 0 11 0
8 1 0 1 0 ? 0 1 0 1 IP 0
7 ? 0 1 0 4 ? 0 2 0 3 p 0
8 1 0 2 0 5 1 0 3 P 0 11 0
2 7 0 0 7 0 1 f 0 3 P 0 0 11 0
0 5 4 Û 6 1 0 2 0 3 0 2 1
6 3 0 1 0 ? 0 3 P 0 2 0
0 5 0 7 0 0 f 0 0 3 0 0 7
0 ? 7 0 7 0 0 ( 0 0 3 0 0 10
0 ? 7 0 6 1 0 3 3 0, 3 0 0 11

2 6 P 0 0 11
0 7 0 P 0 0 P 3 4 0
2 3 0 ? 0 0 P 3 1 6
0 7 0 6 C 0 3 0 0 11 0
0 3 3 0 1 7 0 0
0 7 6 0 3 0 11 p 0

P 0 I f 0 6 P 0 3 P 0 2
1 0 6 1 0 1 5 0 0 3 0 4 7 0
r 0 P 0 P 0 3 P 0 11 P 0
3 1 0 0 P 0 0 3 0 0 11 0
9 3 0 3 3 0 2 1 0 0 11 0

0 4 7 0 3 P 0 0 11 0
0 6 P 0 3 0 11 P 0
0 6 P 0 3 n 0 11 r 0

1 0 0 3 0 5 0
0 0 1 7 0 0 3
1 0 0 3 0 0 2

1 0 0 0 3 0 0 3
2 0 0 0 3 0 0 p 3
0 0 0 0 3 0 IP 1

6 1 0 0 0 3 0 IP 1
7 0 0 0 0 0 2
1 0 6 0 3 0 6 0

0 0 0 3 0 0 IP 1
0 0 0 3 0 0 IP 1
6 0 3 P 0 10 1 0
6 P 0 2 0 0
3 3 0 0 0
<s 0 n 3 0 11 0 0

0 11 0
0 i n 1

6 3 0 5
0 3 0 11 0

0 0 0 3 0 11 0
9 7 n 6 0 3 0 11
2 0 1 5 0 1 2
2 ? 3 1 3 0 2

1 5 0 2 8 3
a 0 3 0 0

1 1 4 0 3 3
? 5 2 4 2 n 4
3 0 n 1 5 0 3

0 n 3 n 3
0 3 0
0 1 0 ?
0 0 0

2 0 0 0 0 11
0 n 7 0 0 0 10 0 1

3 1 5 2 0 0 0 n 0 11
4 0 S 0 0 0 2 0

0 1 0 n 10 1
0 0 0 3 0 1 m
0 5 0 n 2
0 1 n 0 0 . 0

2 0 0
3 1 1

3 0
6 3
5
6
0
0

11
1 0 11
0 Û 11
0 0 11
0 1 0 2

1 0 ? 0 11 0
0 0 n 0 11 0
0 0 0 11
0 0 0
0 0 3 11 0

6 3 1 1

1 Srooth /  ?oup,n
2 E h tire  /  S e rra ted
3 e le v a tio n  -  low convex 
M -  convex
b - fried e ? p .
6 C onsistency -  '- a te r /
7 -  butyrous
8 -  v iscous

10 T ranslucen t colony
11 Hcmopeneouo e rn u lc ifica tio n
12 Piejner.taticx*. -  yellow
13 -  pink 
11* Ttati p o s i t iv e
15 Cfell fo n r  -  Ictfiff nods
16 -  sh o rt  rods
17 -  c o c c o b a c ill i

13 -  f ilam en ts
20 -  chains
21 /VJnerenco
22 liaen o ly sis  -  a lpha

2u Colony d iam eter <i/l-3/>3mm
25 m ecnorphisni
26 R h izo iJa l - a rp in
27 i^ e lle t -  s tr in p y
23 -  crranular
29 -  f lo c u lc n t
30 P e l l ic le ?  R inp/ n e i th e r
31 Kasv ; « l l e t  resuspensiOT
32 Beaded dram s ta in

34 Tumbling
35 C ellu lone î r /d ro l '/s is
36 Tween 20 ”
37 Tween **0 "
36 Tween 60
33 Tveen 90 *'
40 Tvrosine "
41 Xanthine ”
42 Crowth a t  5®C
43 " 10°C
44 " 20»C
45 " 30OC

49 Gluconate oxitiaticxi
50 Irxiole from tryp tor.e
51 I^ c i th in a s e  a c t i v i t y
52 -'e th y l Red T est
53 Vopes-Proskauer T est
54 In h ib 'n  ]jy T hallous a c e ta te  0.01%
55 " 0 . 02%
55 " 0.03%
57 C a ta lase  a c t iv i ty
58 hxidase a c t iv i ty
50 tra r .th  under h'/drogen 
50 In h ih ’n hy sodium c h lo r i

P ec 'n  of p c ta s s iu r  t e l l u r i t e  0.01 0 0 0 0 0 3
CJ " 0.025%' 0 0 0 7 0 0 3
64 " 0.05 % 0 0 0 7 0 0 3
55 Tnl;ii>'n bv te t r a z o l l iu ir  0.01* 37 0 7 P 0 3 P
66 Red'n of 0.01% 0 0 0 0 0 3
67 I n h i l /n hy ” 0.1 % 36 1 7 0 3 P
68 o,eu’n of 0 .1 % 0 0 0 0 0 3
69 In h ib 'n fAT n o t. th io e /a n a te  2.5% 37 0 7 0 3 P
70 " 3.7% 37 0 P 0 3
71 " 4.5% 37 n P 0 3 P
72 " sodium az ide  0.01% 6 0 0 7
73 " 0.02% 34 0 7 0 0 1
?4 •• 0.05% 0 36 0 3 6 0
75 .Armenia frcrr peptone 37 0 7 C 0 3
76 flippu rate  hvcirolynis 0 0
77 A rrin in e  deam ination (♦ox’vpen) 36
78 " (-oxvpen) 37 0
73 AesculLn hy d ro ly sis 0 0
80 S ulphatase a c t i v i t y 37 0
81 R x)sphatase a c t iv i ty 0 0
92 lïlase 0 0 0 7 0 0 3
83 0 0 0 7 0 0 3
34 Has from plucose 37 7 P 0 3 0
85 Urease a c t iv i ty 37 0 0 2
85 ltvi5rof»en su lph ide p roduction 0
97 Inliiih'r. b'/ P e n ic i l l in 0 6 31 0
88 S tren to rv c in 0 32 0 0 ?
89 Chloramphenicol 0 ? 35 0 0 ?
90 C -.lo rte trrtfr/c l ine
91 Ox-ztetracr/cline 34 0
92 E n/thronvcin 0 36 0 0
93 '• T e trac '/c lin e 0 32 0 0
94 ” fA ilphanilanide 36 7 3
95 bovobincin 1
96 ” 01eank,lonr/cin 33 Û

.’Ifllad ix ic  ac id r 0 3
98 S tiF U l’ ri hv Sulphanilairside 0 3

. a t  CO°C fo r  lb  mir.. 1?
100 N itra te re d 'l l  to  n i t r i t e
191
192 Crowth 'In th e  r>r«’*'-.“r.ce n f riitrlt*-'
193 r .ta rch  h y d ro ly sis
194 Casein
105 (llucose breakdown (+oxvRen)
106 ” (-oxvpsn) 7
107 Acid from in u lir . 3 0
108 in o s i to l 2 5 0 n 2
109 fJu lc ito l 2 5 n 1 1
n o n 0 0 0
111 -ne thv l«o luooside 7
112 m elib iose
113 0
114 " acionitol 7 ?.
Î15 arab inose 37 0 f) 1 2 1
116 m annitol 34 0 3 0 0 0
117 p lv ce ro l 0 28 0 0
118 37 0 0
119 rhamnose 2 Q 35 2
120 " p a lac to se 3,1 2 5 n 0
121 3S 0 ? n Û
122 s o rb i to l 31 0 1 2
123 a 0 0 0 0
124 26 8 3 1 6 1 2
125 t re h a lo se ?. 0 3h 0 7 n 0
126 ra f f in o s e  T 0 37 0 7 0
127 m clcz ito se 1 21 3 0
128 c e llo b io se 3 n 1
129 L i tm s  m ill -  ac id  production 9 37 3
130 ” -  reduc tion 3
131 " .  c lo t 19 P7 1
13? " -  a lk a lin - ' 37 0
i n " -  c ie e s t io n 37 0
134 u t i l i z a t i o n  o f  pyruvate 3h
135 56 1 0 3
136 propionate 36 1 0 3 0
137 ” 36 1 n 0 n 3 0
138 4 17 16 1 1 0
139 T alonatc 37 0 1 0 0
140 -k e to -n lu ta ra te 36 0 3 0
141 s a l i c ' l a t e 36 0 1 0 3 0
142 n 2 35 3 8 1
143 Slime production  from sucrose 0 0 0

N um ber of SiRHAsinMch Group



Characters
9 10 11 12 13 14 15

Streptococcus Slreotocorcus Streotococojs
Microbocteriuni Kurthio Erysipebthrix Gemello ALL

2 3 4 thermosphoctum copfir rhusiopothioe hoemolvsans GROUPS

0 ) 2 0 1 2 0 1 2 0 1 2 0  1 2 0 1 2
1 Snooth /  PoufVh
2 E n tire  /  S erra ted
3 E leva tion  -  low ocxivex
4 -  ccxivex
5 -  f r ie d  ep^
6 C onsistency  -  'oaterv
7 -  b jty ro u s
8 -  v iscous
9 H _ b i t t y

10 T ranslucen t c o lw y
11 Vrrropeneous e rru ls if  ic a tio n
12 P igm entation -  yellow

14 p o s itiv e
lb  C e il f o r r  -  Icxig rods
16 -  sh o rt rods
17 -  œ c c o b a c i l l i

19 -  f ilam en ts
20 -  chains
21 Adherence
22 Haemolysis -  a lpha
23 -  be ta
24 Colony d iam eter < l/l-3 /> 3 m
25 i^leonorphism
26 R h izo idal margin
27 P e l le t  -  s t r in g y
28 -  g ran u la r
29 -  f lo c u le n t
30 P e l l ic le ?  Ring,/ n e i th e r
31 Easy p e l l e t  resuspension
32 Beaded .drar. s t a i r
33 ‘to t i le
34 Tumbling
35 C ellu lo se  h’/iJro ly sis
36 'Tween 20 "
37
38 Tween 60 ”
39 Tveen 80
40 T vrosine "
41 Xanthine "
42 C rw th  a t  5»C
43 ” 10*C
44 " 20«C
45 " 3000
46 " 350c
47 " 450c
48 ” 500C
49 C^luoonate o x id a tio n  
53 Indole  from, try p to re  
51 U c ith in a s e  a c t i v i t y
52 Nîathyl Red T est 0 0 0
53 Voges-Proskauer T est 0 3 0
54 In h ib 'n  by Thallous a c e ta te  0.01% 0 0
55 0.02% 6 0 0
56 " 0.03% 8 0 4 0
57 C a ta la se  a c t i v i t y 6 0 3 0
58 Oxidase a c t iv i ty 4 0
S3 Growth under hydrogen 0 0
CO In h ib 'n  by sodium ch lo r id e :.5% 0 0 2
61 • " 10 * 0 0 2
‘j? Feti'r. o f potassium  t e l l u r i t 2 0.01 % 4 0
63 " 0.025%! 4

0.05 % 3 0
65 Irs}iil)'n by te tra z o lliu m 0.01% 4 0
66 Red'n o f 0.01% ' 0 0
67 InhüH n by 0.1  % 1 1 3
68 Red'n o f  " 0.1  % 1 3 0
69 In h i i /n  by p o t.  th iocyana te 2.5% 0 0 4
70 " ’• 3.7% 0 0
71 •• 4.5% 0 4
72 " sodium az ide 0.01% 1 p 1
73 " " 3.02% 0 0 3
74 ’* " 0.05% 0 4
75 Amonia frc r. p ep tw e
76 H ippurate h yd ro lysis
77 A rrin ino  deam ination (♦oy/gon>
78 " (-oxvpen)
73 A esculin  hyrlrol’/ s i s
80 S ulphatase a c tiv ib »
81 Phosphatase a c t i v i r /
82 DJÎase
83 FIJase "
84 Cas from glucose
85 Urease a c t i v i t y
86 Hydrogen su lph ide  production
87 In h ib 'n  W  P e n ic i l l in
8P ” E tren to rv c in
89 " Chloramphenicol
90 " C h lo r tc tra c '/c lin e
31 " O jr/te tracrrcline
32 " E rv thrcrr/c in
93 " T e tracy c lin e
94 " C ulpnanilani'ie
95 " rksvobiocin
96 " OloanikTrrvciri
97 ’• .‘la lad ix ic  ac id
98 S t i n j l 'n  W  Sulphanilamidn
99 S urv iva l a t  6Q0C f o r  15 n ii. .

ICO N itra te  r e c 'n  to  n i t r i t - ’
101 "  "  n i t r c r r r .
102 Crcrwth Ir: tbn r.f % rtrl
133 r.ta rch  h '^ lrc lvn ic

105 olueosG breakdown (♦ox’/gen)
106 ” " (-oxygen)
107 Acid from in u lin
108 in o s i to l 5
109 fiu lc ito l ?
113 n
111 -nethvl-g lucosidG
112 melibiosG
113 s a l ic in

m H a d o n ito l
arabuvDse

116 rrannito l
117 g ly ce ro l
118
119 rham ose
120 galac to se
121
122 s o rb i to l
123
124
125 tre h a lo se
126 ra f f in o s e  k
127 m elezitosu
128 c e llo b io se
129 I.â tn u s m ilk -  ac id  production
130 ” -  re ttuction
131 ” " -  c lo t
132 " -  a l l  a l l :  •
133 " " -  c ip e s tio n
134 U ti l iz a t io n  o f  nvruvate
135
136 o ro rlo ca te
137
138
13Q
140 -k e to -g lu tr
141 s a l ic y la te
142
143 Slime production  from sucrose

N um ber oZSHcnth in each G rm ^

0 0 5 4 11
n 1 24 9 0 11

0 23 2 3 6 9 2
0 25 0 9 0 11

2 23 6 3 9
12 13 9 0 5 6
12 13 9 5

0 n 25 0 11
0 n 25 0 0 0 11 0

21 Q n 0 2 0
15 IP 0 0 0 11 0

0 25 0 0 0 0 11 0
0 25 9 0 0
0 25 1 f 0 11 0
0 13 12 0 0 0 0 0

11 14 0 1 0 11 0
0 14 11 0 0 11 0
0 25 P 0 9 0 0
0 12 13 0 5 0 0
0 2 23 0 0 0
0 23 ? 0 ? 0
0 25 r 0 0
0 25 p 9 0
0 2 1» 0 9
0 10 15 0 9 0

3 0 25 P 0 0 0
0 1 24 0 1 0
0 25 p 0 8 0
0 24 0 9 0 0
0 25 r 0 Q 0
0 12 13 0 5 0 0
0 0 25 0 7 ? 0
0 25 0 3 0 0 0
0 25 0 9 0 r D
0 25 0 9 0 r 0
0 25 r 0 1 0 11 0
0 23 ? 0 7 ? 0 0
0 2 23 0 7 ? 0 11 0

3 0 25 r 0 0 9 0 11 0
0 0 25 0 9 0 11 0
r 0 25 0 9 0 11 0

0 0 r 25 1 ? 6 5 2
5 0 r 25 0 9 0 11
5 , 0 0 25 0 9 0 11
5 0 25 0 9 0 p 11
5 9 16 0 0 0 r 11
0 0 2*̂ 0 5 0 11 0
0 24 1 0 11 r 0
0 25 P 0 0 11 r 0

n 0 25 n 0 9 0 11 0
0 12 13 0 0 0 2

5 0 0 2̂ ^ 0 9 0 0
0 3 11 11 9 0 11 0
0 25 0 0 0 0 11 0
0 25 P 0 0 1 11 0
0 25 0 0 0 p 0
0 0 0 0 c 0
0 25 r 0 9 0 11 c 0
0 0 2f 0 0 0 11 0
0 13 12 0 5 0 2 7
1 3 2P 2 8 0 6 4
0 1 24 0 0 0 0
0 8 17 0 0 0 1 IP 0
0 3 22 0 2 0 3
0 20 0 9 0 11 P 0
0 0 25 0 0 0 0 0
5 0 12 13 0 B 1 11 0
0 17 8 1 0 0 0
5 0 21 0 0 0 P 11
5 0 25 0 0 P 11
5 0 25 0 0 P 11
4 0 1 Q 7 1
5 0 r 25 0 1
5 0 p 25 0 11
0 25 p 0 0 11 0
0 25 P 0 3 0 5 0
0 25 p 0 0 0 11 P 0
0 25 0 0 0 11 0
0 2 f 0 0 11 P 0
0 25 C 0 9 0 0
0 0 2f 0 0 0 0
0 0 25 0 5 0 11 0
0 0 25 Ü 7 ? u 11 0
0 25 0 0 9 0 11 0
0 25 r 0 0 11 0
0 25 P 0 9 4 7 0
3 0 25 0 0 4 0 11 0

? 3 24 1 0 0 7 0 11 0
? 3 0 25 0 0 1 0 11 0
? 3 0 25 0 0 7 0 11 0
3 2 0 25 0 0 1 0 11 0
? 3 0 25 0 0 0 0 11 0
? 3 0 25 0 0 1 0 11 0
1 2 9 I f 0 7 ? 0 6 0

1 0 25 0 0 11 0
1 0 25 0 0 0
0 0 2" 1 0 f
0 25 P

24 1
25

? " '■ 0

11 „
25 0 11

n 25 0 11 0
5 0 1 25 0 fl 11
0 4 23 0 11 0
0 0 25 n 11 0
0 n 23 1 11 0 h
0 0 25 0 0 11
4 1 0 2^ 0 1)
5 0 0 25 0
4 1 24 0
0 0
0 25 0 0

0 22 11 0
0 25 11 0
0 25 n 3

25 0 n 11 0
1 11 0

0
0 25
0 25
0 24
0 25 0

25 3
25

5 0
22

0 25 0 11
n 2 ‘- 11
0 25 11
0 2 '’ 0

25 0 0 11
2S u 0 11

0 25 0 0 11
25 0 11
25 2

0
0
1

30 4
0 0

5 25 9

0 f) 137 12
3 45 104
1 103 46

140 0
3 9 43 106

2 2 0 48 101
2 2 0 101 40
4 0 149

0 149 0
3 1 48 0

11? 0
4 0

0 0
0 143 0
0 43

4 0 94 5' 0
3 0 70 7« 0

0 114 3 ' 0
4 0 113 3# 0
0 0 3 14f 0
4 0 82 67 0

n 0 140 0
4 P 0 98 51 0
1 3 0 53 83 13
3 1 0 127 22 0

0 119 0
? 0 6 0
? 0 145 0
p 0 143 0

0 149 P 0
0 32 117
0 97 52
0 78 71 0
0 111 3 f 0
0 149 P 0
0 141 0

4 0 140 0
0 0 53 9f 0
4 0 138 11 0

0 144 0
149 0

4 26 27 96
0 0 4 24 121
0 p 0 1 149
0 c 0 149
0 4 16
0 0 0P 58
4 0 138 ( 5

0 147 ? 0 1
0 149 r 0

35 114 0 1
0 0 9 14P 0 1
2 2 59 74 16
4 0 , 140

0 140
0 140
0 69 0
0 149 P 0
0 10 139 0
0 79 54 16
0 27 90 32
0 22 127 0
0 37 11? 0

n 0 ■34 I l f 0
4 p 0 137 1? 0
0 0 6 143 0
4 71 4( 3.2

43 10( 0
0 0 47 6*- 37
0 0 47 39 63
0 0 47 2f 74
0 48 30 71

0 28 3<̂ 82
0 17 22 110
0 140 0
0 78 71 0
0 139 IP 0
0 108 41 0

n 0 44 10! 0
4 p 149 f 0
0 23 12/ 0
0 31 I l f 0
0 40 10^ 0
4 143 0
4 139 i r 0
1 0 110 3c 0
0 0 2 0f 59
0 0 25 74 50
0 0 0 92 57
0 0 0 df 53
0 0 0 51
0 0 0 94 55
0 0 0 9f 51
1 0 114 33 2

0 12 1Q4 33
0 9« 50
0 102 1
0 118 0

p 89 6P 0
0 3
0 1 n
0

10* I J 0
Q 140 0. 0
0 14« 0 0
4 140
0 8« 46 14
0 9u 21 20
0 49 ?
0 10 119
0 44 23 77
0 70 40
0 43 6
0 81 f 7
0 2 IP
0 9M 0 51
0 67 0 Ô?

12 lU 127
90 0 5H
53 9?
67 82

0 108 5 36
0 1 136
0 48

U

74
14
78

147
14?
144 4

68 71 3P
144 2 3
141 1
13V 3

0 12 70 107

0 145



APPENDIX IV .

THE CODED RESULTS FROM THE 
NUMERICAL TAXONOMIC SURVEY.



TABLE I. Test Results for all Strains. 2 0 5

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8 9 0 2 3 4 5 6 7 8

G 1 0 1 0 G 1 1 G 0 G X G G X G G X G
G 2 : 0 0 l n 1 1 G G G 1 G G X G X X G
G 3 : 0 1 0 0 1 X G G G I G G X G X X G
G 4 : 0 0 X 0 1 1 G 0 G 1 0 G X G 0 X G
G 5 I 0 0 G 0 1 1 G G G I G G X G 0 X G
G 6 0 0 G 0 1 1 G G G I G G X G 0 X G
G 7 0 G G 0 1 î G G G I G G X G 0 X G
G 8 0 1 G 0 1 1 G 0 G 1 G G X G X X G
G 9 0 1 G 0 1 X G 0 G 1 G G X X 0 Q G
G 10 0 1 G 0 1 X G G G 1 G G X G 0 X G
G 11 G 1 G 0 1 X G G G 1 G G X G 0 X G
G 12 0 1 G n 1 X G 0 G 1 0 G X G 0 X G
G 13 0 1 X G 1 X G G G I G G X G G X 0
G 14 0 1 0 0 1 1 0 0 G 1 0 G X G 0 X 0
G 15 0 G 0 1 X G G G X G G X G G X G
G 15a 0 1 G n 1 X G 0 G I 0 G X G 0 X G
G 16 0 G 0 1 X G G G 1 G G X G G X G
G 16a 1 1 G n 1 X G 0 G 1 G G X 0 G X G
G 17 G G n 1 G 0 G 1 G G X G G X G
G 18 G 1 G 0 1 X G 0 G 1 G G X G 0 X 0
G 19 G 1 G 0 1 1 G 0 G X 0 G X G 0 X 0
G 20 G 1 0 0 1 1 0 0 G X 0 G X G 0 X G
G 21 G G 0 1 G 0 G I G G X G 0 1 G
G 22 G 1 G 0 1 1 G 0 G X G G X G 0 X G
G 23 G 1 G 0 1 1 G 0 G X G G X 0 0 X G
G 24 G 1 0 0 1 1 G 0 G X G G X 0 0 X G
G 25 G 1 G 0 1 1 G 0 G X 0 G X G 0 X G
G 26 i 1 1 G 0 1 1 G 0 G X G G X G G X 0
G 27 ' 0 X 0 G 1 G 0 G X 0 G X G 0 X G
G 28 G 1 X ''0 0 î 0 0 G X 0 G X G G X G
G 29 ; G 1 Q 0 1 1 G 0 G X G G X G 0 X G
G 30 : 0 1 G 0 1 1 G 0 G X G G X G G X G
G 31 1 0 1 G 0 1 G G G X G G X G G X G
G 32 i G 1 G 0 1 1 G G G X G G X G G X G
G 33 G 1 G 0 1 1 G G G X G G X G G X G
G 34 G 1 G 0 1 1 G G G X G G X G G X G
G 35 G 1 G 0 1 I G G G I 0 G X G G X G
G 36 G 1 G 0 1 1 G G G X G G X G G X G
G 37 G 1 G 0 1 1 G G G X G G X G G X G
G 38 G 1 0 0 1 1 G G G X G G X G 0 X 0
G 39 G 1 0 0 1 t G G G I G G X G G X G
G 40 G 1 G 0 1 1 G G G X G G X G G X G
G 42 G 1 X 0 G I G G G X G G X G G 1 G
G 43 G 1 X 0 1 1 G 0 G I G G X G X X G
G 44 G 1 Q 0 1 G G G G G G X G X X 0
G 45 G 1 G 0 1 1 0 G G G 0 G X G X X G
G 46 G 1 G n 1 G G G 0 G G X G 0 X X
G 47 0 1 G G 1 1 G G G G G G X G X X X
G 48 G 1 G G 1 1 G G G X G G X G G X 1
G 60 G 1 G G 1 0 1 G G X G G X X X 0 0



TABLE I. (continued)• 206

Strain
No.

Character Nos.

1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3
? 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6

G 1 0 1 Q n 0 1 0 0 1 G 0 0 i  0 1 1 Q G
G 2 0 1 X 0 G 1 G G 1 0 G 0 1 G 1 1 G G
G 3 0 1 Q 0 G 1 G 0 1 0 G 0 1 0 1 1 0 G
G 4 0 1 0 0 1 1 G 0 1 G G G X  0 1 1 G G
G 5 0 1 G n 1 G G 1 G 0 G 1 0 1 1 G G
G 6 0 1 G 0 1 1 0 0 1 0 0 G 1 G 1 1 G G
G 7 0 1 X 0 1 G 0 1 0 G G 1 0 1 1 G G
G 8 0 1 n 1 G G X 0 0 G 1 0 G G
G 9 0 1 0 1 G 0 G 0 1 0 G 1 1 1 G G
G 10 1 1 X 0 1 G 0 1 0 Q G 1 0 1 G G
G 11 0 1 0 1 G G 1 0 0 G 1 G 1 G G
G 12 0 1 X n 1 1 G 0 1 0 G G 1 G 1 1 G G
G 13 0 1 X 0 1 1 G G 1 0 0 G 1 G 1 1 G G
G 14 0 1 0 1 1 0 0 1 0 0 G 1 0 1 1 G G
G 15 0 1 X 0 1 G 0 1 0 G G 1 G 1 G G
G 15a 1 1 1 0 1 G 0 1 0 G G 1 G G G
G 16 0 1 1 0 1 G G 1 G G G 1 G 1 1 G G
G 16a 1 1 1 0 1 G G 1 0 G G 1 0 G 0
G 17 0 1 1 0 1 1 G 0 1 0 . G G 1 G G G
G 18 0 1 1 0 1 1 G G 1 G G G 1 G 1 1 G G
G 19 0 1 0 1 1 G G 1 0 G G 1 G 1 G G
G 20 0 1 1 0 1 1 G 0 1 0 G G 1 0 1 1 G G
G 21 0 1 1 0 1 G G 1 0 G G 1 0 1 1 G G
G 22 0 1 1 0 1 1 G G 1 D G G 1 G 1 G G
G 23 0 X 1 0 0 G G 1 G G 0 1 G 0 G
G 24 0 X 1 n 1 0 G 0 1 0 G G 1 0 1 1 G G
G 25 0 X 1 0 1 G G G 1 0 G G 1 G 1 1 G G
G 26 0 1 1 0 1 1 G G 1 0 G G 1 0 1 1 G G
G 27 0 1 1 0 1 1 G G 1 0 G G 1 G 1 G G
G 28 0 1 1 / 0 1 I G G 1 0 G G 1 G 1 G G
G 29 0 1 1 0 1 1 G G 1 0 G G 1 G 1 G G
G 30 1 1 X 0 1 1 G 0 1 0 G G 1 0 1 1 G G
G 31 0 1 n 1 1 G G 1 0 G G 1 G G G
G 32 0 1 0 1 1 G G 1 0 G G 1 G 1 1 G 0
G 33 0 1 X 0 1 I G 0 1 0 G G 1 G 1 G 0
G 34 0 1 X 0 1 1 G G 1 G G G 1 0 G G
G 35 0 1 X 0 1 1 G G 1 0 G G 1 G 1 G G
G 36 0 1 0 1 1 G G 1 G G G 1 G 1 G G
G 37 0 1 0 1 1 G G 1 0 G G X  0 1 G G
G 38 0 1 X 0 1 1 G G 1 G G G 1 0 1 1 G G
G 39 0 1 X 0 1 1 G G 1 0 G G 1 G 1 1 0 G
G 40 0 1 X G 1 1 G G 1 G G G 1 G 1 1 G G
G 42 0 1 X G G 1 G G 1 0 G G 1 G 1 1 G 0
G 43 0 1 X G G î G G 1 G 0 G 1 G 1 1 G G
G 44 0 1 X 0 G t G G 1 0 G G 1 G G G 0 G
G 45 0 1 X 0 G 1 G 0 X G 0 G 1 G G G G G
G 46 G 1 G G 1 0 G 1 0 0 G 1 G G G Q G
G 47 G 1 1 0 0 I G G 1 0 G G 1 G G 0 G G
G 48 G 1 n 1 1 1 G 1 Q 0 G 1 G G 0 G G
G 60 1 1 Q 0 G G 1 G 1 G G G 1 1 G G 0 G



TABLE I. (continued). 207

Strain
No.

Character Nos,

3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5
7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4

G 1 0 1 G 0 G 2 2 2 2 2 2 G G G 1 1 1 0
G 2 0 0 G G G 2 2 2 2 2 2 G G 0 1 1 1 0
G 3 G 0 G 0 0 2 2 2 2 2 2 G 0 0 1 1 1 0
G 4 0 1 G n 0 2 2 2 2 2 2 G G G 1 1 1 0
G 5 0 1 0 G G 2 2 2 2 2 2 G G 0 1 1 1 0
G 6 0 1 0 G G 2 2 2 2 2 2 G G G 0 1 1 G
G 7 0 1 0 0 0 2 2 2 2 2 2 G G G 0 1 1 0
G 8 0 G G 0 2 2 2 2 2 1 G G 0 0 1 1 0
G 9 0 1 0 G G 2 2 2 2 2 2 1 0 G 1 1 1 0
G 10 0 1 G 0 G 2 2 2 2 2 1 G 0 0 1 1 1 0
G 11 0 0 G 0 2 2 2 2 2 1 G G G X 1 0
G 12 0 1 0 G 0 2 G 2 2 2 2 G G 0 1 1 1 0
G 13 1 0 1 0 0 0 2 2 2 2 2 2 G 0 0 1 1 0
G 14 G 1 G 0 G 2 2 2 2 2 2 G G 0 1 1 1 0
G 15 : 0 0 G 0 G 2 2 2 2 2 1 G 0 0 1 1 1 0
G 15a 0 0 0 G G 2 2 2 2 2 1 G G 0 1 1 0
G 16 0 G G G G 2 2 2 2 2 1 G 0 G 1 1 G
G 16a 0 G 0 0 G 2 2 2 2 2 1 G G 0 1 1 1 0
G 17 0 1 G G 0 2 2 2 2 2 1 G G G 1 1 1 0
G 18 0 1 G 0 G 2 2 2 2 2 1 G G 0 1 1 1 0
G 19 0 1 G 0 0 2 2 2 2 2 1 G G G 1 1 G
G 20 0 1 G 0 G 2 2 2 2 2 2 G G 0 1 1 1 G
G 21 0 1 G 0 G 2 2 2 2 2 X G 0 G 1 1 0
G 22 0 1 0 0 G 2 2 2 2 2 X G G G 1 1 0
G 23 : 0 1 G 0 G 2 2 2 2 2 X G 0 0 1 1 1 0
G 24 0 G G 0 2 2 2 2 2 1 G G 0 1 1 1 0
G 25 0 1 G 0 G 2 2 2 2 2 2 G 0 G 1 1 0
G 26 i 0 1 G 0 G 2 2 2 2 2 2 2 G 0 1 1 1 0
G 27 I 0 1 G 0 G 2 2 2 2 2 i G 0 G 1 1 1 0
G 28 ; 0 1 G 0 G 2 2 2 2 2 2 G G 0 1 1 0
G 29 1 0 1 0 0 0 1 2 2 2 2 1 G 0 0 1 X 0
G 30 0 1 G G G 2 2 2 2 2 1 G G 0 1 0
G 31 1 0 1 0 G 0 2 2 2 2 2 X G G G 1 X 0
G 32 0 1 G G 0 2 2 2 2 2 X G 0 G 1 X 1 0
G 33 ; 0 1 0 0 0 2 2 2 2 2 2 G 0 G 1 X 1 G
G 34 0 1 G 0 0 2 2 2 2 2 2 0 G G 1 X 0
G 35 G 1 G 0 G 2 2 2 2 2 2 G 0 G 1 X 1 D
G 36 0 1 G G 0 2 2 2 2 2 2 G 0 0 1 X 1 0
G 37 G 1 0 G G 2 2 2 2 2 2 G 0 G X 1 0
G 38 G 1 0 G 0 2 2 2 2 2 2 G 0 0 1 1 1 0
G 39 G 1 0 0 G 2 2 2 2 2 2 G 0 0 1 1 1 0
G 40 G 1 G G 0 2 2 2 2 2 2 0 G 0 1 1 1 0
G 42 G 0 G G G 2 2 2 2 2 2 G G 0 1 1 0
G 43 G 0 0 0 0 1 2 2 2 2 1 G 0 G 1 1 0
G 44 G 0 G 0 0 2 2 2 2 2 2 0 0 0 1 1 1 G
G 45 0 G 0 0 0 2 2 2 2 2 2 G G G 1 1 G
G 46 0 0 0 0 0 2 2 2 2 2 2 G 0 0 1 1 1 G
G 47 0 0 G 0 0 2 2 2 2 2 2 0 G G 1 1 G
G 48 0 0 G 0 0 D 1 2 2 2 1 G 0 G 1 1 Q G
G 60 0 G X 0 0 0 1 2 2 2 2 G G 0 1 1 0 G



TABLE I. (continued)
2 0 8

Strain
No.

Character Nos.

5 5 s 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7
5 6 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2

G 1 0 0 n 1 G 0 1 1 1 0 0 1 0 0 0 2
G 2 0 0 n 1 G 0 1 1 1 G 1 G 1 G 0 0 1
G 3 0 G n 1 0 0 1 1 1 G 1 0 0 0 0 1
G 4 0 0 n 1 0 1 1 1 1 0 1 G 1 0 G 0 2
G 5 0 G n 1 0 0 1 1 1 G 1 G 1 G 0 0 2
G 6 0 0 n 1 0 0 1 1 1 G 1 G 1 G 0 0 2
G 7 0 0 n 1 0 1 1 1 I 0 1 0 1 G G G 2
G 8 0 G n 1 0 1 1 1 1 0 1 G 1 0 0 G 1
G 9 0 0 0 1 0 1 1 0 1 1 G G 2 G
G 10 0 0 n 1 0 1 1 1 1 0 1 0 1 G 0 0 2
G 11 0 G n 1 0 1 1 1 I 0 1 G 1 G G 0 2
G 12 0 G 0 0 1 1 1 1 0 1 G 1 G 0 G 2
G 13 0 0 n 1 0 1 1 1 1 G 1 0 1 G G 0 2
G 14 0 0 0 1 G 1 1 1 1 G 1 G 1 G 0 G 2
G 15 0 G n 1 0 1 1 1 1 0 1 G 0 0 0 2
G 15a 0 G n 1 1 1 1 1 1 0 1 G 1 G 0 0 2
G 16 0 0 n 1 0 1 1 1 1 0 1 0 1 G 0 0 2
G 16a 0 0 n 1 1 1 1 1 1 G 1 G 1 0 0 0 1
G 17 0 0 n 1 0 1 1 1 0 1 2 1 G 0 0 2
G 18 0 0 0 1 0 1 1 1 1 G 1 0 1 0 0 0 2
G 19 0 G n 1 0 1 1 1 1 0 1 G 1 G 0 0 1
G 20 0 0 n 1 0 1 1 1 1 G 1 G X 0 0 G 1
G 21 0 0 n 1 0 1 1 1 G 1 G 1 0 0 G 1
G 22 Q 0 n 1 0 1 1 0 1 G 1 0 0 0 1
G 23 0 0 n 1 0 1 1 1 0 1 G 1 0 G G 2
G 24 0 0 n 1 1 1 1 1 G 1 0 1 G 0 G 2
G 25 0 G n 1 0 1 1 1 1 G 1 G 1 0 G G 2
G 26 0 0 n 1 0 1 1 1 1 0 G 1 0 0 0 1
G 27 0 0 G 1 0 1 1 1 0 1 G 1 0 G G 2
G 28 0 0 ? G 1 0 1 1 1 0 1 G 1 0 0 0 2
G 29 0 G G 1 1 1 1 1 1 0 1 G 1 D 0 0 2
G 30 0 0 G 1 0 1 1 1 1 0 1 G 1 0 0 0 2
G 31 G G G 1 0 1 1 1 1 0 1 G 1 0 0 0 2
G 32 0 0 G 1 0 0 1 1 G 1 G 1 0 0 0 2
G 33 0 G G 1 0 G 1 1 I G 1 0 1 0 0 0 2
G 34 0 G G 1 0 0 1 1 1 G 1 G G 0 0 2
G 35 0 G G 1 0 0 1 1 1 G 1 0 î 0 0 G 2
G 36 0 0 0 1 0 1 1 1 Q 1 0 1 G G G 2
G 37 0 G G 1 0 1 1 1 1 0 1 0 1 0 0 G 2
G 38 0 G G 1 0 1 1 1 1 0 1 G 1 0 G 0 2
G 39 . 0 G 0 1 0 1 1 X 0 1 0 1 G 0 0 2
G 40 0 G G 1 0 1 1 1 1 0 1 0 1 0 0 0 2
G 42 0 0 0 1 0 G 1 1 0 1 0 1 G G 0 0
G 43 0 0 G 1 0 1 1 1 1 0 1 1 1 G 0 0 2
G 44 0 G 0 1 G G 1 1 1 G 1 0 1 0 0 0 1
G 45 0 0 G 1 0 0 1 1 1 G 1 G 1 0 G G 1
G 46 0 G G 1 0 G 1 1 1 0 G 1 G 0 0 1
G 47 0 G 0 1 0 0 1 1 1 0 1 0 1 G G 0 1
G 48 0 0 0 G 1 2 2 1 1 1 ' 0 1 1 1 1 2 2 0
G 60 G 0 G G 1 2 2 0 0 G 0 0 2 G 2 2 2 0



TABLE I. (continued). 2 0 9

Strain
No.

Character Nos.

7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8 9
3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0

G 1 2 2 0 1 G n 1 0 1 1 1 0 0 G 1 2 2 2
G 2 1 2 0 n G 0 1 0 1 1 1 G G 0 2 1 2 2
G 3 1 2 0 n G G 1 0 1 1 1 G 0 n 2 1 2 2
G 4 2 2 0 1 G 0 1 0 1 1 1 0 G 0 2 2 2 2
G 5 2 2 0 1 G 0 1 0 1 î 1 G G G 2 2 2 2
G 6 2 2 0 1 G 0 1 0 1 1 1 0 G 0 1 1 2 2
G 7 2 2 0 1 G 0 0 1 1 1 0 0 0 2 2 2 2
G 8 2 2 0 1 G 0 1 n 1 1 1 0 1 0 1 1 1 2
G 9 0 0 0 1 G G 1 0 1 1 0 G 1 2 2 2 2
G 10 2 2 0 G n 1 0 1 I 0 G n 2 2 2 2
G 11 2 2 0 1 G G 1 G 1 1 1 G G G 1 2 1 2
G 12 2 2 0 G 0 1 0 1 1 1 0 G G 2 2 2 2
G 13 2 2 0 G G 1 0 1 1 1 0 G G 2 1 2 2
G 14 2 2 0 1 0 n 1 0 1 1 1 0 0 0 1 2 2 2
G 15 2 2 0 1 G 0 1 0 1 1 1 0 G G 2 2 2 2
G 15a 2 2 0 1 G 1 1 0 0 1 1 0 0 0 1 1 1 1
G 16 2 2 0 1 G 0 1 0 1 1 1 0 0 0 2 2 2 2
G 16a 1 2 G 1 G 0 1 0 1 1 1 0 G 0 2 2 2 2
G 17 2 2 0 1 G 0 1 0 1 1 1 0 0 0 2 2 2 2
G 18 2 2 0 1 G 0 1 0 1 1 1 0 0 0 1 2 2 2
G 19 1 2 G 1 G G 1 0 1 1 1 0 0 0 2 2 2 2
G 20 2 2 G 1 G G 1 0 1 1 1 0 G 0 2 1 2 2
G 21 2 2 G 1 0 0 1 0 1 1 1 0 0 0 2 2 2 2
G 22 2 2 G 1 G G 1 G 1 1 1 0 G 0 1 1 2 2
G 23 2 2 0 1 G 0 1 0 1 1 1 0 0 0 2 2 2 2
G 24 2 2 G G 0 1 G 1 1 1 0 G 0 2 2 2 2
G 25 2 2 G î G 0 0 1 1 1 . 0 G 0 2 2 2 2
G 26 1 1 0 1 G 0 1 0 1 1 1 0 G 0 2 2 2 2
G 27 2 2 G 1 G 0 1 0 1 1 1 0 . 0 G 2 2 2 2
G 28 2 2 G' 1 G G 1 0 1 1 1 0 G G 2 2 2 2
G 29 2 2 G 1 0 0 1 0 1 I 1 G 0 G 2 2 2 2
G 30 o 2 G 1 G 0 1 0 1 1 1 0 0 n 2 2 2 2
G 31 2 2 0 1 G 0 1 0 1 1 1 0 G G 2 2 2 2
G 32 2 2 G 1 0 0 1 0 1 1 1 0 0 0 2 2 2 2
G 33 2 2 0 1 1 0 1 0 1 1 1 0 0 0 2 2 2 2
G 34 2 ■ 2 G 1 0 0 1 0 1 1 1 G 0 0 2 2 2 2
G 35 2 2 G 1 G G 1 0 1 I 0 G 0 2 2 2 2
G 36 2 2 G G G 1 0 1 1 1 0 G 0 2 2 2 2
G 37 2 2 0 î G 0 1 G 1 1 1 0 G 0 2 2 2 2
G 38 2 2 G 1 G 0 1 0 1 1 1 0 G G 2 2 2 2
G 39 2 2 0 1 G 0 1 0 1 1 1 0 G 0 2 2 2 2
G 40 2 2 G 1 0 0 1 0 1 1 1 0 G 0 2 1 2 2
G 42 1 1 G G 0 1 0 1 I 1 0 G 0 2 2 2 2
G 43 2 2 G 1 G 0 1 G 1 1 G G 0 2 2 2 2
G 44 1 2 0 1 0 0 1 0 1 1 1 0 G 1 2 1 2 2
G 45 1 2 G 1 0 0 1 0 1 1 1 0 G 1 2 1 2 2
G 46 1 2 0 1 0 0 1 n 1 1 1 0 G 1 2 1 2 2
G 47 1 2 G 0 0 0 1 0 1 1 1 G G 1 2 1 2 2
G 48 0 1 G 1 0 1 0 0 1 1 1 0 G 1 2 2 2 2
G 60 0 1 G 0 0 0 1 0 1 1 1 0 G 1 2 2 2 2



TABLE I. (continued). 210

Strain
No.

Character Nos.

I l l
9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0

' J._ 2 3 4 5 6 7 8 9 0 1 2  3 4 5 6 7 8
G 1 1 2 1 0 1 1 0 1 G 0 G G 0 0 1 0 0
G 2 2 2 2 n 2 2 0 1 0 0 0 0 0 G 1 1 1
G 3 2 2 2 n 2 2 0 1 G' 0 G 0 0 G 1 1 1
G 4 2 2 2 0 1 2 0 1 0 n 0 0 0 G 1 0 0
G 5 2 2 1 0 2 2 0 1 0 n G 0 0 0 1 0 0
G 6 2 2 2 n 1 2 0 1 G 0 0 1 0 0 1 0 0
G 7 2 2 1 n 1 2 0 G 0 0 G G 0 0 1 G 0
G 8 1 1 2 n 1 1 0 0 0 0 0 0 0 G 1 2 2
G 9 2 2 2 n 1 1 0 G G 0 G 0 0 G 2 0
G 10 2 2 2 n 2 2 0 1 0 0 G 0 0 0 1 0 0
G 11 1 2 1 n 1 1 0 0 G G G 0 0 0 1 G 1
G 12 1 2 2 n 1 2 0 1 0 0 G G G 0 1 0 G
G 13 2 2 2 n 2 2 0 1 0 0 G 0 0 0 1 0 0
G 14 2 2 2 n 2 2 0 1 0 0 0 0 G G 1 G 0
G 15 2 2 2 n 1 2 0 1 G 0 G 0 0 0 1 0 0
G 15a 1 1 1 n 0 2 0 0 0 0 0 G 0 0 2 1
G 16 2 2 2 0 2 2 0 0 0 0 G G 0 0 1 0 0
G 16a 2 2 2 n 1 2 0 0 0 0 G G . 0 G 1 2 1
G 17 2 2 2 n 1 2 û 1 G 0 G G 0 0 1 0 0
G 18 2 2 1 n 1 1 0 1 G 0 G G 0 0 1 G 0
G 19 2 2 2 n 2 2 0 1 G 0 G G G G 1 G 0
G 20 2 2 2 n 1 1 0 1 0 0 G G n 0 G 0
G 21 2 2 2 1 2 2 0 0 G 0 0 G G 0 1 0 0
G 22 2 2 2 0 2 2 0 1 G 0 G G G 0 1 0 G
G 23 2 2 2 n 2 2 0 1 G 0 G G 0 G 1 0 0
G 24 2 2 2 n 2 2 0 1 0 n G - 1 0 G 1 G 0
G 25 2 2 2 n 1 2 0 1 1 0 0 0 0 G 1 0 0
G 26 2 2 2 n 2 2 0 1 1 0 G G 0 G 1 0 G
G 27 2 2 2 n 2 2 0 1 1 0 G 0 0 8 1 0 G
G 28 2 2 2 n 2 2 G 0 1 0 G G G 0 1 G 0
G 29 2 2 2 n 2 2 0 0 1 0 0 0 G 0 1 0 1
G 30 2 2 2 n 2 2 0 1 G 0 G G 0 0 1 G 1
G 31 2 2 2 n 2 2 0 0 1 0 0 0 0 0 1 0 1
G 32 2 2 2 0 2 2 0 1 G n 0 0 G G 1 0 G
G 33 2 2 2 n 2 2 G G 1 0 0 0 0 0 1 0 G
G 34 2 2 2 n 1 2 G 1 1 0 0 0 G G 0 G
G 35 2 1 2 n 2 2 G 1 1 0 0 0 0 0 1 0 G
G 36 . 2 2 2 n 1 2 0 G G 0 0 0 0 0 1 0 G
G 37 2 2 2 n 2 2 G 0 0 n G 0 0 0 1 0 0
G 38 2 2 2 n 2 2 0 n 1 0 G G 0 G 1 0 0
G 39 . 2 2 2 0 1 2 0 1 0 0 G G 0 0 1 0 0
G 40 2 2 2 n 2 2 G n 1 0 0 1 0 0 1 0 G
G 42 2 2 2 n 2 2 G 0 1 0 G 1 0 G 1 0 1
G 43 2 2 2 n 2 2 0 0 1 1 0 1 G 1 G 1
G 44 2 2 2 0 2 2 G 0 0 I G 1 0 0 1 G G
G 45 2 2 2 n 2 2 G 0 1 1 0 1 0 0 1 0 1
G 46 2 2 2 0 2 2 0 0 1 1 0 1 G G 1 0 1
G 47 2 2 2 n 2 2 0 1 0 0 0 C 1 0 G 1 1 0
G 48 2 2 2 2 2 2 G 0 G 0 G 0 1 0 0 1 1 G
G 60 2 2 1 0 1 2 G 0 0 G 0 0 1 0 0 1 2 0



TABLE I. (continued). 211

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2
9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6

G 1 1 2 2 n 2 0 0 0 2 2 2 0 G 0 2 0 2 2
G 2 0 2 1 2 2 1 0 2 2 2 0 2 G n 2 1 2 2
G 3 0 2 1 2 2 1 G 2 2 2 G 2 0 n 2 2 2 2
G 4 0 2 2 2 2 0 G 0 2 2 2 0 G G 2 1 2 2
G 5 0 2 2 n 2 0 G G 2 2 2 0 0 0 2 0 2 2
G 6 0 2 2 0 2 0 0 0 0 2 2 0 0 0 2 1 2 2
G 7 : 0 2 2 n 2 0 G 0 2 2 2 0 0 0 2 G 2 2
G 8 2 2 2 n 2 0 G 2 2 2 2 2 2 n 2 0 2 2
G 9 0 2 2 2 2 1 0 2 2 2 G 2 2 2 2 1 2 2
G 10 0 1 2 2 2 0 G 0 0 2 2 0 0 n 2 1 2 2
G 11 0 1 2 n 2 0 0 0 G 2 2 0 G 0 2 1 2 2
G 12 n 2 2 n 2 0 G 0 2 2 2 0 G 0 2 0 2 2
G 13 0 2 2 n 2 G 0 0 2 2 2 2 2 0 2 0 2 2
G 14 n 2 2 n 2 0 G 0 2 2 2 0 G 0 2 0 2 2
G 15 0 n 2 0 2 0 0 0 0 2 G 0 G 0 2 2 0 2
G 15a 1 2 2 n 2 0 1 2 2 2 G 2 2 1 2 1 2 2
G 16 0 0 2 n 2 G 0 0 G 2 0 0 2 0 2 2 G 2
G 16a 0 2 2 1 2 1 0 2 2 2 G 2 2 1 2 1 2 2
G 17 0 2 2 n 2 0 0 0 2 2 2 0 0 0 2 0 2 2
G 18 0 2 2 n 2 0 G 0 2 2 2 0 G 0 2 0 2 2
G 19 0 2 2 n 2 0 0 0 2 2 2 0 G G 2 0 2 2
G 20 0 2 2 n 2 0 G 0 2 2 2 1 0 G 2 1 2 2
G 21 0 2 2 n 2 0 0 0 2 2 2 0 G G 2 0 2 2
G 22 0 2 2 n 2 0 G 0 2 2 2 1 G 0 2 1 2 2
G 23 0 2 2 n 2 1 0 0 2 2 2 0 G G 2 0 2 2
G 24 0 2 2 n 2 1 0 0 2 2 2 0 0 G 2 0 2 2
G 25 0 2 2 n 2 1 G 0 2 2 2 0 0 0 2 G 2 2
G 26 1 2 2 2 2 1 0 0 2 2 2 0 0 0 2 1 2 2
G 27 0 1 1 n 2 1 G 0 2 2 2 0 G 0 2 G 2 2
G 28 G 2 2 0 2 1 0 0 2 2 2 0 G G 2 0 2 2
G 29 10 2 2 n 2 1 G 0 2 2 2 2 G 0 2 G 2 2
G 30 0 2 2 0 2 1 0 2 2 2 2 2 G 0 2 0 2 2
G 31 0 2 2 n 2 t G 0 2 2 2 2 G 0 2 2 2 2
G 32 , 0 2 2 n 2 0 0 2 2 2 0 G 0 2 1 2 2
G 33 0 2 2 n 2 1 G G 2 2 2 0 0 0 2 0 2 2
G 34 '0 1 2 0 2 1 0 0 0 2 2 0 G G 2 0 2 2
G 35 : 0 1 2 n 2 1 0 2 2 2 2 2 0 0 2 0 2 2
G 36 0 2 2 0 2 1 G 0 0 2 2 0 G 0 2 0 2 2
G 37 i 0 2 2 n 2 1 0 0 0 2 2 0 G G 2 0 2 2
G 38 2 2 n 2 1 0 0 2 2 2 G G G 2 0 2 2
G 39 lo 2 2 n 2 1 0 0 0 2 2 0 G 0 2 0 2 2
G 40 i 0 2 2 n 2 1 0 2 2 2 2 0 G 0 2 0 2 2
G 42 i l 2 1 n 2 1 0 2 2 2 G 2 0 0 2 2 2 2
G 43 1 2 2 2 2 1 2 n 2 2 0 2 0 0 2 2 2 2
G 44 1 2 1 2 2 1 G 2 2 2 2 2 G 0 2 2 2 2
G 45 1 2 1 2 2 1 0 2 2 2 2 2 0 0 2 2 2 2
G 46 1 2 1 ? 2 1 G 2 2 2 0 2 G 0 2 2 2 2
G 47 1 2 1 2 2 1 1 2 2 2 0 2 G 1 2 2 . 2 2
G 48 1 2 2 2 2 1 1 0 2 2 0 2 2 1 2 2 2 2
G 60 1 2 n 2 0 G 0 0 2 G 2 2 0 2 0 2 2



TABLE I, (continued)•
2 1 2

Strain
No.

C haracter Nos.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 3 3 3 3 3 3 3 3 3 4 4 4 4
7 8 9 0 2 3 4 5 6 7 8 9 0 1 2 3

G 1 0 G 1 1 1' 0 0 G 0 0 0 1 0 0 G 2 G
G 2 o .2 1 1 1 G 0 0 G 0 0 1 1 G G 2 G
G 3 2 2 1 1 0 0 0 0 0 0 0 0 0 G 1 G
G 4 2 G 1 1 0 0 G 0 0 G 1 0 0 G 2 G
G 5 2 G 1 ï 1 0 G G 0 0 0 2 G G G 2 G
G 6 2 0 1 1 1 0 0 0 0 0 0 1 0 G G 2 G
G 7 2 0 1 1 1 0 0 G 0 0 0 2 0 0 G 2 G
G 8 2 0 1 1 1 D 0 0 0 0 G 0 G 0 G 1 G
G 9 2 1 1 1 0 0 0 0 0 0 1 G G 2 2 G
G 10 2 1 1 1 1 0 0 0 0 G 0 1 G 0 G 2 G
G 11 2 1 1 1 1 G G 0 0 0 0 1 G 0 0 2 G
G 12 2 G 1 1 G 0 0 0 0 0 1 Û G G 1 G
G 13 0 0 1 1 1 G 0 0 0 n G 1 0 0 G 2 G
G 14 G n 1 1 0 G 0 0 0 0 2 G G 0 2 G
G 15 0 G 1 G G G 0 G 1 G 2 G 2 0 2 G
G 15a 2 1 1 1 G 0 G 0 G 0 G 0 0 0 G 2 0
G 16 2 0 1 1 G 0 0 0 G 0 0 1 G G 2 2 0
G 16a 2 2 1 1 û 0 G 0 G 0 - G G 0 G G 2 G
G 17 2 0 1 1 1 0 0 0 0 0 0 2 0 G G 2 0
G 18 n 0 1 1 1 0 0 0 0 0 G 2 0 G G 2 G
G 19 2 0 1 1 1 0 0 0 0 0 G 1 G 0 G 2 G
G 20 2 0 1 1 0 G 0 0 0 0 0 G G G 1 G
G 21 2 G 1 1 1 G G 0 G 0 0 2 0 G G 2 G
G 22 0 0 1 1 1 0 G 0 0 0 Q 1 0 G G 2 G
G 23 0 0 1 1 G , 0 0 1 0 0 1 2 0 G G 2 G
G 24 n 0 1 1 G 0 0 G 0 0 G 2 0 0 G 2 0
G 25 2 G 1 1 0 0 0 0 0 0 0 1 0 G 0 2 G
G 26 2 0 1 1 1 0 G G 0 n G 2 0 G 0 2 G
G 27 0 0 1 1 1 0 0 0 0 0 G 2 0 0 G 2 G
G 28 2 0 1 0 0 G G G 0 G 2 0 G G 2 G
G 29 0 G 1 0 0 0 0 0 0 0 2 0 G G 2 G
G 30 2 0 1 1 1 0 0 0 0 0 G 0 0 G G 2 0
G 31 G 0 X 1 G G 0 0 G 0 G 1 G G 0 2 0
G 32 G 0 1 1 1 0 G 0 0 G G 1 G G G 2 G
G 33 G 0 1 1 0 0 G 0 0 0 G 2 0 0 0 2 G
G 34 2 G 1 1 1 0 G 0 G 0 G 1 0 0 G 2 G
G 35 .2 G 1 1 1 0 0 0 0 0 G 1 G 0 G 2 G
G 36 2 0 1 1 1 0 0 0 0 n G 1 G 0 G 2 G
G 37 2 G 1 1 1 0 0 G 0 0 0 G G G G 2 G
G 38 . 0 0 1 1 1 0 0 0 1 0 0 1 0 G 0 2 0
G 39 : 2 G 1 1 1 0 0 G 0 0 G 2 0 G G 2 G
G 40 G 1 1 1 0 Û 0 0 G G 2 0 0 Û 2 G
G 42 2 1 1 1 1 0 0 0 0 0 0 G 0 0 0 2 G
G 43 2 1 1 0 0 0 0 G G G 0 0 0 0 0 G
G 44 1 1 1 1 1 0 0 0 0 Q G 2 G 0 G 2 G
G 45 1 1 1 1 G G 0 G 0 G n 0 n G 1 G
G 46 1 1 X 1 1 0 0 0 0 0 G G G 0 G 1 G
G 47 2 1 1 1 X 0 G 0 G • n G G 0 G G 2 G
G 48 2 2 X n 1 Û G 0 0 0 G 0 G G G 0 G
G 60 2 1 1 1 1 0 G G G G G 0 G G G 2 G



TABLE I. (continued), 213

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1
1__2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7̂ 8

G 61 1 1 0 0 1 0 1 G G I G G 1 G 0 0 0
G 62 0 1 0 G 1 D 1 G G 1 G G 1 1 1 G G
G 63 0 0 X G G 1 G G G I 1 0 G 1 1 1 0
G 64 0 1 0 G 1 G 1 G G I 1 G G 1 1 1 G 0
G 65 ; 0 0 X G G 1 0 G G I 1 G G 1 1 1 G G
G 66 1 1 X 0 G 0 1 G G G G G 1 1 0 G G
G 67 0 1 Q G 1 1 0 G G ï 1 G G 1 1 1 G G
G 68 G 1 G 0 1 G 1 G G 1 1 G G 1 1 0 0 G
G 69 0 1 G G 1 1 G G G I G G 1 1 G 0 0
G 70 1 1 G 0 1 1 G G G 1 1 G G 1 1 1 G G
G 71 ; 0 0 1 0 G 1 G G G I 1 G G 1 1 G G 0
G 72 G 1 Q 0 1 G 1 G G I 1 G G 1 1 0 G G
G 73 G 1 G G 1 G 1 G G I G G 1 G 0 0
G 74 G 1 G G 1 0 1 G G 1 G G 1 1 G G G
G 75 1 1 0 n 1 t G G G ï 1 G G 1 1 1 G 0
G 76 G 1 0 G 1 G 1 G G I 1 G G 1 1 0 0 G
G 77 G 1 G 0 1 I G G G 1 1 G G 1 1 0 0
G 78 G 1 0 G 1 1 G G G I G G 1 1 G G
G 79 G 1 0 G 1 î G G G 1 1 G G 1 1 1 G 0
G 80 G 1 G G 1 G 1 G 0 1 G G 1 1 0 G G
G 81 G 1 0 0 1 0 X G G 1 G G 1 1 0 G G
G 82 G 1 0 0 1 1 G G G G 1 G G 0 G G G 1
G 83 G 1 0 0 1 0 1 G G 0 1 G G G G 0 G 1
G 84 G 1 G 0 1 G 1 G G G 1 G G G 0 G G 1
G 85 G G 1 0 G 1 G G G 1 1 G G G G G 1 1
G 86 G 1 Q G 1 1 G G G 0 1 G G 1 G 1 G G
G 87 G 1 G 0 1 1 G G 0 G 1 G G 1 G 1 G G
G 88 G 1 G G 1 1 G G G G 1 G G 1 G 1 G G
G 89 G 1 G 0 1 G 1 G G 0 0 G G 1 1 0 G 0
G 90 G 1 G 0 1 0 G G 0 G G G 1 1 G G G
G 91 G 1 G G 1 0 G G 0 G G G 1 1 1 1 0
G 92 G 1 0 0 1 G 1 G G I G G G 1 1 G Q G
G 93 G 0 X G 0 0 X G G G 0 G G 1 0 1 X 0
G 94 G 1 Q 0 1 G 1 G G I 0 G G 1 G G G 0
G 95 G 1 0 G 1 1 G G G 0 1 G G 1 0 G 1 0
G 96 G 1 G 0 1 1 G 0 G G 1 G G 1 G 1 1 0
G 97 G 1 0 G 1 1 G G G 0 Q G G 1 G 1 1 G
G 98 G 1 G n 1 1 G G G 0 1 G G 1 G 1 1 0
G 99 G 1 0 G 1 t G G 0 0 0 G G 1 1 1 0 G
G 100 0 1 G G 1 1 G G G G 1 G G 1 1 Q G 0
G 101 G 1 0 0 1 1 G G 0 G 1 G 0 1 1 1 0
G 102 G X G G 1 G X G G G 0 G G 1 1 1 1 0
G 103 ; 0 1 G 0 1 Q 1 G G G 0 G G 1 1 0 Q 0
G 104 0 1 0 G 1 1 G G G 0 1 G 0 1 G Q 0
G 105 G 1 0 G 1 1 X G 0 G Q G G 1 G 0 0
G 106 G 1 G G 1 0 X G G 0 G G G 1 0 1 1 0
G 107 G 1 X G G G X G G G G G 0 1 1 G Q 0
G 108 G 1 0 G 1 0 X G G I 0 G G 1 0 1 1 0
G 109 G 1 G 0 1 0 X G 0 0 0 G G 1 G G 0 0
G 110 0 1 0 0 1 I 0 G 0 1 1 G 0 1 0 1 1 0



TABLE I. (continued). 214

Strain
No.

Character Nos,

1 2 2 2 2 2 2 2 2t 2 2 3 3 3 3 3 3 3
? 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6

G 61 1 0 G G G 0 G 0 0 0 G 1 1 G 0 G G
G 62 1 1 G 0 G 0 1 0 0 G G G 1 G 0 G 0
G 63 0 1 0 n G 0 G G 0 0 G 1 1 G 0 0 G
G 64 1 0 0 G G G 0 0 G G 1 1 G 0 0 0
G 65 1 1 G n G 0 G 0 0 G G 1 1 0 0 0 G
G 66 1 G n G 0 0 G 0 0 G 1 1 G 0 0 0
G 67 1 1 0 0 G 0 1 0 G G G 1 1 G G G 0
G 68 1 1 G n G 0 1 G G 0 G 1 1 1 0 G G
G 69 1 G G G G G G G G 0 1 1 G G G G
G 70 1 G 0 G G 0 n G G G 1 1 G 0 0 G
G 71 1 G 0 G 0 G 0 G G G 1 1 G 0 0 G
G 72 1 1 G n G G G 0 0 0 0 1 1 0 G 0 0
G 73 1 1 0 0 G G G G 0 0 G 1 1 G 0 0 G
G 74 1 1 0 0 G 0 G 0 0 G 0 1 1 G 0 0 G
G 75 1 t 0 G 0 G 0 G 0 0 1 1 G 0 0 G
G 76 1 1 Q 0 G 0 1 0 0 0 0 1 1 G G 0 G
G 77 1 0 G 0 0 G 0 G G G 1 1 0 G G G
G 78 0 1 G 0 G G 0 G I G 0 1 1 G G 0 0
G 79 0 1 G G G 1 0 G 0 0 0 1 1 G G 0 G
G 80 0 1 G G G 0 0 0 G G G 1 1 G 0 0 0
G 81 0 1 0 G G G 1 0 0 G 0 1 1 G G G 0
G 82 0 1 0 G 0 1 0 G - 1 0 0 1 0 0 G G G
G 83 0 1 0 0 0 1 0 0 G 0 0 1 G G G G G
G 84 0 1 0 G G 0 0 0 0 0 1 0 G G G G
G 85 0 1 0 0 G 1 0 1 0 0 1 n G 0 G 0
G 86 0 1 0 G 0 1 0 0 0 G 0 0 1 G 0 G G
G 87 0 1 1 0 G 1 0 G 0 0 0 1 1 G 0 G G
G 88 0 1 0 0 G 1 0 0 G 0 0 1 1 G 0 G G
G 89 1 G, G G 1 1 0 0 0 G G 1 G G G 0
G 90 1 1 0 0 G 1 1 G 0 G G G 1 G 0 G 0
G 91 1 G G G 1 0 0 G G G 1 1 G G 0 G
G 92 1 1 G G 0 1 G G 0 G G 1 G 0 G G
G 93 1 1 G G G 1 G 0 0 G G 1 G 0 G G
G 94 1 G 0 G 1 G G G G G 1 1 G G G G
G 95 0 1 G 0 G 1 G G G G G 1 1 G 0 0 G
G 96 0 1 G G G 1 1 0 G 0 0 1 1 0 0 G 0
G 97 0 1 0 G G 1 1 G G 0 0 G 1 G G 0 G
G 98 0 1 G G G 1 1 G G G G 1 1 G 0 G G
G 99 1 1 1 G G G 0 G 0 G 1 1 G 0 0 G
G 100 1 1 G 0 G 1 1 G G 0 G 1 1 G G 0 G
G 101 0 1 G G G 1 1 G G 0 G 1 1 G G 0 0
G 102 G 1 G 0 G 1 G G G 0 G 0 1 G 0 G 0
G 103 1 1 G 0 G 1 0 G G G G 1 G 0 0 0
G 104 1 1 G G G 1 1 G 0 G 0 1 1 G 0 0 G
G 105 1 1 G G G G G 0 0 G G 1 0 0 G 0
G 106 G 1 G G G 1 1 G G 0 0 0 1 0 G G 0
G 107 1 1 0 G G 1 1 G G 0 0 1 1 G 0 0 0
G 108 G 1 0 0 G 1 G G 1 G 0 1 G G G G
G 109 1 G G G G 1 G G G 0 0 0 1 G G G 0
G 110 G 1 G G 0 1 1 0 0 0 G 1 1 G G G 0



TABLE I. ( cont inued ), 215

Strain
No.

Character Nos.

3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5
7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4

G 61 0 G 0 n 0 0 1 2 2 2 2 G 0 0 1 1 1 0
G 52 0 G 0 n 0 1 2 2 2 2 1 0 0 G 1 1 0 0
G 63 0 0 0 n G 2 2 2 2 2 1 G 0 G 1 1 0 0
G 64 0 0 0 n 0 1 1 2 2 2 2 G 0 0 1 1 0 0
G 65 0 1 0 n G 2 2 2 2 2 2 G 1 0 1. 1 1 0
G 66 0 1 0 n G 2 2 2 2 2 2 0 0 G 1 1 1 0
G 67 0 1 0 n G t 1 2 2 2 1 G G G 1 1 0 G
G 68 1 1 0 n G t 1 2 2 2 2 2 G G 1 1 0 0
G 69 0 1 G n 0 î 1 2 2 2 2 1 1 0 1 1 0 0
G 70 0 1 0 n 0 1 1 2 2 2 2 1 G 0 0 1 0 0
G 71 1 1 G n G î 2 2 2 2 2 1 0 G G 1 0 0
G 72 0 0 0 n G 0 2 2 2 2 2 1 G 0 1 1 0 0
G 73 0 1 G n 0 2 1 2 2 2 1 G 0 G 1 0 G
G 74 0 0 G n 0 0 1 2 2 2 0 0 0 0 1 1 0 0
G 75 0 G G n 0 G 1 2 2 2 2 G 0 G 1 1 2 0
G 76 0 0 G n 0 1 1 2 2 2 2 G G G 0 1 0 0
G 77 0 1 G n G 2 2 2 2 2 2 G 0 G 1 1 1 0
G 78 0 1 0 n 0 0 1 2 2 2 2 0 0 0 1 1 1 0
G 79 0 1 G n 0 I 0 2 2 2 2 0 G 0 1 1 1 0
G 80 0 G n 0 1 G 2 2 2 2 0 0 0 0 1 0 0
G 81 0 1 0 n G G G 2 2 2 2 2 G G 1 1 0 0
G 82 0 1 G n G 0 2 2 2 2 1 G 0 0 1 1 G G
G 83 0 1 G 0 0 0 2 2 2 2 1 G G 0 1 1 2 0
G 84 0 1 G n 0 0 2 2 2 2 1 G 0 G 1 1 2 0
G 85 0 1 G 0 G G 2 2 2 2 1 G G G 1 1 Q G
G 86 0 1 G 0 0 2 2 2 2 G 1 G G G 1 1 2 0
G 87 0 1 G 0 0 2 2 2 2 I 1 G G 0 0 1 1 0
G 88 0 G n G 2 2 2 2 I 1 G G G 0 1 2 0
G 89 0 1 G 0 0 2 2 2 2 G X G G 0 0 1 1 0
G 90 G 1 G 0 G 2 2 2 2 1 1 G G 0 1 1 2 G
G 91 0 G 0 0 2 2 2 2 0 1 G G 0 0 1 1 0
G 92 0 1 G 0 G 2 2 2 2 1 1 G G 0 1 1 2 0
G 93 1 1 0 n G 2 2 2 2 1 1 G 0 0 1 1 2 0
G 94 0 1 0 n 0 2 2 2 2 î 1 G G G 0 1 0
G 95 0 1 G 0 G 2 2 2 2 0 1 0 0 0 1 1 1 0
G 96 0 1 G n G 2 2 2 2 1 1 0 G G 1 1 2 0
G 97 0 1 G n G 2 2 2 2 1 1 G G 0 0 1 2 0
G 98 0 1 G 0 G 2 2 2 2 1 1 G G G G 1 1 0
G 99 0 1 G 0 0 2 2 2 2 G 1 G G G 1 X 0 0
G 100 0 1 0 n 0 2 2 2 2 G 1 G G 0 1 1 0 0
G 101 G 1 G 0 G 2 2 2 2 1 1 G G G 1 1 1 0
G 102 G 1 G 0 G 2 2 2 2 I 1 1 G G 0 1 2 0
G 103 G G 0 0 2 2 2 2 1 1 0 G G 1 1 1 0
G 104 G 1 G 0 G 2 2 2 2 1 1 G G 0 1 1 2 0
G 105 1 1 G n 0 2 2 2 2 0 1 G G G 0 1 1 0
G 106 G 1 G n G 2 2 2 2 G 1 G G G 0 X 1 0
G 107 G 1 0 n G 2 2 2 2 ï 1 G G G G 1 2 0
G 108 G 1 G 0 0 2 2 2 2 I 1 0 G 0 1 1 0 0
G 109 G 1 0 n G 2 2 2 2 n 1 G G G 0 X 1 G
G 110 G 1 G 0 0 2 2 2 2 1 1 0 G G 1 1 2 G



TABLE I. (continued)
216

Strain
No.

Character Nos.

5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7
5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

G 61 0 0 0 G 1 2 2 1 0 0 0 1 1 1 1 2 2 0
G 62 0 0 0 G 1 2 2 G 1 1 0 1 2 0 1 1 1 0
G 63 0 0 0 G 0 1 1 0 1 0 1 1 1 1 1 1 0
G 64 0 0 G G 1 2 2 0 0 0 X 1 1 1 1 1 1 0
G 65 0 0 G G 1 0 2 1 1 1 0 1 1 0 1 1 1 0
G 66 0 0 0 G 1 G 1 1 0 G G 1 1 0 1 1 1 0
G 67 0 0 0 G 1 2 2 1 1 G X 1 1 1 1 1 2 0
G 68 0 n 0 G 1 2 2 G 0 G 0 1 0 2 0
G 69 0 0 0 G 1 1 2 1 1 1 1 1 1 1 1 1 1 0
G 70 0 0 G G 1 0 1 1 1 1 1 1 1 1 1 1 1 0
G 71 0 0 G G 1 0 1 1 1 1 1 1 1 1 1 1 1 0
G 72 0 n G G 1 2 2 G 0 0 0 1 0 1 1 1 0
G 73 0 0 G G 1 2 2 G 0 0 0 1 X 1 2 2 2 1
G 74 0 0 G G 1 2 2 0 0 0 0 1 1 1 2 2 2 0
G 75 0 0 0 G 1 1 1 1 1 1 0 1 1 0 2 2 2 1
G 76 0 0 G G 1 0 2 1 1 I 1 1 1 1 1 1 1 0
G 77 0 G G G 1 0 2 1 0 I 0 X 1 1 1 2 0
G 78 0 0 G G 1 1 2 1 1 0 1 1 2 0 1 1 2 0
G 79 0 0 G G 1 1 2 1 0 G 0 2 0 1 1 2 0
G 80 0 0 G G 1 2 2 1 0 1 0 2 0 1 2 2 0
G 81 0 0 G G 1 2 2 1 0 0 0 1 1 G 1 2 2 G
G 82 G n G G 1 1 1 G 0 0 0 1 0 1 1 1 1 1
G 83 0 G G G 1 1 X G 0 0 G 1 G 1 1 1 1 1
G 84 0 0 G G 1 1 1 G 0 0 0 1 G 1 1 1 1 1
G 85 0 0 G G 1 1 1 G 0 0 0 1 0 1 1 1 1 1
G 86 0 0 G G 1 1 1 1 1 1 0 1 2 0 1 2 2 2
G 87 0 G 0 G 1 1 1 1 1 1 0 1 2 0 1 2 2 2
G 88 0 0 G G 1 1 1 1 1 0 1 2 0 1 2 2 2
G 89 0 0 1 G 0 1 1 1 0 1 1 1 1 2 2 2
G 90 0 0 1 G 1 1 1 1 0 1 0 1 2 0 1 2 2 2
G 91 0 G G 1 0 1 1 1 1 0 1 2 0 2 2 2
G 92 0 G 1 G 1 0 1 1 1 1 0 1 1 1 1 2 2 2
G 93 0 G 1 G 1 1 1 1 1 0 1 2 0 2 2 2
G 94 G 0 1 G 1 1 1 1 1 1 0 1 2 0 1 2 2 2
G 95 0 0 G 1 0 1 1 1 1 0 1 2 0 1 2 2 2
G 96 G 0 1 G  ̂ 1 0 1 1 1 1 1 1 2 0 1 2 2 2
G 97 G 0 1 G 1 0 1 1 1 1 0 1 1 0 1 2 2 2
G 98 G 0 1 G 1 0 1 1 1 1 0 1 1 1 1 2 2 2
G 99 G 0 1 G 1 0 1 0 1 G 1 1 0 1 2 2 2
G 100 0 G 1 G 1 G 1 1 0 G 1 1 0 1 2 2 2
G 101 0 G 1 G 1 1 1 0 0 1 1 1 1 2 2 2
G 102 0 0 1 0 1 0 1 1 1 1 G 1 1 1 1 2 2 2
G 103 0 G 1 G 1 0 1 1 I X 1 1 1 1 2 2 2
G 104 0 G G 1 1 X 1 0 1 1 1 2 0 1 2 2 2
G105 G 0 1 G 1 1 1 1 1 0 1 2 0 1 2 2 2
G 106 G G 1 G 1 0 1 1 1 1 X 1 2 0 1 2 2 2
G107 0 G 1 0 1 1 1 0 1 1 1 2 0 2 2 2
G108 G 0 1 G 1 0 1 1 0 1 0 1 1 1 1 2 2 2
G 109 0 G 1 G 1 1 1 0 1 G 1 1 1 2 2 2
G 110 0 G 1 G 1 1 1 1 1 I G 1 1 0 1 2 2 1



TABLE I. (continued). 217

Strain
No.

Character Nos,

7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 £
3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 S

G 61 0 1 0 n 0 0 1 G 0 1 1 0 0 1 0 1 G
G 62 0 1 0 1 0 1 1 0 1 0 1 0 0 1 1 1 2
G 63 0 1 0 0 0 1 0 0 1 0 G 1 0 1 2 1 1
G 64̂ : 0 0 0 n G 0 G G 1 G 0 0 1 2 2 2
G 65 i 0 1 0 n 0 0 1 G 1 0 0 0 0 1 1 1 1
G 66 i n 1 0 1 G G 1 G 1 G G G G 1 1 1 1
G 67 ! 0 1 0 0 G G 0 G 1 G 0 1 0 0 1 1 1
G 68 0 1 0 n G 0 G G 1 1 0 0 G 2 2 2
G 69 i 0 1 0 n G I G 0 1 1 0 1 0 G 2 2 1
G 70 0 0 0 G 0 1 G 0 1 1 G 1 G 1 2 1 1
G 71 : 0 0 0 0 G 1 0 G I 1 1 0 0 1 1 1
G 72 0 1 0 0 G 0 0 G G 1 1 0 0 0 1 1 1
G 73 1 2 0 n 0 0 0 n 0 1 1 G 0 0 2 2 1
G 74 1 1 0 n G 0 G 0 G 1 1 0 G 1 2 2 2
G 75 1 2 0 n G 0 0 0 1 1 1 G 0 1 2 1 1
G 76 
G 77

0
0

Q
0

G
0

n
1

G
G

1
G

G
1

0
G

G
1

1 1 1
0

G
0

G
1

1
1

1
0

1
1

G 78 n 0 0 1 G G G G 1 1 G 0 1 1 1 1
G 79 0 0 0 n G G 1 0 1 1 1 G G 1 1 1 1
G 80 1 1 0 n G G 0 0 1 1 1 0 0 1 1 2 2
G 81 1 1 0 0 0 G 0 G 1 1 0 0 0 1 1 1
G 82 1 1 0 n G 0 G G 1 1 0 0 1 1 1 1
G 83 1 1 0 n G G G G 1 1 1 0 0 1 1 1 1
G 84 : 1 1 G n G 0 G G 1 1 1 0 G G 1 1 1
G 85 1 1 G n G 0 G G 1 1 1 0 0 1 1 1 1
G 86 2 2 G n 0 G 1 G 1 1 1 0 G 0 1 0 1
G 87 2 2 G n G 0 1 0 1 1 1 G 0 0 1 0 1
G 88 2 2 G n G G 1 0 1 1 1 0 0 G 1 0 1
G 89 ' 2 2 0, n G G 1 0 1 1 1 0 G 0 1 G 1
G 90 ; 2 2 G n G G 1 G 1 1 1 0 0 G 1 0 1
G 91 ' 2 2 G n G 0 1 G 1 1 1 G 0 G 1 0 1
G 92 2 2 0 n G 0 1 0 1 1 1 0 G 0 1 0 1
G 93 ; 2 2 0 n 0 0 1 0 1 I 1 G 0 0 1 G 1
G 94 2 2 G n G G 1 G 1 1 1 0 0 0 1 0 1
G 95 : 2 2 G 0 G G 1 0 1 I 1 0 0 G 1 G 1
G 96 2 2 G n 0 0 lo 0 1 1 1 0 0 0 1 G 1
G 97 2 2 0 n G 0 1 0 1 G 0 0 1 0 1
G 98 : 2 2 0 0 G G 1 0 1 1 1 0 G 0 1 G 1
G 99 i 2 2 G 0 0 G 1 0 1 I 1 0 0 0 1 G 1
G 100 2 2 0 0 G 0 1 G 1 1 1 0 0 0 1 0 1
G 101 ' 2 2 0 n 0 G 1 0 1 1 1 0 0 G 1 G 1
G 102 2 2 0 0 G 0 1 0 1 1 1 0 0 0 1 0 1
G 103 2 2 G 0 0 G 1 0 1 1 1 G 0 G 1 1 1
G 104 2 2 0 n G 0 1 0 1 I 1 G 0 0 1 0 1
G 105 2 2 0 n 0 0 1 0 1 1 1 0 0 0 1 G 1
G 106 2 2 G n 0 0 1 0 1 1 1 0 0 0 1 0 1
G 107 2 2 G n G G 1 0 1 1 1 0 0 0 1 0 1
G 108 2 2 0 0 G 0 1 0 1 1 1 0 0 G 1 0 1
G 109 2 2 0 n 0 G 0 1 1 1 0 G 0 1 0 1
G 110 2 2 0 0 0 0 1 0 1 1 1 0 G 0 1 G 1

9
0



TABLE I. (continued). 218

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1
9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 G
1; 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 £

G 61 • G 0 0 n 0 0 1 1 1 0 G G 1 0 0 1 1 G
G 62 1 2 1 n 1 2 0 0 1 G 0 G 1 G G 1 G G
G 63 1 1 1 1 1 1 0 n 1 G 0 0 1 0 G 1 G 0
G 64 1 2 0 1 2 G n 1 0 G 0 1 G G 1 0 0
G 65 1 1 n 1 1 G 0 1 0 0 0 1 0 G 1 1 0
G 66 1 1 n 1 1 G 0 0 G 0 1 0 G 1 1 2
G 67 ! 1 1 1 n 1 1 0 1 1 G G G 1 G 0 X 0 0
G 68 1 2 n 1 G 1 1 G G 0 1 0 0 1 0 G
G 69 1 1 0 1 1 G 0 1 G G G 1 0 G 1 0 G
G 70 1 1 1 1 n 1 1 G 0 1 0 0 0 1 G 0 1 0 G
G 71 1 1 1 1 0 1 1 0 0 0 G 0 1 G G 1 0 G
G 72 1 1 1 n 1 1 0 0 1 G G 0 1 0 G 1 G G
G 73 1 X n 1 1 0 G 1 0 0 0 X 0 G 1 0 0
G 74 n 1 G 0 G G 0 1 G G 1 0 0
G 75 1 1 n 1 0 0 1 0 G G 1 0 0 1 1 1
G 76 1 1 1 n 1 1 G n 1 G G 0 1 0 0 1 0 0
G 77 1 1 1 0 1 1 G 0 1 G 0 0 1 G 0 1 1 1
G 78 1 1 n 1 0 0 0 G 0 1 G 0 1 1 1
G 79 1 1 n 1 1 G 0 0 G 0 1 0 G 1 1 1
G 80 1 n 1 1 G 0 1 G G 0 1 G G 1 G 0
G 81 1 1 1 n 1 1 G 0 1 G 0 0 1 G G 1 1 1
G 82 1 1 1 1 1 1 0 0 0 G G 0 0 0 0 1 G 0
G 83 1 1 1 1 1 1 0 G 0 0 0 0 G 0 1 0 0
G 84 1 1 1 1 1 1 0 G 0 G 0 G 0 0 1 0 G
G 85 1 1 0 1 1 G G G G 0 G 0 0 1 0 G
G 86 1 1 1 n 1 1 1 n G 0 0 0 0 G 0 1 1 2
G 87 1 1 n 1 1 1 G G 0 G 0 0 G G 1 1 2
G 88 1 1 X 1 1 1 0 0 0 G 0 1 G G 1 1 2
G 89 i 1 1 1 1 1 1 X 0 0 0 G 0 0 G 0 X X 2
G 90 ! 1 1 X 1 1 1 1 0 0 G G 0 G 0 0 1 G 2
G 91 i 1 1 1 n 1 1 1 0 0 0 G 0 1 G 0 1 1 2
G 92 1 1 1 1 1 1 1 1 0 0 0 0 G G G G 1 1 2
G 93 :'i 1 X 0 1 1 1 G 0 0 0 0 G G 0 1 1 2
G 94 1 1 n 1 1 X G G G 0 0 G 0 0 1 1 2
G 95 1 1 1 1 1 G 0 0 G 0 G G 0 1 1 2
G 96 ; 1 1 1 1 1 1 1 G 0 0 0 0 0 0 0 1 1 2
G 97. 1 1 1 1 1 1 G 0 0 0 0 G G 0 1 2
G 98 1 1 1 1 1 0 0 0 0 0 G 0 G 1 1 2
G 99 i 1 1 X 1 1 1 1 G 0 0 0 0 1 G G 1 1 2
G 100 1 1 1 1 1 1 G 0 0 0 0 1 G 0 1 1 2
G 101 11 1 1 1 1 1 1 0 G G 0 0 0 0 G X 1 2
G 102 1 1 1 1 1 1 0 G G G 0 G G 0 1 1 2
G 103 1 1 1 1 X 1 G 0 G 0 G 1 G 0 1 1 2
G 104 1 1 1 1 1 X 1 0 0 G 0 0 G G 0 1 1 2
G 105 : 1 1 1 1 1 1 X 0 G 0 G 0 0 0 0 1 1 2
G 106 1 1 1 1 1 0 0 G G 0 G 0 0 1 1 2
G 107 1 1 1 1 1 0 0 0 G 0 G G 0 1 1 2
G 108 1 1 1 1 1 1 0 1 0 0 0 0 0 0 1 1 2
G 109 1 1 1 1 1 1 G 0 0 0 0 G G 0 1 2
G 110 1 1 n 1 1 X G G 0 0 G 1 0 0 X 2 2



TABLE I. (continued). 219

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2
9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6

G 61 1 2 1 n 2 1 0 G 0 2 0 2 2 0 2 0 2 2
G 62 0 2 1 2 0 G 2 0 0 2 0 2 0 0 0 2 0 2
G 63 0 2 2 2 0 0 2 2 0 2 0 2 2 0 2 2 G 0
G 64 0 2 G 2 0 G 0 G 0 G 0 0 0 G 2 0 G G
G 65 1 2 1 1 2 G G 2 2 2 0 2 2 1 2 0 2 2

• G 66 1 2 2 1 2 0 0 2 2 2 2 2 2 2 2 0 2 2
G 67 G G G n 0 0 2 G G 0 0 0 2 G 2 0 2 G
G 68 0 0 0 G G G 0 0 G 1 0 1 2 0 2 G 0 G
G 69 0 1 0 n 0 0 0 G 0 2 0 2 2 0 2 G G G
G 70 0 2 0 2 G 0 0 0 G 2 0 2 2 0 2 0 G 0
G 71 i 0 2 G 2 G 0 0 G G 2 Q 2 2 G 2 G G G
G 72 i 0 2 2 2 G 0 0 G G 2 0 2 0 G 2 G G G
G 73 ! 0 2 G n 0 G 0 G 0 1 0 2 0 0 0 0 G G
G 74 0 2 0 n 0 G 0 0 G 2 G 2 G G G 0 G G
G 75 1 2 1 1 2 0 0 0 0 2 G 2 2 0 G 0 . 2 1
G 76 0 2 0 2 0 0 0 G G 2 0 G 2 0 2 0 G G
G 77 : 1 2 1 2 2 1 2 2 2 2 2 2 2 2 2 G 2 2
G 78 1 2 1 2 1 1 0 2 2 2 2 2 2 2 2 0 2 1
G 79 1 2 1 2 2 1 0 2 2 2 0 2 2 2 2 0 2 1
G 80 0 0 G G 0 0 0 G G 0 0 G 2 0 2 0 G G
G 81 0 1 1 1 2 1 0 G 2 2 0 0 2 G 2 G 2 1
G 82 0 0 G G 0 G 0 G 0 2 G G 2 G 2 2 G G
G 83 0 0 G G G 0 0 0 G 2 0 G 2 0 2 2 G 0
G 84 , 0 0 Q G G 0 G G 0 2 G G 2 G 2 0 G G
G 85 G 0 0 G 0 0 0 G 0 2 0 G 2 0 2 0 0 0
G 86 1 2 2 2 2 1 G 2 2 2 0 2 2 2 2 2 2 2
G 87 1 2 2 2 2 1 0 2 2 2 G 2 2 2 2 2 2 2
G 88 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 89 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 90 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 91 2 2 2 2 1 0 0 2 2 0 2 2 2 2 2 2 2
G 92 1 2 2 2 2 1 G 2 2 2 0 2 2 2 2 2 2 2
G 93 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 94 1 2 2 2 2 1 0 2 2 2 G 2 2 2 2 2 2 2
G 95 2 2 2 2 1 0 Ĝ 2 2 G 2 2 2 2 2 2 2
G 96 1 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 97 1 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 98 1 2 2 2 2 1 0 2 2 2 G 2 2 2 2 2 2 2
G 99 2 2 2 2 0 G 2 2 0 2 2 2 2 2 2 2
G 100 1 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 101 2 2 2 1 1 0 2 2 2 0 2 2 2 2 2 2 2
G 102 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 103 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 104 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 105 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 106 2 2 2 2 1 G 2 2 2 G 2 2 2 2 2 2 2
G 107 i 1 2 2 2 2 1 0 2 2 2 0 2 2 2 2 0 2 2
G 108 ' 1 2 2 2 2 1 G 2 2 2 0 2 2 2 2 2 2 2
G 109 1 2 2 2 2 1 0 2 2 2 0 2 2 2 2 2 2 2
G 110 2 2 2 2 2 1 0 2 2 2 0 1 2 2 2 2 2 2



TABLE I. (cont inued). 2 2 0

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4
7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3

G 61 2 1 n 1 0 G 1 1 0 1 G 1 G G 2 0
G 62 0 2 0 0 G G G 0 0 1 0 G G G 2 0
G 63 2 2 1 0 G 1 0 0 G G 2 0 G 2 0
G 64 0 2 1 1 G G G G 1 G G G G G 2 0
G 65 2 0 1 1 0 0 0 G 0 G 0 0 G 0 2 0
G 66 2 0 1 1 G 0 G G G G 2 G G 2 2 0
G 67 0 0 1 1 0 G G 0 G 0 G G 0 G 2 0
G 68 G 0 n 1 0 G n G 0 G G . G 0 G 2 0
G 69 0 1 1 1 G 0 1 G G G G G G 0 2 0
G 70 0 2 n 1 G 0 G G G G 0 0 G 0 2 0
G 71 0 2 0 1 0 G 0 G 0 0 0 G G G 2 0
G 72 0 0 n 1 G G G G 0 G G G G G 2 G
G 73 ■ G 0 0 1 0 G 0 G 0 G G G 0 0 2 0
G 74 0 0 1 1 0 0 0 G 0 G G 0 G G 2 G
G 75 1 2 n 1 0 0 G G G G 0 0 0 G 2 G
G 76 0 2 n 1 G G G G G G G G G 0 2 0
G 77 2 2 1 1 0 G 0 0 G 0 G G 0 G 2 0
G 78 1 2 1 1 0 0 0 G G G G 2 G 0 2 0
G 79 1 2 n i 0 G 0 1 G 0 0 2 G 0 2 0
G 80 0 0 n 1 0 0 0 G G 1 0 1 G 0 2 G
G 81 1 1 0 1 0 G G G 0 G G G G G 2 G
G 82 0 n n 0 0 G 0 G 0 G 2 G G 0 2 G
G 83 0 0 n G 0 0 G G G G 2 G G 0 2 0
G 84 , 0 0 n 0 0 0 n G G G 1 G 0 0 2 0
G 85 0 0 0 0 G 0 0 0 G G 2 G G G 2 0
G 86 2 2 n G 0 G 0 G 0 G 0 0 0 G 1 G
G 87 2 2 0 G G G 0 G 0 0 . G G G G 1 0
G 88 2 2 n 0 0 0 n G G G 0 0 G G 1 0
G 89 : 2 2 n 0 G 0 0 G 0 G G G 0 G 0
G 90 ! 2 2 ' n G 0 0 0 G G G G G G 0 1 0
G 91 i 2 2 n G 0 0 0 0 0 0 G G G G 1 0
G 92 2 2 n 0 0 0 G G G G G 0 G G 1 0
G 93 2 2 0 G 0 0 G G G 0 G 0 G 0 1 0
G 94 2 2 n G 0 G G G 0 0 G 0 n G 0
G 95 2 2 0 G 0 0 G G 0 G G G 0 0 1 0
G 96 2 2 0 G G 0 G G G G 0 0 0 0 1 0
G 97 2 2 n 0 G G G G G G 0 0 G 0 1 0
G 98 2 2 n G 0 G G G G G 0 0 0 0 0
G 99 2 2 n G 0 0 G G 0 G G G G G 1 0
G 100 ' 2 2 n G 0 G 0 G 0 0 0 G G 0 1 0
G 101 i 2 ^ 2 n G G 0 G G G 0 0 G G G 1 0
G 102 i 2 2 n G G 0 0 G G G G G 0 0 0
G 103 2 2 n G 0 0 0 0 0 0 G G G 0 1 0
G 104 ! 2 2 0 G 0 0 G G G G G 0 G 0 1 G
G 105 1 2 2 0 G 0 0 G 0 0 0 G G 0 0 1 G
G 106 2 2 0 0 0 G G 0 0 G G G G 0 1 G
G 107 ! 2 2 0 0 0 0 G 0 0 0 G 0 0 0 0 G
G 108 , 2 2 n G 0 0 0 G G 0 0 0 0 0 X 0
G 109 2 2 n 0 0 0 G 0 G G 0 G n 0 0 G
G 110 2 2 0 0 0 0 G 0 0 0 G 0 G 0 2 0



TABLE I. (continued). 221

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1
1__2__ 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8

G 111 0 0 1 G G G 1 0 0 0 G 1 G 1 1 1 1 0
G 112 1 G G 0 1 G 1 G G G 1 1 G 1 1 0 G 0
G 113 1 0 0 0 1 G 1 0 G 0 G 1 0 1 1 1 G G
G 114 0 G X 0 G 0 1 G 0 0 G 1 G 1 1 X G 0
G 115 0 G Q 0 1 G 1 G G 0 G 1 G 1 X G 0
G 116 0 0 1 0 G G 1 G G 0 G 1 G 1 1 X 1 G
G 117 1 G 1 G G G 1 G G 0 G 1 G 1 1 X Q G
G 118 0 G 1 0 G G 1 G G 0 1 1 G 1 1 G G
G 119 1 G X G 0 G 1 0 0 0 1 1 0 1 1 X 0 0
G 120 0 G 1 0 G 1 G G G 1 G 0 G 1 0 0 0 1
G 121 0 G 1 0 G t G G G 1 X G G 1 G G G 1
G 122 0 0 1 G G 1 G 0 G 1 X G G 1 G 0 G 1
G 123 0 G 1 0 G I G G 0 I G G G 1 G 0 G
G 124 0 0 1 0 G î G 0 0 I 0 0 0 1 0 0 G 1
G 125 0 G 1 0 G 1 0 G 0 I G G G 1 G 0 G 1
G 126 0 G 1 0 0 1 G G G 1 G G 0 1 G G G 1
G 127 0 G 1 G G 1 G G G I 1 0 G 1 G 0 G 1
G 128 G 0 1 0 0 1 G G G G X G G 1 G G G 1
G 129 0 G 1 G 0 t G G G I G G G 1 G G G 1
G 130 0 G 1 G G 1 G G G 1 G 0 G 1 G G 0 1
G 131 0 G 1 0 G 1 G G G 0 G G G 1 G G G 1
G 132 0 G 1 n G 1 G 0 G 0 G G G 1 G G 0 1
G 1330 0 0 1 0 G 1 0 G 1 G G G 1 0 0 G 1
G 133T 0 1 0 0 1 1 G G 1 0 G 0 1 G 0 0 1
G 134 0 0 1 0 0 1 0 0 G 0 1 0 0 1 0 0 0 1
G 135 0 0 1 n G 1 G 0 G 0 1 G G 1 G 0 G 1
G 136 G 0 X 0 0 1 G 0 G 1 1 G G G 0 G 1
G 137 G 0 1 n G 1 G 0 G 1 1 G 0 1 0 0 G 1
G 138 0 G X 0 G 1 G 0 G ï 0 G 1 G 0 0 1
G 139 0 G 1 0 G i G G G 1 0 G 1 0 0 0 1
G 140 G G 1 0 G G G G ï G G 1 G 0 0 1
G 141 G 0 1 n G 1 G 0 G 1 1 G G 1 G 0 G 1
G 142 1 1 1 0 G X 0 G 0 G 0 1 1 0 0
G 143 1 1 1 0 G 1 0 G G 0 1 G G 1 1 1 G 0
G 144 1 1 1 G 0 X G G G 0 G G 1 1 0 0
G 145 0 0 1 0 0 0 1 0 G 0 1 1 0 1 0 1 0 0
G 146 G G 1 0 G G 1 G G G 1 0 1 1 G 1
G 147 G G 1 0 G 0 1 0 G 0 1 1 G 1 0 1 0 0
G 148 G 0 1 0 G G X 0 G 0 1 1 G 1 G 1 0 G
G 149 G G 1 0 G G 1 G G 0 1 1 G 1 1 0 0 0
G 150 0 G 1 0 G G X G G G 1 1 G 1 G 1 G 0
G 151 G G 1 0 G 1 0 G G 0 1 0 G 1 1 0 0 1
G 152 0 G 1 n G 0 X G 0 0 X G G 1 1 G 0 1
G 153 G G 1 G G 1 G G G G 1 0 G 1 1 0 0 0
G 154 G G 1 n G 0 1 G G 0 1 G G 1 1 1 0 1
G 155 0 G 1 n G 1 0 G 0 G 1 1 G 1 1 0 0 0
G 156 G 0 1 0 0 1 0 0 0 0 X 1 G 1 1 1 G 1
G 157 G G 1 G G G G 0 1 G 1 G 1 1 G 0 0
G 158 G G 1 0 G 1 G G G 0 X 1 G 1 0 1 0 0
G 159 G G 1 0 G G 1 G G 0 X 1 G 1 G 1 0 0



TABLE I• (continued).
2 2 2

Strain
No.

Character Nos.

11 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3
? 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6

G 111 1 1 G n G 2 G 1 1 0 G G G 0 X G G X
G112 1 1 X n G 2 G 1 1 G G G X X X 0 G 0
G113 1 X X 0 G 2 G 1 G X G G G X X G 0 X
G114 0 X 0 n G 2 G 1 1 0 G G G 0 X 0 G X
G115 0 X 0 0 G 2 G G G G X G G G X
G116 0 X 0 0 G 2 G 1 1 G 0 G X G X G G X
G117 0 X G 0 G 2 G X X 0 0 0 G G 0 G X
G118 1 X G 0 G 2 0 1 1 0 G G X G G G X
G119 0 X G n G 2 G 1 1 G G G X G X G G X
G 120 0 X G n 1 1 0 0 1 0 G G G G X 0 G G
G121 0 X G G G 1 G G 1 0 G G X G X 0 G G
G122 0 X G 0 1 G G G 1 0 0 G G G X 0 G G
G123 ; 0 1 X 1 G I G G 1 G 0 G G G X 0 G G
G124 0 1 X 0 1 G 0 G 0 G X 0 G G X 0 G G
G 125 0 1 X 1 G I G G 1 0 0 G X G X G G G
G 126 0 1 0 1 G G G 0 1 0 0 G X 0 X 0 G G
G127 0 1 0 1 G 1 G G 1 G 0 G X 0 X G G G
G 128 0 1 X 0 1 1 0 0 X G 0 G X 0 X G G 0
G 129 0 1 Q G 1 G G G X G G G X 0 X G 0 G
G 130 0 1 X 0 1 0 G 0 X G G G X G X G G G
G131 0 1 1 n 1 1 0 G X G G G X G X 0 G G
G 132 0 1 1 0 1 G G 0 X G 0 0 G X 0 G G
G 1330 G 1 X 1 G 1 G G X 0 0 G G X 0 G G
G 133T 0 1 G 0 1 0 0 G X G Q 0 X 0 X 0 G 0
G 134 0 1 X 1 G 1 G G X G 0 0 X 0 X G G G
G 135 0 1 0 0 1 1 0 G X 0 Q 0 X G X G 0 G
G 136 0 1 0 0 1 1 G G X 0 0 G X G X G Q G
G 137 G X G 1 G X G G X 0 0 0 X G X G G G
G 138 0 X G 1 G X G G X G 0 G X G X 0 G G
G 139 0 1 0 0 G 0 0 G X 0 0 G 0 X 0 G G
G 140 0 1 X 1 G G G G X 0 G 0 X G X G G G
G 141 0 1 0 0 1 1 0 G X 0 0 G X G 0 G G
G 142 1 X G G G 0 G G X 0 G G X X X G G G
G 143 1 X G n 0 G G G X 0 G G X X X G G G
G 144 1 1 G n G 0 G G X 0 0 0 X X X 0 G G
G 145 0 1 X 0 G G 1 G X 0 G G X X X G X G
G 146 G 1 G G G G G G X G Q G X X X X Q G
G 147 0 1 G 0 G G G X G Q G X G G G X G
G 148 0 1 X G 0 0 1 0 X G 0 0 X G X X X X
G 149 1 1 G 0 G 2 G X G 0 G X X G G 0 G
G 150 G 1 0 0 G 0 1 G X G Q G G G G X G
G 151 G 1 G G 0 G 1 G G 0 Q G X X G G G G
G 152 G 1 0 G G G 1 G X 0 0 G X X G G G G
G 153 G 1 G G G G 1 G G I G G X G G G G
G 154 G X G G G G 1 G X 0 G G X X G G G G
G 155 G 1 G G G Q X G X 0 G G X G G G X
G 156 G 1 G G 0 1 G X G 0 G X X G G Q 0
G 157 G X G G G G 1 G X G G G G X G G G G
G 158 G X G G 0 0 1 G X G 0 G X X X X G G
G 159 G X X 0 G I G G I Q G G X G Q G G



TABLE I• (continued)• 2 2 3

Strain
No.

Character Nos.

3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5
7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4

G 111 0 0 1 0 G 2 2 2 2 2 1 G 0 G G G 1
G 112 1 0 1 0 G 2 2 2 2 2 1 0 0 0 1 0 G 1
G 113 0 0 1 n G 2 2 2 2 2 1 0 0 0 1 0 G 1
G 114 0 0 1 0 G 2 2 2 2 2 2 0 G G 1 G G 1
G 115 0 0 1 0 G 2 2 2 2 2 2 G 0 G 1 G G X
G 116 0 0 1 n G 2 2 2 2 2 2 0 G G 1 G G X
G 117 1 1 1 n G 1 2 2 2 2 1 0 0 G 1 G G X
G 118 0 0 1 n G 0 2 2 2 2 2 G 0 G 1 0 G X
G 119 G 1 1 0 G î 2 2 2 2 1 0 0 G 1 G G X
G 120 0 1 Q n G 1 1 2 2 2 1 0 G G 1 1 G G
G 121 0 G n G G 1 2 2 2 1 G G G 1 1 G G
G 122 1 1 0 n 0 G 1 2 2 2 1 0 0 G 1 G G
G 123 0 G n G 1 1 2 2 2 2 G 0 G 1 G G
G 124 0 1 0 1 G 2 2 2 2 2 2 G G 0 1 1 0 G
G 125 0 1 G 1 G 2 2 2 2 2 Q 0 G G 1 1 1 G
G 126 0 1 G 1 G 2 2 2 2 2 2 G 0 G 1 1 1 0
G 127 0 1 0 1 G 2 2 2 2 2 2 0 0 G 1 1 1 G
G 128 0 1 0 1 G 1 2 2 2 2 2 0 0 G 1 1 1 G
G 129 0 1 G 0 G 2 1 2 2 2 1 0 0 G 1 1 G G
G 130 0 1 G n G G 1 2 2 2 1 0 0 0 1 1 G
G 131 0 1 G 0 G G 1 2 2 2 1 G G 0 1 G G
G 132 0 1 0 n G G 1 2 2 2 2 G 0 G 1 1 G G
G 1330 0 G n 0 1 1 2 2 2 1 0 G G 1 G G
G 133T 0 1 0 n G 1 1 2 2 2 1 G G 0 1 1 G 0
G 134 0 0 n G 2 2 2 2 2 2 G G n 1 1 G G
G 135 0 1 0 0 0 G 1 2 2 2 1 G 0 0 1 G G
G 136 0 1 G n G 1 2 2 2 2 1 2 0 G 1 1 G G
G 137 0 G n G 2 1 2 2 2 1 G 0 0 1 G G
G 138 0 1 0 0 G 2 2 2 2 2 2 2 G G 1 1 1 G
G 139 0 1 0 '' n G G 2 2 2 2 1 G G G 1 1 G
G 140 0 Q 0 G 2 2 2 2 2 2 0 0 G 1 1 1 G
G 141 0 1 G 0 G 1 1 2 2 2 2 G G G X G G
G 142 0 1 G 0 G 2 2 2 2 2 0 0 G G 1 1 G G
G 143 0 1 G 0 G 2 2 2 2 2 1 0 G G 1 G G
G 144 0 1 G 0 G 2 2 2 2 2 1 0 0 G 1 1 G G
G 145 1 X G 0 G 1 2 2 2 2 1 1 0 0 1 1 G 2
G 146 1 X G 1 G 1 2 2 2 2 X 2 0 G G 1
G 147 0 G 0 G 0 2 2 2 2 1 G 0 0 G G
G 148 1 1 1 0 G 1 2 2 2 2 1 1 0 G 1 1 G 2
G 149 0 G 1 G G 2 2 2 2 1 1 1 1 1 Q G
G 150 0 G 0 G 1 2 2 2 2 X G G 0 1 G G
G 151 0 1 G n G 2 2 2 2 2 2 1 G G 1 1 G G
G 152 1 1 1 0 G 1 2 2 2 2 2 0 G 0 1 1 Q G
G 153 0 Q n 0 2 1 2 2 2 2 0 G G 1 1 1 G
G 154 0 G 0 G 2 2 2 2 2 1 0 G G 1 1 Q G
G 155 1 1 1 n G 1 1 2 2 1 1 0 G G G 2
G 156 1 1 Q 0 G 1 2 2 2 2 2 0 G G 1 1 2 G
G 157 0 1 G n G 0 2 2 2 2 1 0 G 0 Q G
G 158 1 1 G n G 1 2 2 2 2 1 0 G G 1 G G
G 159 1 1 G n G G 2 2 2 2 1 0 G G G 1 1 1



TABLE I. (continued), 224

Strain
No.

Character Nos.

5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7
5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2

G 111 1 1 G 0 1 1 1 1 1 0 1 1 1 1 1 2 2
G 112 1 1 1 G 0 0 0 1 1 0 0 1 1 1 1 1 2 2
G 113 1 G 0 1 1 1 1 0 0 1 1 1 2 2
G 114 1 1 1 G 0 1 1 1 1 I 0 1 1 1 1 1 1 2
G 115 1 1 1 G 0 0 1 1 1 1 0 1 1 1 1 1 1 2
G 116 1 1 1 G 0 0 1 1 1 1 0 1 1 1 1 1 1 2
G 117 1 1 1 G 0 0 1 1 1 1 . 0 1 1 1 1 1 1 2
G 118 1 1 1 G Q 1 1 1 1 1 0 1 1 1 1 1 1 2
G 119 1 1 1 G 0 1 1 1 1 0 1 1 1 1 1 1 2
G 120 0 0 0 G 1 1 1 1 1 1 0 1 2 2 2 2 0
G 121 0 n 0 G 1 0 1 1 1 0 0 1 G 1 1 2 2 0
G 122 0 0 0 G 1 1 1 1 1 1 0 1 G 1 2 2 2 0
G 123 0 0 0 G 1 1 1 1 1 0 0 1 0 1 1 1 1 G
G 124 n 0 0 G 1 0 1 X 1 1 0 1 1 1 1 2 2 G
G 125 0 0 0 G 1 0 0 1 1 î 0 1 G 1 1 1 1 G
G 126 0 0 G G 1 0 0 1 1 1 0 1 G 1 1 1 2 G
G 127 0 0 1 G 1 0 1 1 1 1 0 1 G 1 1 1 1 G
G 128 0 0 1 G 1 0 1 1 1 1 0 1 0 1 1 1 1 G
G 129 0 0 0 G 1 1 2 1 1 1 0 1 1 1 2 2 G
G 130 0 0 0 G 1 i 2 1 1 1 0 1 1 1 2 2 2 G
G 131 0 0 G G 1 2 2 1 1 I 0 1 1 1 2 2 2 0
G 132 0 0 1 G 1 1 1 1 1 1 0 1 1 1 1 2 2 0
G 1330 0 0 0 G 1 1 2 1 1 1 0 1 1 2 1 2 G
G 133T 0 0 0 G 1 0 2 1 1 0 0 1 1 1 2 2 2 G
G 134 0 0 0 G 1 0 1 1 1 0 1 G 1 1 1 2 G
G 135 0 0 G G 1 1 1 0 0 0 1 2 2 2 2 1
G 136 0 0 G G 1 1 1 1 0 0 0 1 1 1 2 2 2 G
G 137 0 0 1 G 1 2 2 0 1 0 1 0 1 2 2 2 1
G 138 0 0 G G 1 0 0 X 1 1 0 1 0 1 1 1 2 G
G 139 0 n G G 1 1 1 0 0 0 1 2 0 2 2 2 2
G 140 0 0 G 0 1 1 1 1 1 0 0 1 2 0 2 2 2 G
G 141 0 0 0 0 1 2 2 0 0 0 1 2 0 2 2 2 G
G 142 0 0 1 0 1 1 1 1 0 0 G 1 0 1 1 1 1
G 143 0 0 1 0 1 1 1 1 1 I 0 G 1 0 1 1 1 1
G 144 0 0 X 0 1 2 2 1 0 0 0 G 1 G 1 1 1 1
G 145 2 2 1 G 1 1 1 1 0 0 2 0 2 G 2 2 2 1
G 146 2 2 1 G 2 2 0 1 0 1 2 G 1 1 1 1
G 147 0 G 1 G 1 1 1 1 1 1 0 2 G 2 2 2 2
G 148 2 2 1 0 1 1 1 1 1 1 G 1 2 0 1 1 1 1
G 149 0 0 1 1 1 2 1 1 I G 1 G 1 G 0 0 1
G 150 0 G 0 1 1 1 1 1 I G 1 2 G 2 2 2 2
G 151 0 G 1 0 1 1 2 1 1 1 0 1 1 1 G X 1 2
G 152 0 G 1 G 1 1 1 1 1 1 G 1 1 G 1 X 1 2
G 153 0 G G 1 1 1 1 1 I G 1 1 1 G X 1 1
G 154 0 0 G 1 0 1 0 1 G 1 G 2 2 2 2
G 155 2 2 X . 0 2 2 0 1 G 1 1 1 1 2 2 1
G 156 0 0 1 G 1 0 G 1 1 1 G 1 1 1 G G Q 0
G 157 0 G 1 1 1 0 0 0 G 1 1 1 2 2 2 2
G 158 0 G G 1 G 2 1 1 1 0 1 1 1 2 2 2 1
G 159 1 2 1 G 1 G 1 1 1 1 2 0 2 G 1 2 2 2



TABLE I. (continued) 2 2 5

Strain
No.

Character Nos.

7 7 7 7 7 7 7 8 8 8 8 8 8 8 8
3 4 5 6 7 8 9 0 1 2 3 4 5 6 7

G 111 2 2 1 n 1 0 0 0 1 G G G 1 0 2
G 112 2 2 1 n 1 0 G n 1 G 0 0 1 0 1
G 113 2 2 1 1 0 G 0 1 0 1 0 1 G 1
G 114 2 2 1 0 1 0 G n 1 0 0 0 1 0 1
G 115 2 2 1 1 1 0 G 0 1 0 0 0 1 0
G 116 2 2 1 1 1 0 G 0 1 1 G G 1 0 1
G 117 2 2 1 1 1 0 G 0 1 1 1 G 1 0 1
G 118 2 2 1 1 1 0 G n 1 I G 0 1 n
G 119 2 2 1 1 1 G G 0 1 1 0 0 1 0
G 120 0 2 0 n G 1 1 0 1 1 1 0 G 1 1
G 121 0 1 0 1 G 1 G 0 1 1 1 G 0 1
G 122 0 2 0 n G 1 1 0 1 1 1 0 0 1 1
G 123 0 0 0 1 G 1 1 G 1 1 G 0 0 1
G 124 0 n 0 0 G 1 1 0 1 1 1 0 G 1 1
G 125 0 n 0 1 G 1 1 n 1 1 1 0 0 0 1
G 126 0 0 0 1 0 1 1 0 1 1 1 0 0 n
G 127 0 0 0 1 0 1 1 0 1 1 1 0 0 1 1
G 128 0 n G 1 G 1 1 0 1 1 1 0 G 1 1
G 129 1 1 0 1 G 1 0 1 1 1 0 G 1
G 130 1 1 G n G 1 G 1 1 1 0 0 0 1
G 131 1 2 G n G 1 1 G 1 1 1 0 0 1 1
G 132 1 2 G n G 1 0 1 1 1 0 0 0 1
G 1330 1 2 G G 0 1 G 1 1 1 G G 0 1
G 133T 1 1 0 n G 1 0 1 1 1 0 0 0
G 134 0 0 G n G 1 0 1 1 1 0 0 0 1
G 135 2 2 G n G 1 1 0 G G 0 0 1
G 136 1 2 G n G 1 1 G 1 1 1 0 0 n 1
G 137 2 2 G n G n 1 G 0 G G 1
G 138 : 1 0 G 1 G 1 1 G 1 1 0 0 G 0 1
G 139 2 2 G 1 G 1 1 0 G 1 1 n G 1 1
G 140 1 0 0 0 0 0 G 1 0 0 1 0 0 0 G 1
G 141 1 2 G 0 G 1 1 0 G 1 G 0 0 G
G 142 1 2 2 G 0 G 0 0 1 0 0 0 1 1
G 143 2 2 G 1 G 0 1 0 1 0 0 G 1
G 144 2 2 0 1 G 0 1 G 1 1 0 G 0 1 1
G 145 ; 2 2 G 1 1 G 1 0 0 1 0 0 0 0
G 146 ! 2 2 G 1 1 G 1 0 1 1 1 0 0 0 1
G 147 1 2 2 0 1 1 0 1 0 G I 1 0 1 0
G 148 ! 2 2 G 1 1 0 1 0 1 I 0 0 0 0 1
G 149 1 2 2 1 1 1 0 0 1 0 0 1 0
G 150 2 2 G 0 1 0 1 0 G 1 1 0 0 0 1
G 151 2 2 1 1 G G 0 0 1 0 1 0 1
G 152 2 2 0 1 0 0 1 G 1 I 1 0 0 0 1
G 153 2 2 G 1 G 0 1 0 1 1 1 G 0 1 1
G 154 2 2 G n G 0 1 0 1 G 0 1 0 0 1
G 155 1 2 G n 1 0 0 1 n 0 0 1 0 1
G 156 1 2 1 1 0 1 1 0 1 0 Q G 1 0 G
G 157 2 2 Q 1 G 1 0 1 1 1 0 0 0 2
G 158 1 1 G 1 0 0 1 0 1 1 Q 0 0 0 2
G 159 2 2 1 0 1 0 0 0 1 I 1 G 0 0 1

8 9
90



TABLE I• (continued). 2 2 6

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1
9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8

G111 , 2 1 2 1 1 1 1 0 1 0 G 1 G 0 G G G G
G 112 / 1 1 1 n 1 1 0 0 0 0 G 0 0 0 G G G G
G113 1 1 1 n 1 1 1 0 1 0 0 1 0 0 0 G 0 0
G114 ' 1 1 n 1 1 1 0 1 0 G 1 0 0 0 0 G G
G 115 1 1 1 n 1 1 1 0 1 0 G 1 0 n G G G 0
G116 1 1 1 n 1 1 1 0 1 0 G 1 0 0 0 G G G
G117 ’ 1 1 1 1 1 1 1 0 1 0 G 1 0 0 G 0 0 0
G118 1 1 1 n 1 1 1 0 1 0 G 1 0 0 G G 0 G
G119 1 1 1 n 1 1 1 0 1 0 G 1 0 0 G G G 0
G 120 1 1 1 n 1 1 G G G n G 0 G 0 0 1 1 G
G121 1 1 1 1 1 1 0 n 0 0 G 0 0 0 0 1 1 G
G122 1 1 1 1 1 1 0 0 1 0 G 0 G 0 G 1 G G
G123 1 1 1 0 1 1 G G 1 0 0 G G 0 G 1 1 0
G124 1 1 1 n 1 1 G 0 0 0 G 0 G n 0 1 G 0
G 125 : 1 1 1 0 1 1 1 0 1 n G 0 0 0 0 1 1 1
G 126 1 1 1 n 1 1 0 0 1 0 G 0 G G G 1 1
G127 1 1 1 0 1 1 1 0 1 0 G G 0 0 0 1 1 2
G 128 1 1 n 1 1 G 0 1 0 0 0 G G 0 1 1 1
G129 î 1 1 n 1 1 G 0 1 0 G 0 1 G G 1 1 1
G 130 1 1 n 1 1 1 0 0 0 G 0 1 0 G 1 0 0
G 131 1 1 1 1 1 1 G 0 0 G G 0 1 G 0 1 1 1
G132 1 1 1 0 1 1 G 0. 1 0 G 0 G n G 1 2 G
G 1330 1 1 1 1 1 1 G n 0 0 G 0 1 0 0 G G
G 133T 1 2 G 0 G 0 G 1 1 G G 1 0 0
G 134 1 1 1 0 1 1 G 0 1 0 G 0 0 0 G 1 2 2
G135 1 1 1 n 1 1 G n 0 0 G 1 G G G 1 G 0
G 136 1 1 1 n 1 1 G 0 1 0 0 0 0 G 0 1 G G
G137 1 1 1 n 1 1 G 0 1 0 0 0 G G G 1 G G
G138 1 1 1 n 1 1 G G 1 0 0 0 G G G 1 1 G
G139 1 1 n 1 1 G 0 1 0 G 0 1 G G 1 2 G
G 140 1 1 1 0 1 1 G 0 1 0 0 0 1 G 0 1 2 0
G 141 1 0 0 0 G G 1 0 G 0 1 2 G
G142 1 1 1 0 1 1 G 1 1 G G 0 0 G 0 1 1 0
G143 1 1 1 n 1 1 0 0 1 0 G 0 0 G G 1 1 G
G 144 1 1 1 n 1 1 G 0 1 G G 0 0 G 0 1 0 0
G 145 1 G 0 G 1 G 1 1 1 G 1 0 0
G 146 1 1 1 1 1 1 G 0 0 G 0 1 G G 1 0 G
G 147 1 1 1 1 G 0 î G 1 1 G 0 1 2 G
G 148 1 1 1 0 1 1 1 1 G I G 1 1 1 0 1 0 0
G149 1 1 1 1 0 1 1 1 0 G 0 0 0
G 150 1 1 1 1 1 1 0 0 1 0 1 1 0 G 1 0 0
G 151 1 1 1 0 1 1 0 0 0 G 0 1 1 G G 1 G 2
G 152 1 1 n 1 1 G 0 0 1 0 1 0 G 0 1 0 2
G 153 1 1 1 0 1 1 G 0 G G 0 1 0 G G 1 0 2
G 154 1 1 1 0 1 1 G 0 0 0 0 1 0 G 0 1 0 2
G155 1 1 1 n 1 G 0 1 0 0 1 0 G 0 0 G
G 156 1 1 1 n 1 1 1 0 1 1 G 0 0 G 1 0 0
G 157 1 1 1 0 1 1 1 0 1 0 G 1 0 0 G 0 0
G158 1 1 1 1 1 0 1 G 0 1 1 G G 0 2
G 159 1 1 0 1 1 G 0 0 1 0 1 0 G 0 1 0 0



TABLE I. (continued). 2 2 7

Strain
No.

Character Nos.

rr ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2
9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6

G 111 0 0 G G 0 G G G 0 0 G 0 0 G 0 G 0 0
G 112 0 0 G n G 0 G n 0 0 G 0 G 0 0 0 0 0
G113 0 0 G n 0 G G 0 G 0 G 0 0 G 0 fi 0 0
G 114 0 G G n 0 G G 0 2 0 G 0 0 0 0 fi 0 0
G 115 0 0 G n 0 G G n 2 0 0 G 0 0 G 0 0 0
G 116 0 0 G n G G G G 2 0 G 0 0 n 0 fi 0 0
G 117 0 0 0 n G 0 0 0 2 0 G G 0 0 2 fi 0 0
G118 0 0 G n G G G 0 2 0 G 0 G 0 2 G 0 0
G 119 0 0 G n 0 G G G 2 0 G G 0 0 0 0 0 0
G 120 0 2 2 2 1 2 2 2 2 G 2 2 0 2 fi 2 2
G 121 1 2 1 1 2 1 2 2 2 2 2 2 2 G 2 1 2 2
G 122 0 n G 1 2 G G 0 0 2 G 2 2 G 2 G 0 2
G 123 1 2 2 1 *2 1 2 G G 2 G 2 2 0 2 2 0 2
G 124 0 2 G 2 G G 0 0 2 G 2 0 0 2 fi G 2
G 125 1 2 2 1 2 1 G 2 2 2 2 2 2 2 2 G 2 2
G 126 1 2 1 1 2 1 2 2 2 2 2 2 2 1 2 G 2 2
G127 1 2 1 1 2 1 G 2 2 2 2 2 2 2 2 1 2 2
G 128 1 2 1 1 2 1 G 2 2 2 G 2 2 2 2 1 2 2
G129 1 2 1 1 G 1 G G G 2 G 2 2 2 2 1 2 0
G 130 0 G G n 2 0 G G 0 2 G 2 2 0 2 G 2 2 -
G 131 1 2 2 n 2 1 0 0 0 2 G 2 2 G 2 G 2 2
G 132 G 2 1 n 2 0 G G 0 2 0 2 2 G 2 0 2 2
G 1330 G 2 G n G 0 G G 0 2 G 2 2 G 2 0 G 0
G 133T G 2 G n G 0 G 0 0 2 G 2 2 G 1 fi 0 0
G 134 1 2 2 1 2 2 2 2 G 2 2 2 2 2 2 fi 2 2
G 135 G 2 0 0 0 0 G G 0 2 2 0 2 0 2 2 0 2G 136 G 2 2 0 2 0 0 G 0 2 G 2 0 0 2 2 2 2
G 137 G 2 0 n 0 0 0 G 0 2 G 0 0 0 0 0 0 0
G 138 G 2 1 2 2 1 2 2 2 2 G 2 2 G 2 2 2 2
G 139 , G 2 0 n 2 G G 2 0 2 G 2 2 2 2 1 2 2
G 140 G 2 1 1 2 1 G G 0 2 G 2 2 G 2 2 2 2
G 141 G 2 G 0 G G G G G 2 0 2 2 0 2 0 2 0
G 142 1 1 2 1 2 1 0 0 0 2 2 0 2 0 2 1 2 2
G 143 1 1 2 1 2 1 G 0 0 2 2 0 2 G 2 1 2 2
G 144 G 1 2 n 2 1 G 0 0 2 2 0 2 0 2 1 2 2
G 145 0 2 0 2 2 G 2 G 1 2 2 2 2 0 2 2 0 2
G 146 G 0 G n 1 G 0 2 G 2 0 Ô 2 G 0 0 0 2
G 147 0 2 0 0 2 0 G G 1 2 0 2 G 0 2 2 0 2
G 148 G 0 G n 2 G 2 2 0 2 0 2 G 0 2 2 0 2
G 149 -G G 0 n G G G G 0 0 G 0 0 G 0 2 0 0
G 150 G 2 G n 2 0 2 G 2 2 0 2 2 0 0 2 2 2
G 151 G 2 G n 2 2 0 2 2 1 G 2 2 0 0 0 0 2
G 152 G 2 G n 2 0 G 0 0 2 0 2 2 2 2 0 G 2
G 153 G 2 G n 2 2 G 2 2 2 0 2 2 0 2 2 0 2
G 154 0 2 0 n 2 0 2 2 2 2 2 2 2 2 2 2 2 2
G 155 G G G n G 0 G G 0 2 G 0 G 0 0 0 0 fi
G 156 0 2 G n 0 0 0 2 2 2 0 2 0 0 G 0 2 fi
G 157 0 2 G n 2 G G G 0 0 0 n 0 G 0 f i . 0 2
G 158 G 2 G n 2 0 2 0 2 0 0 2 2 0 2 2 2 2
G 159 0 0 G n G G 0 G 2 2 0 0 0 0 2 fi 0 fi



TABLE I• (continued), 228

Strain
No.

■Character Nos.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4 4
7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3

G 111 ' 0 n Q G 0 0 0 0 0 0 0 0 0 0 0 0 0
G 112 0 G 0 0 G G G G G G 2 1 0 0 G 1 0
G 113 0 G G G 0 0 1 G G 0 0 0 0 0 0 G 0
G 114 0 n G 1 G 0 0 0 G 0 0 G G G 0 1 0
G 115 0 G G 1 0 G 0 G G 0 0 0 0 0 G 0 0
G 116 0 0 0 1 0 G 0 0 0 0 G 0 0 0 1 1 0
G 117 0 0 0 1 0 0 G G 0 G G 1 G 0 0 1 0
G 118 G G G 1 0 0 0 0 G 0 0 G 0 0 0 0 0
G 119 0 0 0 1 0 0 G 0 0 G 0 G , 0 G G 0 0
G 120 Ô 2 1 G 1 0 0 0 G G 0 1 0 0 G 1 0
G 121 0 2 1 G 1 0 G G G G 0 2 0 G 0 2 0
G 122 0 2 1 G 0 0 0 0 0 G 0 2 0 0 0 2 0
G 123 2 2 1 G 1 0 0 0 0 G 0 1 0 G 0 2 0
G 124 0 0 1 1 1 0 0 0 0 0 0 1 0 0 0 2 G
G 125 2 2 1 1 1 0 0 0 0 G 0 1 ü 0 G 2 0
G 126 0 2 1 1 1 0 0 0 0 G 0 1 0 0 G 2 0
G 127 2 2 1 1 1 0 0 0 0 G G 2 0 G 2 2 0
G 128 2 2 1 1 1 0 G 0 0 0 G 2 0 0 2 2 0
G 129 0 2 1 G 0 0 G 0 0 0 0 2 G G 0 2 0
G 130 0 0 1 G G 0 0 0 G 0 0 0 0 G G 2 0
G 131 0 2 1 G 0 0 0 0 0 0 0 2 0 G 0 2 0
G 132 G 2 1 1 1 0 0 0 0 G G 2 G 0 0 2 G
G 1330 G G 1 G 1 0 0 0 G 0 G G 0 0 0 2 0
G 133T G 0 1 0 1 G G G G G 0 0 G 0 0 2 0
G 134 2 2 1 1 1 0 G G G 0 G 2 0 0 2 2 0
G 135 0 G G 0 0 0 G G .0 0 G 0 0 0 2 1
G 136 1 G 1 1 1 0 0 0 G 0 0 0 0 0 0 2 0
G 137 G 1 G G 0 0 0 G G 0 2 0 1 0 2 0
G 138 1 2 1 G 1 0 0 0 0 G 0 1 0 0 0 2 0
G 139 G G 1 1 0 0 G G 0 1 1 0 G 0 2 0
G 140 1 1 1 G 1 0 0 0 0 G 0 0 0 0 2 2 0
G 141 0 2 1 0 0 G G 0 G 0 0 1 0 0 0 2 0
G 142 G 1 l 0 1 0 0 0 0 0 0 G 0 0 0 2 1
G 143 1 1 1 0 1 G 0 0 0 0 G G 0 0 0 2 1
G 144 0 1 1 G 1 0 G G 0 0 0 0 0 0 0 2 1
G 145 0 G 1 0 0 0 0 0 0 0 0 G 0 0 0 1 0
G 146 0 G 0 0 0 G G 0 n 1 0 0 1 0 G 1
G 147 G G 1 0 0 0 0 G 0 0 0 1 0 G 0 2 0
G 148 0 0 1 0 0 0 0 0 G 0 Q 1 0 0 0 2 0
G 149 G 0 1 1 0 0 0 G G 1 0 1 0 1 0 2 0
G 150 0 G 1 0 0 G 0 0 0 0 0 1 0 G 0 1 0
G 151 ' G 0 1 1 1 0 0 G 0 0 0 2 0 0 0 2 0
G 152 , 0 G 1 1 1 0 G 0 0 G G 2 0. 0 0 2 1
G 153 0 0 1 1 1 0 0 0 0 0 0 2 0 0 0 2 0
G 154 2 2 1 1 1 0 0 G 0 0 0 2 0 0 0 2 0
G 155 G G 0 0 0 0 G 0 0 0 2 0 0 0 0 0
G 156 2 0 X 1 1 0 0 0 0 1 X 1 2 1 0 2 0
G 157 0 0 n 0 G 0 0 0 0 0 0 0 0 0 0 0
G 158 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0
G 159 ' G 0 X 0 G 0 0 0 0 G 0 0 0 0 0 1 0



TABLE I. (continued). 2 2 9

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1
1 2 . 3 4 5 6 7 8 9 0 2 3 4 5 6 7 8

G 160 0 G 1 n G î G 0 G 0 G 1 G 1 G G
G 161 0 0 1 0 G G 1 0 G 0 G 1 1 0 G 0
G 162 ; 0 G 1 0 G I G 0 G G 1 G 1 G 1 0 G
G 163 ; 0 0 0 G 1 G G G G 1 G 1 G 1 G 0
G 164 0 G 1 0 G 1 G G G G 1 G 1 1 1 0 1
G 165 G 0 1 0 G 1 0 G G G 1 G 1 1 1 G 0
G 166 0 G 1 0 G G X G G G G 1 G 1 1 G
G 167 0 0 1 0 G G 1 G G G 1 G 1 G 1 1 0
G 168 1 G 0 G 0 1 G G G G 1 1 0 Q 0
G 169 0 0 0 G 1 G 0 G 0 G 1 1 1 G G
G 170 0 G 1 n G 0 1 G G G G 1 G 1 G 0
G 171 0 G n G 0 1 0 G 0 1 G 1 G 1 1 1
G 172 0 0 1 0 G 0 1 G 1 0 1 q 1 G 1 G 0
G 173 0 G 1 0 G G 1 0 1 G 1 G 1 G 1 0 1
G 174 0 G 1 G G 0 .  1 G 1 0 1 G 1 G 1 1 G
G 175 0 0 1 0 G 1 G 0 G G 1 G 1 G Q G 1
G 176 0 G 1 0 G 1 G G 0 G 1 G 1 G G 0 1
G 177 G 0 1 0 G G 1 G G 0 1 G 1 G 0 G 1
G 178 : G G 1 0 G G 1 G G G 1 G 1 G G G 1
G 179 G 0 1 0 G I G 0 G 0 1 G 1 G G G 1
G 180 : G 1 1 0 G G 1 G G 1 0 G 1 G G G 1
G 181 i 0 0 Q 1 G 0 1 G G 0 G 1 1 0 G G 1
G 182 ' G 0 X 0 G G 1 0 G 0 1 G 1 G G G 1
G 183 G 1 Q 0 1 1 G G G 1 G G 1 0 1 1 G
G 184 1 G 1 G 0 1 î G G G 1 G G 1 G 1 0
G 185 G 1 G 0 1 1 G G G 1 0 G 1 G 1 G
G 186 G 1 G 0 1 1 G G G I G G 1 G 1 1 G
G 187 G 1 X n 1 G G G G G G 1 G 1 0
G 188 G 1 Q G 1 G 0 G G G G 1 0 0
G 189 G 1 G 0 1 1 G G G 1 G G 1 G 1 1 1
G 190 G 1 X 0 G G G I G G 1 G 1 1 0
G 191 G 1 Q 0 1 G 1 G G 1 G G 1 0 1 X G
G 192 G 1 G 0 G X 0 G i G 0 1 0 0
G 193 G 1 G G G X G G I 0 G 1 G 1 X 0
G 194 G 1 G 0 G G G I G G 1 G 0
G 195 G 1 G n 1 G X G G 1 G G 1 G X 0
G 196 G 1 G 0 1 G X 0 G G G 1 G G
G 197 G 1 G n 8 G G ï 0 G 1 0 0 1
G 198 0 1 Q 0 G X 0 G i 0 0 1 0 0
G 199 0 1 G n 1 G X G G G G 1 G 0
G 200 G 1 G 0 1 1 G G ï : 0 G 1 G G
G 201 G 0 G n 1 G 1 G G G 1 G 1 1 1 X
G 202 G G X 0 0 G 1 G G 0 1 G 1 1 1 0



TABLE I. (continued). 230

Strain
No.

Character Nos.

1 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3
? 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6

G 160 0 1 1 1 G I 1 G 1 0 0 G 1 1 1 G G G
G 161 0 1 1 0 G 1 1 G G I G G G 1 G 0 G 0
G 162 0 1 G 0 G G 1 G 1 G 0 G 1 1 1 1 G G
G 163 0 1 G 1 G 0 1 G 1 G 0 G G 1 1 1 G G
G 164 0 1 G 0 G 1 1 G 1 G 0 G 1 1 G G G G
G 165 0 1 G 0 G 0 1 G 1 G G G 1 1 1 1 G G
G 166 0 1 X n G 1 1 G 1 0 G G 1 G G 0 G 1
G 167 0 1 Q 0 G 2 G G 1 0 G 1 1 G G G G 0
G 168 1 1 G 0 G 1 1 1 1 0 0 G 1 1 G G G G
G 169 0 1 G 0 G 1 1 0 1 G 0 G G 1 1 1 G 0
G 170 0 1 X 0 G 1 G G 1 G 0 G 1 G G 0 G 1
G 171 0 1 0 0 G 1 X G 1 0 0 G 1 G G 0 G 0
G 172 0 1 G 0 G G Q 0 1 G G 0 1 1 G G G G
G 173 0 1 G 0 G G G G 1 0 Q G 1 1 G G G 0
G 174 0 1 G n G G 1 G 1 G 0 1 1 G G 0 G 0
G 175 G 1 G 0 G 1 G G G 1 0 0 G G G G G G
G 176 0 1 G n G 1 G G 1 0 0 1 1 G G G G 0
G 177 0 1 G n G 1 G 0 G 1 G G 1 0 G G 0 0
G 178 0 1 G 0 G 1 G G 1 0 0 G 1 G G G G 1
G 179 0 1 G 0 G G G 0 1 G 0 G 1 G G 0 G G
G 180 0 1 1 0 G G G G 1 0 G G 1 G G 0 0 1
G 181 G 1 Q n G 0 G 0 1 0 0 0 1 G G 0 G 1
G 182 G 1 G 0 G 1 G G 1 G Q G 1 0 0 G G G
G 183 G 1 1 0 G G G G 1 G 0 0 G G 0 G G G
G 184 G 1 1 n G G G G 1 G 0 G G G G G G G
G 185 G 1 1 G G G G G 1 G G n 1 G G 0 G G
G 186 G 1 0 G G G G 1 G 0 G G G G 0 G G
G 187 , G 1 1 n G G G 0 1 G G G G G G 0 G G
G 188 : G 1 1 G G G G G 1 G 0 G 1 G G G G 0
G 189 G 1 n G 0 G 0 1 G Q 0 G 1 G G G 0
G 190 i G 1 X 0 G 0 G G 1 G 1 G G 0 0 G 0 0
G 191 G 1 X G G 1 G G 1 G G G 1 G 1 1 G 0
G 192 i 0 1 X 0 G 1 G G 1 G X G G G 0 G 0 0
G 193 G 1 X 0 G I G G 1 G Q G 1 G 0 G Q 0
G 194 ! G 1 X n G 0 0 G 1 G 1 0 0 G 0 0 G 0
G 195 ; G 1 X G G G G G 1 0 1 G G G 0 0 G 0
G 196 j G 1 X G 1 G 0 1 G Q G 1 G 0 G 0 0
G 197 ! G 1 X 0 1 1 G G 1 0 0 G 1 0 G G 0 G
G 198 G 1 X n 1 1 G G 1 Q 0 G 1 G 0 0 G 0
G 199 G 1 X 0 1 i G G 1 0 0 G 1 0 G G 0 0
G 200 G X Q 0 1 1 G 1 1 G 0 G 1 0 G G G 0
G 201 G X X 0 G 1 G G 1 G 0 G 1 G G 0 G G
G 202 G 1 0 0 0 2 X G 1 0 0 0 1 1 1 0 0 G



TABLE I. (continued).
231

Strain
No.

Character Nos.

3 3 3 4 4 4 4 4 4 4 4 4 4 5 5 5 5 5
7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4

G 160 0 1 0 0 1 2 2 2 2 2 1 0 0 0 X 1 G X
G 161 0 0 0 1 1 1 2 2 2 2 1 0 0 0 X 0 0 0
G 162 1 1 1 0 0 2 2 2 2 i 1 0 0 0 0 0 G X
G 163 1 1 1 n 0 0 2 2 2 2 1 0 0 0 0 0 0 0
G164 1 1 1 n 0 0 2 2 2 2 1 0 0 0 X X 2 0
G 165 0 0 0 n 0 2 2 2 2 1 1 0 G 0 0 0 0 0
G166 1 1 1 1 G 2 2 2 2 2 1 0 G 0 0 0 X X
G 167 1 1 0 n 0 1 1 2 2 2 2 0 0 X 0 0 X
G168 0 0 0 n G 1 2 2 2 1 X 0 0 0 0 0 0 X
G 169 0 1 0 1 G 2 2 2 2 2 1 0 0 0 G X 0 0
G 170 0 0 0 1 0 2 2 2 2 2 1 1 0 0 0 0 X X
G171 1 1 Q n 0 2 2 2 2 2 1 0 G 0 X X 0 X
G 172 0 1 0 n 0 2 1 2 2 2 1 0 0 0 X X 0 0
G 173 1 1 0 n 0 1 1 2 2 2 1 0 0 0 X X 0 0
G174 0 1 G n 0 1 1 2 2 2 1 0 0 0 X X 0 G
G 175 0 0 0 n 0 2 2 2 2 2 1 0 G 0 X X 2 0
G176 0 0 0 0 0 1 2 2 2 2 1 0 0 G X X 2 G
G 177 1 1 0 0 0 1 2 2 2 2 0 0 0 X X 2 0
G178 1 1 0 0 0 1 2 2 2 2 1 X 0 0 X X 2 G
G179 0 0 0 1 0 1 2 2 2 2 1 0 0 0 0 X
G 180 0 0 0 n 0 2 2 2 2 2 0 0 0 X 0 G
G 181 1 1 1 n G 1 2 2 2 2 1 0 G 0 X 0 X
G182 1 0 0 1 1 1 2 2 2 2 1 2 0 0 X X
G 183 0 0 0 n G 1 2 2 2 2 1 0 0 0 X X 0 G
G 184 0 0 G n 0 0 2 2 2 2 1 0 0 0 X X 0 0
G 185 0 0 0 n 0 0 2 2 2 2 1 0 0 0 X X 0 G
G186 0 0 G n 0 0 2 2 2 2 1 0 0 0 X X 0 G
G 187 0 0 G n G 2 2 2 2 2 1 0 G 0 X X 0 G
G 188 0 0 G 0 0 0 2 2 2 2 1 0 0 0 X X 0 G
G 189 1 1 G 0 G 1 2 2 2 2 0 0 0 X X 2 G
G 190 0 0 0 0 G 0 2 2 2 2 1 0 0 0 X X Q G
G191 0 1 G n G 2 2 2 2 2 1 0 0 0 X X X G
G192 0 0 0 n 0 1 2 2 2 2 1 0 0 0 X 0 G
G 193 0 0 0 n 0 1 2 2 2 2 1 0 G 0 0 G
G 194 0 0 Q 0 0 1 2 2 2 2 1 0 0 0 X X 0 G
G 195 0 0 0 n 0 2 2 2 2 2 1 0 0 0 X X 0 G
G196 0 0 1 n 0 G 2 2 2 2 1 0 0 0 X X G G
G 197 0 0 0 n 0 1 2 2 2 2 1 0 0 0 X X X G
G 198 0 0 0 n G 1 2 2 2 2 1 0 0 0 X X G
G 199 0 0 0 0 0 0 2 2 2 2 1 X 0 0 X X X G
G 200 1 0 0 n 0 1 2 2 2 2 X 0 0 0 X X X G
G 201 0 0 0 n 0 1 2 2 2 2 1 0 0 0 X X 0 G
G 202 1 1 0 0 0 1 2 2 2 2 X 0 0 0 X X G



TABLE I. (continued).
232

S tra in
No,

Character Nos,

5 5 5 5 5 6 6 6 6 6 6 6 6 6 6 7 7 7
5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2

G 160 1 2 1 0 1 0 1 1 1 I 0 1 2 0 0 0 1 1
G 161 1 1 1 n 1 G G 1 1 1 0 1 1 1 0 G 1 2
G 162 1 1 1 n 1 G 0 1 1 1 0 1 1 1 0 1 1 1
G 163 1 1 0 1 0 1 1 1 1 0 1 1 1 0 1 1 2
G 164 1 1 1 1 G 0 1 0 1 0 1 2 2
G 165 1 1 1 1 1 0 G 1 1 1 G 1 1 1 0 G 1 1
G166 1 1 1 0 1 0 G 1 1 0 1 1 1 0 0 0 1
G 167 1 1 1 n 1 1 0 1 1 2 2 2 2
G168 1 1 1 n G 1 1 1 1 1 1 1 0 1 1 1
G 169 n 1 G 1 1 1 1 0 1 1 0 1 1 1
G 170 1 1 X n 1 0 0 1 1 1 0 1 1 1 0 0 1 1
G171 1 1 1 n 1 1 1 1 1 0 G 1 1 1 1 1 1 1
G 172 0 0 G n 1 1 1 1 0 1 1 1 1 1 1 1 0
G 173 0 n G n 1 2 2 1 1 0 1 1 1 1 1 1 G
G174 0 0 G n 1 2 2 1 1 G 1 1 1 1 1 1 1 0
G175 0 n 1 n 1 G G 1 1 1 0 1 1 1 0 G 0 0
G176 0 0 1 n 1 0 G 1 1 1 0 1 1 1 0 0 0 0
G 177 0 0 1 n 1 G G 1 1 1 0 1 1 1 0 0 0 0
G178 0 0 1 n 1 0 G 1 1 X 0 1 1 1 0 0 0 1
G179 1 2 1 n 1 G G 1 1 1 1 1 1 0 G 1 1
G 180 0 0 1 n 1 G G 1 1 1 G 1 1 1 0 0 0 1
G 181 1 1 1 1 1 0 G 1 1 1 1 1 2 1 1 1 1
G182 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
G183 0 0 G7 n 1 1 2 1 1 1 G 1 0 1 2 2 2 0
G 184 G 0 G n 1 G 1 1 1 1 0 1 G 1 2 2 2 0
G 185 0 0 G n 1 1 2 1 1 1 G 1 G 1 2 2 2 0
G186 0 G G n 1 2 2 1 1 0 1 0 2 2 2 0
G 187 0 n G n 1 1 1 1 1 0 1 0 1 2 2 2 1
G188 0 0 G n 1 2 2 1 1 1 G 1 0 1 2 2 2 1
G 189 0 0 G n 1 G 1 0 1 1 1 1 1 1 0
G 190 0 0 G 0 1 1 1 G 1 G 1 2 2 2 1
G 191 0 n G n 1 G G 1 1 1 0 1 G 1 0 0 0 1
G 192 0 0 G n 1 1 1 1 1 1 0 1 0 2 2 2 2
G193 0 0 G n 1 1 1 1 1 0 1 0 1 2 2 2 0
G 194 .0 0 0 0 1 1 1 1 1 1 0 1 0 1 2 2 2 0
G 195 0 0 G n 1 G G 1 1 1 0 1 0 1 2 2 2 G
G 196 0 0 G 0 1 1 X 1 0 0 1 2 0 2 2 2 2
G 197 0 0 G n 1 1 1 0 G 1 0 1 2 G 2 2 2 2
G 198 0 0 G n 1 1 2 G 0 1 0 1 2 0 2 2 2 1
G199 0 0 0 n 1 1 1 0 0 1 0 1 2 0 2 2 2 2
G 200 0 0 0 0 1 1 1 0 0 1 0 1 2 0 2 2 2 2
G 201 0 0 X n G 1 1 1 1 1 0 1 2 G G 1 2 2
G 202 • 0 0 0 1 1 2 2 G 0 G 0 1 2 0 2 2 2 2



TABLE I. (continued). 233

Strain
No.

Character Nos.

7 7 7 7 7 7 7 8 8 8 8 8 8 8 8 8 8
3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

G 160 2 2 0 1 1 0 1 n 1 1 1 0 1 0 1 1 1
G 161 2 2 1 1 1 0 1 1 1 1 G 0 1 0 1 1 1
G 162 2 2 1 0 0 1 0 1 1 1 0 G 0 1 1 1
G 163 2 2 1 1 0 0 1 0 1 1 1 0 G 0 1 1 1
G 164 2 2 1 1 0 0 1 0 1 1 1 0 G 0 2
G 165 1 2 1 0 0 0 0 G 0 G 0 1 1 1
G 166 2 2 1 1 1 0 G G 1 1 1 G 1 0 1 1 1
G 167 2 2 1 1 1 0 G 0 1 1 1 0 1 0 G 1 1
G 168 1 1 1 0 0 0 G 0 1 1 1 G 1 0 2
G 169 0 0 1 n 1 0 1 0 G 1 1 0 G 0 1 1 1
G 170 1 1 1 1 0 G 0 1 0 G 0 1 0 1 1 1
G 171 1 2 G 1 1 0 G 0 G 0 1 0 1 0 1 1 1
G 172 0 1 0 0 0 0 G G 1 0 0 0 G 1 2 2 2
G 173 n 1 0 0 0 0 G 0 1 0 G 0 G 1 2 2 2
G 174 1 1 0 0 0 0 G 0 1 0 G 0 G 1 2 2 2
G 175 1 2 1 1 ü 1 G 0 1 0 0 G 1 0 1 1 1
G 176 1 1 1 1 1 0 G 0 1 0 X 0 1 0 1 1 1
G 177 1 1 1 1 0 1 G 0 1 1 1 0 1 0 1 1 1
G 178 2 2 1 1 0 1 G 0 1 0 1 0 1 0 1 1 1
G 179 2 2 1 1 1 0 G 0 0 0 0 0 1 0 1 1 1
G 180 1 2 1 1 0 1 G 0 1 G G 0 1 n 1 1 1
G 181 1 1 1 0 1 0 G n 1 0 G 0 1 1 1 1 1
G 182 1 2 1 1 1 0 G 0 1 n 0 0 1 0 1
G 183 2 2 0 1 0 1 0 0 G 0 0 0 G 0 1 1
G 184 1 2 0 0 0 1 G G G G 0 0 G 0 1 1 1
G 185 1 2 0 1 0 1 G n G 0 G 0 0 0 1 1 1
G 186 1 2 0 1 0 1 G n 1 0 G 0 G 1 1 1 1
G 187 1 2 0 'n 0 1 G 0 1 G 0 0 G 1 1 1 1
G 188 1 2 0 n 0 1 G 0 G G 0 G G 0 1 1
G 189 0 0 0 n 0 0 1 0 1 1 1 0 G n 1 1 1
G 190 1 2 0 1 0 1 0 G 0 0 G 0 G 1 1 1 1
G 191 1 2 0 1 0 0 1 0 1 1 1 0 G 0 1
G 192 1 2 0 1 0 1 G G 1 0 G G G 1 1 1
G 193 1 2 0 n 0 1 G 0 1 0 0 0 0 1 1 1 1
G 194 1 2 0 0 0 1 G 0 1 0 0 0 0 1 1 1 1
G 195 1 2 0 1 G 1 G 0 1 0 0 0 G 1 1 1 1
G 196 2 2 0 1 0 1 X 0 . G 0 G 0 G 0
G 197 2 2 0 n 0 1 X 0 G 0 0 0 G 0 1 1 1
G 198 2 2 0 0 G 1 X 0 G G 0 G 0 0
G 199 2 2 0 n G 1 X 0 G 0 G 0 0 0 1 1 1
G 200 2 2 0 n G 1 1 0 0 G G 0 G 0
G 201 2 2 0 n G 1 1 0 G 1 1 0 G 1 1 1 1
G 202 2 2 0 0 1 G 1 G 1 0 G G 0 1 2 1 2

9
0

J



TABLE I. (continued), 234

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1
9 9 9 9 9 9 9 9 9 0 0 0 0 0 0 0 0 0

1 1 2 a 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8
G 160 ' 1 1 1 X 1 1 1 n 1 1 G 1 1 0 G 1 2 0
G 161 1 1 1 n 1 1 G 0 1 0 0 1 1 0 1 0 0 0
G 162 ! 1 1 1 X 1 1 G 0 1 0 G 1 0 n G n G 2
G 163 ; 1 1 n 1 1 G 0 1 0 G 1 0 n G 1 G 2
G164 1 1 X 1 1 1 G 0 0 0 1 1 G G 1 0 G
G 165 1 1 1 n 1 1 G 0 G G G 1 0 0 G G 0 0
G 166 1 1 1 1 1 1 1 0 1 1 0 0 0 0 0 0 0 1
G 167 1 0 1 X 1 0 1 0 1 G G G 0 0 1 0 0 0
G 168 2 X 2 1 0 G 0 G 1 G 0 0 0 G G
G 169 1 1 1 n 1 1 1 0 1 G G 1 G 0 0 1 G 0
G 170 1 1 1 1 1 1 1 n 1 1 G 0 G 0 G 1 0 G
G171 1 1 1 1 1 1 1 n 0 G 0 G 0 0 G 1 0 2
G 172 1 2 1 0 2 2 G n G 0 G G 0 0 1 G G
G 173 1 2 1 n 2 2 0 G G 0 0 0 G 0 G 1 0 0
G174 1 2 1 n 2 2 G G 0 0 G 0 G 0 G 1 G G
G175 1 1 1 X 1 1 1 G G G G 0 1 0 G 0 0
G176 1 1 1 X 1 1 1 0 1 G G 0 0 n G 1 G G
G 177 1 1 1 X 1 1 1 0 1 1 G G G 0 G 1 0 0
G 178 1 1 1 0 1 1 1 0 1 1 G G 0 0 G 1 0 0
G 179 1 1 1 1 1 1 1 n G 0 G 1 0 0 G G 0
G180 1 1 1 1 1 1 1 G G 1 G 0 1 n 0 1 0 0
G181 1 1 1 n 1 1 1 n 0 G 0 1 0 0 0 G 0
G182 2 1 X 2 2 G 1 1 1 n 1 G G 0 0
G 183 1 1 1 1 0 1 0 G G 0 0 0 G 0 0 1 ü 0
G 184 1 1 1 n G 1 1 0 G G G n 0 0 0 1 G 0
G185 1 1 1 1 0 1 1 G 0 G G 0 G 0 G 1 0 0
G186 1 1 1 0 G 1 1 G 0 G G 0 0 0 G 1 0 0
G 187 1 1 1 n G 1 1 G 0 G 0 0 G n 0 1 0 0
G 188 : 1 1 n G 1 1 G G 0 G 0 0 0 G 1 G 0
G 189 i 1 1 1 n 1 1 G G G G G 0 1 0 0 1 G 0
G 190 ; 1 1 1 1 G 1 0 G 0 0 G 0 G 0 0 1 G 0
G 191 ' 2 0 2 G 1 1 0 G 0 0 0 0 1 1 G
G192 1 1 1 n G 1 1 0 G 0 G 0 0 0 0 1 0 0
G 193 ' 1 1 1 0 G 1 1 0 G 0 G n G 0 G 1 0 G
G 194 ; 1 1 1 0 G 1 1 G G G G G G 0 0 1 0 0
G 195 1 1 1 n G 1 2 G 1 0 0 0 G 0 0 1 G 0
G 196 2 2 1 1 G G G G G 1 1 0 G 1 2 0
G197 1 1 1 n 1 1 G 0 G G G 1 1 n 0 1 0 0
G 198 2 •1 1 1 G 0 1 0 0 1 1 0 0 1 2 G
G 199 1 1 1 n 1 1 G G 1 G 0 1 1 0 0 1 2 G
G 200 ' 1 2 0 G 0 0 G 1 1 0 0 1 2 G
G 201 1 1 1 1 1 1 1 G G 1 G 1 1 G 0 1 G 0
G 202 1 1 1 1 1 1 1 G 0 G G 1 1 0 0 X G 0



TABLE I. (continued). 235

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6

G 160 0 n 2 n 2 0 2 0 2 2 0 2 2 G 2 2 2 2
G 161 0 0 0 0 2 0 G G 2 G 2 2 0 0 2 G 0 2
G 162 0 0 G n G 0 G 0 G 0 0 0 0 0 2 0 0 0
G 163 0 n 0 n 1 0 2 0 2 G 1 2 G 0 G 2 G 0
G164 0 0 2 n 2 0 G 2 2 0 0 G 2 0 0 0 2 1
G 165 0 2 2 n 2 0 2 0 0 0 G G 2 0 G 0 2 2
G166 0 0 0 n 0 0 G 0 0 G 0 G 0 0 2 0 0 0
G 167 0 1 0 n G G 2 0 G G 0 2 G G 0 0 G 0
G 168 0 1 G n G G G G ^̂ 0 G 0 G 0 G 0 0 0 0
G 169 0 2 2 2 2 0 2 2 0 2 2 2 2 G 2 2 2 2
G 170 0 0 G n G 0 G 0 0 G 0 0 0 G 0 0 0 0
G 171 0 0 G n G 0 G 0 0 2 G 0 2 G 2 0 2 0
G 172 G 0 G n 0 G 0 G 0 2 G G 2 0 2 0 2 0
G 173 0 1 G n G G G 0 G 2 0 0 2 0 2 G 2 G
G 174 0 G G n . 0 0 G 0 G 2 G 0 2 n 2 0 2 0
G 175 0 0 G n G 0 G G 2 2 0 0 2 0 2 0 2 G
G 176 0 2 G n G 1 G 2 2 2 G 2 2 G 2 0 2 0
G 177 0 2 G n 0 0 G 2 2 2 0 2 2 G 2 0 2 0
G 178 0 2 G n G 0 G 2 2 2 0 2 2 G 2 0 2 0
G179 G 0 G n 0 G G G 0 G G 0 0 0 0 0 0 0
G 180 0 2 0 G G G G G 0 2 0 2 2 0 2 0 2 G
G181 0 0 0 n G G G G 0 G G 0 G G 2 0 G G
G182 0 0 G n 0 G G 0 G G G 0 0 G 0 0 G 0
G 183 0 2 -  .0 n 0 0 G- G 0 1 G 2 G 0 2 0 0 2
G 184 0 2 G n G G G 0 0 1 G 2 G 0 2 0 0 2
G185 n 2 G n G G 0 G G 2 0 2 2 0 2 n 0 . 0
G186 0 2 0 n G 0 G 0 0 I 0 2 2 G 2 0 G 1
G 187 0 2 G n G 0 0 0 0 1 G 2 0 0 2 0 0 1
G 188 0 2 G G ü 0 G G 0 1 0 2 G 0 2 0 0 1
G189 0 2 G 2 2 0 G 2 G 2 0 2 2 2 2 2 2 0
G190 0 2 0 G 0 0 G 0 G 2 0 2 2 G 2 2 2 2
G191 0 2 2 1 2 0 0 G 2 2 2 G 0 G 2 0 2 2
G192 G 2 G G G G 0 0 0 1 0 2 0 0 2 0 0 2
G 193 0 2 G G G G G 0 0 2 G 2 0 0 2 0 0 2
G 194 0 2 0 0 0 Q 0 G G 1 G 2 0 G 2 0 0 2
G 195 0 2 G G G G G 0 G I Q 2 0 0 2 0 2 2
G196 G 2 1 1 2 0 G G 0 2 Q 2 2 0 2 2 2 2
G197 0 2 1 1 1 0 0 0 0 2 0 2 2 0 2 0 2 2
G198 0 2 1 1 1 0 G 0 0 2 0 2 2 0 2 2 2 2
G199 0 2 ■ 1 1 1 0 0 0 0 2 G 2 2 0 2 2 2 2
G 200 0 2 2 1 1 0 G 0 0 2 0 2 2 G 2 2 2 2
G 201 G 0 2 2 2 2 0 0 0 2 0 0 2 0 2 0 2 2
G 202 0 0 Q 2 2 0 0 2 2 2 0 G 2 G 2 0 2 2



TABLE I. (continued), 236

Strain
No.

Character Nos.

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 2 2 3 3 3 3 3 3 3 3 3 3 4 4 4
7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2

G 160 0 2 1 0 0 0 G 0 G 0 G 1 G 0 G 1 G
G 161 0 0 1 1 0 0 G 0 G n G G G 0 G 0 G
G 162 0 n 1 n 0 0 0 0 G 0 0 0 G 0 G 0 0
G 163 0 0 1 0 0 G 0 G n G 0 G 0 G 0 G
G 164 0 0 0 0 1 1 0 G 0 G 0 G 0 G n 0
G 165 0 2 n 0 0 G 0 G 0 0 0 G 0 G 0 G
G 166 0 0 1 1 G 0 G 0 G 0 G G G 0 1 0 G
G 167 0 0 1 1 1 0 0 1 G 0 0 G G 0 G 0 G
G 168 0 0 n 0 0 G 0 G 9 G 0 G 0 G G G
G 169 0 2 1 n 0 0 G 0 0 0 G G G 9 G G G
G 170 0 0 1 n 0 0 G 0 0 1 G 0 G 1 G 0 G
G 171 0 n 1 n 0 G 0 0 0 1 G 0 G 0 G 0 G
G 172 0 0 1 n 0 0 0 0 G 0 0 0 G 0 G 2 G
G 173 0 0 1 n 0 0 0 0 0 0 G 0 G 0 G 2 G
G 174 0 0 1 n 0 0 G 0 G 0 G G G 0 G 2 G
G 175 2 0 1 1 1 0 0 1 G 2 G 2 2 1 2 2 0
G 176 2 n 1 1 0 G G 1 0 n 1 1 G 0 G G G
G 177 0 0 1 1 1 0 0 1 G 0 2 1 1 0 G 2 G
G 178 1 0 1 1 1 0 G 1 G 0 G G 1 0 G 2 G
G 179 0 0 n ü 0 G 0 G 0 G 0 G 0 G 0 0
G 180 0 G 1 1 1 0 G 0 0 9 G 0 0 9 G 1 G
G 181 0 n n 0 0 G n G 9 G 0 G 9 G 0 0
G 182 0 0 1 0 0 G 0 G 0 G 0 G 0 G 1 G
G 183 0 0 1 n Q Q 0 0 ü 9 0 0 G 0 G 1 G
G 184 0 n 1 n 0 0 G 0 G 0 G 0 G 0 G 2 G
G 185 Q 0 1 n 0 0 0 G G 0 0 0 G G G 2 0
G 186 0 0 1 n 0 0 0 0 G 0 G 1 0 0 1 2 G
G 187 0 0 1 n 0 0 0 0 G 0 G 0 G 0 G 2 G
G 188 0 0 1 n 0 G G 0 0 0 G 0 G 0 G 2 0
G 189 1 2 1 1 1 G 0 n 0 0 0 0 G 0 2 0 G
G 190 0 0 1 n 0 0 0 0 G 0 G 0 G 0 0 2 0
G 191 1 0 1 0 0 0 G • n 0 0 G 0 G 0 0 2 0
G 192 0 0 1 n 0 G G 0 G 0 0 0 G G 0 2 G
G 193 0 0 1 0 0 0 G n G 0 G 0 0 G G 2 G
G 194 0 0 1 0 0 0 G 0 G n 0 0 G 0 G 2 0
G 195 0 0 1 n 0 0 G 0 G 0 0 0 G 0 1 2 G
G 196. 0 1 1 n 0 0 0 G G 9 G 0 G 0 0 2 0
G 197 1 1 1 n 0 0 0 n 0 9 G 0 G 0 G 2 0
G 198 1 1 1 n 0 0 G 0 G 0 G 1 G G G 2 G
G 199 1 1 1 n G 0 G 0 G 9 G 0 G 0 G 2 0
G 200 1 1 1 n G 0 G G G G G 0 0 0 G 2 0
G 201 . 0 0 0 0 G 0 0 0 G 0 G G G 0 G 0 0
G 202 0 0 1 0 G 0 G 0 G 0 . G G G 0 G 0 0
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