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The effect of biased conversion on the mutation load 
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Summary 

T h e m u t a t i o n l oad is sensi t ive t o c h a n g e s in t h e s e g r e g a t i o n r a t i o c a u s e d , for e x a m p l e , by b i a s e d 
c o n v e r s i o n . If t h e d i s t o r t i o n , m e a s u r e d by the force of c o n v e r s i o n , is g r e a t e r t h a n t h e loss o f fitness 
in t h e m u t a t i o n h e t e r o z y g o t e s , t h e n t h e m u t a t i o n l o a d will b e far a w a y f r o m i ts n o r m a l v a l u e . 
E x a m p l e s a r e given w h e r e a smal l pos i t i ve b i a s t o g e t h e r w i t h real is t ic fitness p a r a m e t e r s i nc rea se 
t h e m u t a t i o n l o a d by m o r e t h a n t w o o r d e r s o f m a g n i t u d e . 

I n p r ac t i ca l t e r m s th is impl ies t h a t g r e a t r e s t r i c t i ons s h o u l d b e p l aced o n t h e use o f s u b s t a n c e s 
a n d t r e a t m e n t s t h a t m a y i n d u c e m u t a t i o n s a s s o c i a t e d w i t h a pos i t ive c o n v e r s i o n b i a s . 

1. Introduction 

E v e r y n e w de l e t e r ious m u t a t i o n t h a t is i n d u c e d in a 
p o p u l a t i o n will be los t in a fu tu re g e n e r a t i o n , g iven 
t h a t t he p o p u l a t i o n size is l a rge e n o u g h t o p r e v e n t 
c h a n c e fixations. T h e m u t a t i o n l o a d o f a locus is t h e 
p r o p o r t i o n of genes t h a t is lost p e r g e n e r a t i o n d u e t o 
t h e d e l e t e r i o u s effect of m u t a t i o n ( H a l d a n e , 1937; 
M u l l e r , 1950). I t b e l o n g s t o e l e m e n t a r y p o p u l a t i o n 
gene t ics t o s h o w t h a t t he m u t a t i o n l o a d e q u a l s t h e 
m u t a t i o n r a t e t imes a c o n s t a n t w h i c h n o r m a l l y lies 
b e t w e e n o n e a n d t w o . F o r d o m i n a n t m u t a t i o n s t he 
coefficient is c lose t o t w o , whi le it a p p r o a c h e s o n e 
w h e n the m u t a t i o n s a r e s t r ic t ly recess ive a n d the re is 
n o i n b r e e d i n g in t he p o p u l a t i o n (see, e.g. C r o w & 
K i m u r a , 1970, p . 300) . 

T h e s e l o a d c a l c u l a t i o n s a r e b a s e d o n a p r e m i s e t h a t 
is ra re ly explici t ly d i scussed , n a m e l y t h a t t h e r e is 
M e n d e l i a n s eg rega t i on a t t he l ocus . T h i s a s s u m p t i o n 
m a y n o t be s t r ic t ly t r ue . D e t a i l e d s tud i e s in fungi h a v e 
s h o w n t h a t t he p r o c e s s of g e n e c o n v e r s i o n ac t s o n 
h e t e r o z y g o u s loci in me ios i s , c h a n g i n g h o m o l o g o u s 
al le les i n t o e a c h o t h e r a t a l o w b u t a p p r e c i a b l e 
f r equency . T h e p r o c e s s is of ten a s s o c i a t e d w i t h a b i a s , 
m a k i n g c o n v e r s i o n s f rom o n e al lele t o t he o t h e r m o r e 
c o m m o n t h a n the reverse p r o c e s s . T h e i m p o r t a n c e o f 
b i a sed c o n v e r s i o n f rom a p o p u l a t i o n gene t i ca l p o i n t 
o f v iew is t h a t t h e s eg rega t i on r a t i o a t h e t e r o z y g o u s 
loci b e c o m e s sl ightly d i s t o r t e d . T h e m a g n i t u d e o f t he 
d i s t o r t i o n h a s been ca l led t h e force of c o n v e r s i o n a n d 
is d e n o t e d by y ( L a m b & H e l m i , 1982). 

T h e force o f c o n v e r s i o n h a s been s h o w n t o d e p e n d 
o n the species inves t iga ted , t he gene t i c b a c k g r o u n d o f 
t he c r o s s , t he locus tes ted , t he e n v i r o n m e n t a l c o n 
d i t i o n , a n d - m o s t i m p o r t a n t l y - the m o l e c u l a r differ

ence b e t w e e n t h e t w o h o m o l o g o u s al le les . T h e b i a s is 
s t r o n g e r if t he al leles differ by a f r a m e shift m u t a t i o n 
t h a n by a b a s e p a i r s u b s t i t u t i o n . T h e c o n v e r s i o n b i a s 
is a l so n o r m a l l y d i r e c t e d aga ins t b a s e p a i r d e l e t i o n s 
whi le b a s e p a i r a d d i t i o n s a r e f a v o u r e d , a c c o r d i n g t o 
s tud ies in Sordaria a n d Ascobolus. B ias a p p e a r s in 
gene ra l t o b e w e a k e r in yeas t , b u t h a s r ecen t ly b e e n 
s h o w n to b e c o n s i d e r a b l e in c o n n e c t i o n w i t h i n s e r t i o n 
m u t a t i o n s ( N a g et al. 1989). All m e i o t i c o r g a n i s m s a r e 
p r e s u m e d to p r o d u c e c o n v e r s i o n s , b u t t h e de t a i l s o f 
t he p r o c e s s is u n k n o w n o u t s i d e t h e fungi . T h e a v a i l a b l e 
i n f o r m a t i o n a b o u t gene c o n v e r s i o n is r ev i ewed b y 
L a m b (1984, 1986). 

T h u s , in c e r t a i n o r g a n i s m s a n d pos s ib ly al l , s o m e 
d e l e t e r i o u s m u t a t i o n s a r e c o u n t e r a c t e d by the c o n 
ve r s ion p r o c e s s whi le o t h e r s are f a v o u r e d d u e t o t h e i r 
m o l e c u l a r r e l a t i o n s h i p t o the n o r m a l t y p e . T h e 
c o n v e r s i o n force is n u m e r i c a l l y s m a l l , w h i c h m a k e s it 
difficult t o s t u d y , b u t m a y well be o r d e r s of m a g n i t u d e 
g r e a t e r t h a n t h e m u t a t i o n ra te . A n u m b e r o f a u t h o r s 
h a v e inves t i ga t ed t h e effect h o m o l o g o u s g e n e c o n 
ve r s ion h a s o n al lele f requencies (see e.g. G u t z & 
Lesl ie , 1976 ; L a m b & H e l m i , 1982 ; N a g y l a k i , 1983 a, 
b; W a l s h , 1 9 8 3 ; L a m b , 1 9 8 5 ; Ben g t s s o n , 1985), b u t i ts 
p o t e n t i a l l y d r a m a t i c effect on t h e m u t a t i o n l o a d h a s , 
a s far a s I k n o w , yet g o n e u n n o t i c e d . T h e gene t i c l o a d 
d u e t o the b a l a n c e b e t w e e n seg rega t ion d i s t o r t i o n a n d 
se lec t ion h a s b e e n s t u d i e d before (see p p . 3 1 1 - 3 1 2 in 
C r o w & K i m u r a , 1970), b u t since these s tud i e s h a v e 
n o r m a l l y i g n o r e d t h e effect of m u t a t i o n , the i r r e su l t s 
a r e on ly o f p a r t i a l r e l evance here . 

I will t h e r e f o r e p r e s e n t s o m e n u m e r i c a l r e su l t s o n 
t he m u t a t i o n l o a d u n d e r b iased c o n v e r s i o n , p l u s 
desc r ibe a p p r o x i m a t i o n s of its m a g n i t u d e for c e r t a i n 
p a r a m e t e r c o m b i n a t i o n s . Different t ypes of d e l e t e r i o u s 
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m u t a t i o n s will b e c o n s i d e r e d s e p a r a t e l y t o m a k e t h e 
effect o f b i a s e d c o n v e r s i o n a s c l ea r a s p o s s i b l e , b u t 
b a c k m u t a t i o n s will b e a l l o w e d f r o m t h e d a m a g e d t o 
t h e n o r m a l a l le l ic s t a t e . A l l c o n v e r s i o n e v e n t s in t h e 
m o d e l a r e , o f c o u r s e , h o m o l o g o u s ; for a s t u d y o f t he 
m u t a t i o n l o a d o f a m u l t i g e n e f a m i l y w h e r e c o n v e r s i o n s 
o c c u r b e t w e e n loci , see t h e r e c e n t a r t i c l e b y O h t a 
( 1 9 8 9 ) . 

2 . M o d e l 

W e a s s u m e a l o c u s a t w h i c h d e l e t e r i o u s m u t a t i o n s 
o c c u r w i t h f r e q u e n c y u. M u t a n t a l le les r e v e r t t o t h e 
n o r m a l t y p e w i t h f r e q u e n c y v. M u t a n t h o m o z y g o t e s 
h a v e f i tness 1 — s, w h i l e h e t e r o z y g o t e s fo r m u t a t e d 
a l l e l e s h a v e f i tness 1 — hs. T h e f i tness o f n o r m a l 
h o m o z y g o t e s is 1. T h e g a m e t i c s e g r e g a t i o n in h e t e r o 
z y g o t e s is d i s t o r t e d , s o t h a t t h e r a t i o b e t w e e n g a m e t e s 
w i t h t h e n o r m a l a n d m u t a t e d al le les is 0 - 5 + y t o 
0 -5— y. T h e d e g r e e o f i n b r e e d i n g in t h e p o p u l a t i o n is 

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

S t r a i g h t f o r w a r d p o p u l a t i o n gene t i ca l a n a l y s i s 
s h o w s t h a t t h e f r e q u e n c y o f t h e m u t a n t a l le les will 
u n d e r t h e s e a s s u m p t i o n s e v o l v e t o t he v a l u e g iven b y 
t h e s m a l l e s t p o s i t i v e r o o t in q, q, of t h e t h i r d d e g r e e 
e q u a t i o n 

uW+q(\-q)(l-f)(l-hs)(l-2y)(l-u-v) 
+ (qf+q2(l-J))(l-s)(l-u-v)-qW=0, (la) 

w h e r e 

W= \-2q(\-q)(\-f)hs-(qf+q\\-f))s. 

T h e l o a d d u e t o m u t a t i o n , L, a t t h i s s t a b l e e q u i l i b r i u m 
is 

L = 2^ (1 —q)(l —f)hs + (qf+ q \ 1 -J)) s. (lb) 

T h e v a l u e s in t h e t a b l e s h a v e b e e n c a l c u l a t e d f rom 
t h e s e e x p r e s s i o n s u s i n g a n u m e r i c a l s o l u t i o n of (1 a). 
A l l r e s u l t s a r e g i v e n w i t h t h r e e o r m o r e s igni f icant 
d i g i t s . 

3 . Resu l t s 

T h e m u t a t i o n l o a d s a s s o c i a t e d wi th di f ferent p a r 
a m e t e r c o m b i n a t i o n s a r e l i s ted in T a b l e s 1-3 . T o give 
a s y s t e m a t i c d e s c r i p t i o n o f t h e r e su l t s , it is c o n v e n i e n t 
t o r e g a r d t h e a p p r o x i m a t i o n s t h a t c a n b e m a d e o f 
e x p r e s s i o n (1) a b o v e . If w e a s s u m e t h a t t h e e q u i l i b r i u m 
f r e q u e n c y o f t h e m u t a t e d a l le le is o f o r d e r IP o r 
s m a l l e r a n d t h e n d i s r e g a r d al l t e r m s o f size w, t h e 
f o l l o w i n g s impl i f ied f o r m o f (la) is o b t a i n e d : 

q2((l-f)(I -s) +2(1-f)hs+fs-(I -f)(l-hs) 
x(\-2y)) 

+ q((l-f)(l-hs)(l-2y)+f(l-s)-l) + u = 0. (2) 

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

d e p e n d i n g o n t h e r e l a t i o n s h i p b e t w e e n t h e p a r a m e t e r s . 
F o u r cases will be c o n s i d e r e d . 

1. W h e n h o r / is c o n s i d e r a b l e , t h e e q u i l i b r i u m 
f requency of t h e m u t a t e d allele will be very smal l . T h e 
first t e rm in e x p r e s s i o n (2) c a n t h e n b e d i s r e g a r d e d 
a n d the e q u i l i b r i u m f requency be wr i t t en a s 

q = u/(s(( 1 —f) h +f) + 2y(l —/) (1 — hs)). (3 a) 

W i t h th is a p p r o x i m a t i o n the l oad b e c o m e s 

L = us(2(l-f)h+f)/(s((l-f) 
h+J) + 2y(l-f)(l-hs)). (3b) 

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

L = 2us/(s + 2y(l-s)). (3 c) 

This a p p r o x i m a t i o n fits t he en t r i e s in T a b l e 1 ve ry 
wel l . T h e resu l t imp l i e s t h a t t he m u t a t i o n l o a d o f 
d o m i n a n t m u t a t i o n s is unaffec ted by a p e r t u r b a t i o n o f 
t h e s eg rega t ion r a t i o , as l o n g as t he p e r t u r b a t i o n is 
smal l c o m p a r e d t o t h e se lec t ion va lue . 

2 . F o r recess ive m u t a t i o n s in very l a rge r a n d o m 
m a t i n g p o p u l a t i o n s (h a n d / very c lose t o 0) a n d for 
s eg rega t ion d i s t o r t i o n smal l c o m p a r e d t o t he m u t a t i o n 
r a t e , the fo l lowing s t a n d a r d a p p r o x i m a t i o n h o l d s 

q = (u/sf. (4 a ) 

F o r such recess ive m u t a t i o n s t h e l o a d is 

L = u. (4b) 

3. T h e s i t u a t i o n t h a t r e m a i n s t o be c o n s i d e r e d is 
w h e n h a n d / a r e smal l a n d y n o t ins ignif icant . T h i s 
s i t ua t i on will b e spl i t i n t o t w o cases d e p e n d i n g o n 
w h e t h e r t h e b i a s g o e s in f a v o u r o f t he n o r m a l al lele 
(y > 0) o r t he m u t a t e d allele (y < 0) . If t he b i a s 
f avour s t h e n o r m a l allele, t h e n the e q u i l i b r i u m 
f requency will b e c lose t o 

q = u/2y, (5 a) 

a n d the m u t a t i o n l o a d c a n b e a p p r o x i m a t e d by 

L = su2/4y2. (5 b) 

T h i s a p p r o x i m a t i o n h o l d s r e a s o n a b l y well in T a b l e 2 
w h e n the s e g r e g a t i o n d i s t o r t i o n is g r e a t e r t h a n 0 0 0 0 1 . 
W h e n 5 = 0 0 1 it h o l d s a l so for y = 0-0001. T h e 
a p p r o x i m a t i o n tells u s t h a t w h e n the c o n v e r s i o n 
p rocess f a v o u r s t he n o r m a l allele a n d the s q u a r e o f t h e 
s eg rega t i on d i s t o r t i o n is m u c h g r e a t e r t h a n t h e 
m u t a t i o n r a t e , t h e n t h e m u t a t i o n l o a d will b e 
c o n s i d e r a b l y s m a l l e r t h a n expec t ed . 

4 . W h e n h a n d / a r e smal l a n d the s e g r e g a t i o n 
d i s t o r t i o n f a v o u r s t h e m u t a n t alleles (y < 0) , t h e 
m u t a t i o n r a t e u c a n be i g n o r e d in exp re s s ion (2). T h e n 
t h e e q u i l i b r i u m f r e q u e n c y b e c o m e s 

<? = -2y/(s-2y) 

a n d the l o a d 

L = 4sy2/(s -2yf. 

(6 a) 

(6 b) 
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T a b l e 1. The effect of biased conversion on the 
mutation load. The table gives the load divided by the 
mutation rate for dominant mutations with different 
selection values. The following assumptions hold 
throughout the table: u = 10~6, v = 0, h = 1, f = 0. 
With no bias (y = 0) the value is 2-00 

y s= 100 5 = 0 1 0 s = 0 0 1 

001 2 0 0 1-69 0-671 
0001 2 0 0 1 96 1-67 
00001 2 0 0 2 0 0 1 96 

- 0 0 0 0 1 2 0 0 2 0 0 2 0 4 
- 0 0 0 1 2 0 0 2 0 4 2-49 
- 0 0 1 2-00 2-44 — a 

" N o load estimate has been calculated since the mutant 
frequency is very high for this parameter combination 

T a b l e 2. 77ie effect of biased conversion on the 
mutation load. The table gives the load divided by the 
mutation rate for recessive mutations with different 
selection values. The following assumptions hold 
throughout the table; u = 10~6, v = 0, h = 0, f= 0. 
With no bias (y = 0) the value is T000 

y s= 100 5 = 0 1 0 5 = 0 0 1 

001 2-49 x 10" 3 0-250 x 10- 3 25-0 x 10- 6 

0001 0 1 7 2 23-8 x 10" 3 2-49 x 10"3 

00001 0-819 0-537 0172 
- 0 0 0 0 1 1-22 1-86 5-83 
- 0 0 0 1 5-83 42-0 402 
- 0 0 1 402 4 0 0 x 10 3 a 

" N o load estimate has been calculated since the mutant 
frequency is very high for this parameter combination 

W i t h th is a p p r o x i m a t i o n t h e l o a d e s t i m a t e b e c o m e s 
i n d e p e n d e n t o f t he m u t a t i o n r a t e . I n s t e a d it is 
d e t e r m i n e d by t h e r a t i o b e t w e e n the s e g r e g a t i o n 
d i s t o r t i o n f a v o u r i n g t h e m u t a n t allele a n d the se lec t ion 
va lue a g a i n s t m u t a n t h o m o z y g o t e s . W h e n the l o a d is 
d iv ided by the m u t a t i o n r a t e , a va lue is o b t a i n e d t h a t 
m a y be o r d e r s of m a g n i t u d e g r e a t e r t h a n w h e n n o 
s eg rega t i on d i s t o r t i o n o c c u r s . T h i s s i t u a t i o n is r e l evan t 
for all cases in T a b l e 2 w h e r e t he s eg rega t i on d i s t o r t i o n 
is numer i ca l l y g r e a t e r t h a n — 0 0 0 0 1 . I t h o l d s a l so for 
th is va lue w h e n s = 0 0 1 . 

T h e last t w o cases s h o w t h a t b i a sed c o n v e r s i o n c a n 
h a v e a d r a s t i c effect o n t h e m u t a t i o n l o a d a t a l ocus . 
T h e i m p o r t a n t q u e s t i o n is t h e n in wh ich p a r a m e t e r 
r a n g e th is d r a s t i c effect c o m m e n c e s . Is it on ly for 
unrea l i s t ica l ly smal l va lue s of h a n d / t h a t the l o a d 
m o v e s d ras t i ca l ly a w a y f rom its n o r m a l r a n g e a r o u n d 
twice t he m u t a t i o n r a t e ? 

T o a n s w e r th i s q u e s t i o n , t he l oad h a s been 
ca l cu la t ed whi le t h e p a r a m e t e r s a r e c h a n g e d o n e by 
o n e a w a y f rom the fo l lowing p a r a m e t e r c o m b i n a t i o n : 
T h e bas ic m u t a t i o n r a t e is a s s u m e d t o be 10" 6 a n d the 
b a c k m u t a t i o n r a t e is t en t i m e s sma l l e r . T h e m u t a n t s 
a r e sl ightly d e l e t e r i o u s , w i th a se lec t ion va lue of 0 0 5 

T a b l e 3 . The load divided by the mutation rate for 
variations on the parameter combination: u = io-6, 
v = 10-7, s = 005, h = 0-10, y = ±0-005, f = 001 

Load divided by 
mutat ion rate when 

Parameter 
change y = 0005 y = - 0 0 0 5 

None 0-680 1649 
u = 10 0-679 16451 
u = 10" 5 0-680 169 
v = 10"8 0-680 1649 
v = 10"6 0-680 1648 
h = 0-05 0-424 1916 
h = 0 1 5 0-865 956 
h = 0-25 1115 813 
/ = 0001 0-670 1834 
/ = 0 0 5 0-718 831 
/ = 0 - l 0-758 23-3 

a g a i n s t t he h o m o z y g o t e s and a w e a k a m o u n t o f 
d o m i n a n c e (h = 0 1 0 ) . T h e p o p u l a t i o n h a s a smal l 
a m o u n t o f i n b r e e d i n g (f = 0 0 1 ) . T h e c o n v e r s i o n force 
is w e a k a n d f avou r s e i the r the n o r m a l (y = 0-005) o r 
t h e m u t a n t allele (y = - 0 - 0 0 5 ) . 

T h e s e p a r a m e t e r c o m b i n a t i o n s h a v e b e e n c h o s e n to 
d e s c r i b e t he m u t a t i o n s which a r e p r e s u m e d t o h a v e 
t h e la rges t effect o n t h e m u t a t i o n l o a d , n a m e l y w e a k l y 
d e l e t e r i o u s m u t a t i o n s w i t h some h e t e r o z y g o u s effect 
(see, e.g. C r o w & S i m m o n s , 1983) . T h e i n b r e e d i n g 
f ac to r is i nc luded t o asce r ta in t h a t t h e u n d e r l y i n g 
a s s u m p t i o n a b o u t a n infinite p o p u l a t i o n size d o e s n o t 
h a v e a n unrea l i s t i c effect o n the r e su l t s . T h e force o f 
c o n v e r s i o n h a s b e e n t a k e n from t h e e s t i m a t e s m a d e in 
fungi ( rev iewed by L a m b , 1984). 

W h e n the c o n v e r s i o n b i a s f avou r s t h e n o r m a l al lele 
(left c o l u m n in T a b l e 3) t h e effect o n t h e l o a d is c lea r 
b u t n o t d r a s t i c ; it is r e d u c e d to a b o u t a t h i r d o f t he 
va lue it w o u l d t a k e if there w e r e n o s e g r e g a t i o n 
d i s t o r t i o n (1-907). T h e l oad is very a c c u r a t e l y a p p r o x i 
m a t e d by exp res s ion (36 ) . N o n e o f t h e c h a n g e s in t he 
i nves t i ga t ed p a r a m e t e r s affect t he r e su l t d r a m a t i c a l l y . 

T h e s i t u a t i o n is wildly different w h e n t h e c o n v e r s i o n 
p r o c e s s f a v o u r s t he m u t a t e d alleles ( r igh t c o l u m n in 
T a b l e 3) . T h e l o a d is n o w m o r e t h a n 800 t i m e s g r e a t e r 
t h a n w h a t it w o u l d be if there w e r e n o s e g r e g a t i o n 
d i s t o r t i o n a t t he l o c u s ! T h e a p p r o x i m a t i o n g iven by 
( 6 6 ) w o r k s r e a s o n a b l y well, b u t u n d e r e s t i m a t e s 
c o n s t a n t l y t he effect of t h e b ias ( i ts e s t i m a t e o f t h e 
l o a d d iv ided by the m u t a t i o n r a t e is 1 3 8 9 ) . S m a l l 
c h a n g e s in the p a r a m e t e r s can h a v e d r a m a t i c effects, 
as seen f rom the T a b l e . Fo r th i s p a r a m e t e r c o m 
b i n a t i o n t he l o a d is o n l y weak ly affected b y the 
m u t a t i o n r a t e a s s h o w n b y a p p r o x i m a t i o n ( 6 6 ) . It is 
t he r e fo r e n o t su rp r i s i ng t h a t g r ea t f l u c t u a t i o n s o c c u r 
w h e n the l o a d is d iv ided b y m u t a t i o n r a t e s di f fer ing by 
o r d e r s o f m a g n i t u d e . M o r e i n t e r e s t i n g is t h e im
p o r t a n c e o f t he exac t d e g r e e of d o m i n a n c e a n d level o f 
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i n b r e e d i n g . F o r e x a m p l e , a c h a n g e in t h e d e g r e e o f 
d o m i n a n c e f r o m 2 5 t o 15 % g ives a m o r e t h a n 100-fold 
i n c r e a s e o f t h e l o a d . 

4 . D i s c u s s i o n 

I t is c l e a r f r o m t h e s e c a l c u l a t i o n s t h a t b i a s e d c o n 
v e r s i o n o f a m a g n i t u d e k n o w n t o exis t in c e r t a i n 
o r g a n i s m s c a n h a v e a v e r y d r a s t i c effect o n t h e 
m u t a t i o n l o a d . T h e w e a k e r a n d m o r e recess ive t h a t 
t h e m u t a t i o n s a r e , t h e m o r e affected is t h e m u t a t i o n 
l o a d . 

T h e r e s u l t s a r e b e s t u n d e r s t o o d if o n e c o n s i d e r s t h e 
e x p e c t e d life t i m e o f a n e w d e l e t e r i o u s m u t a t i o n . If t h e 
f i tness o f m u t a n t h e t e r o z y g o t e s is 1 — hs, t h e n a n e w 
m u t a t i o n is e x p e c t e d t o s t a y in the p o p u l a t i o n for 
(hs)'1 g e n e r a t i o n s ( o r l o n g e r if hs is ve ry s m a l l ) . T h e 
c h a n c e t h a t , d u r i n g a n y p a r t i c u l a r g e n e r a t i o n , it is 
i n v o l v e d in a c o n v e r s i o n e v e n t c o n t r i b u t i n g t o t h e b i a s 
is y. T h e r e f o r e , if (hs)'1 t i m e s y is s m a l l e r t h a n 1, t h e n 
m o s t m u t a t i o n s wil l b e l o s t b e f o r e they p a r t a k e in a n y 
c o n v e r s i o n e v e n t , a n d t h e r e wil l b e n o p a r t i c u l a r effect 
o f t h e c o n v e r s i o n p r o c e s s o n t h e m u t a t i o n l o a d . If, o n 
t h e o t h e r h a n d , t h e c o n v e r s i o n force is g r e a t e r t h a n 
t h e a v e r a g e f i tness loss o f t h e h e t e r o z y g o t e s , t h e n t h e 
l o a d is s t r o n g l y a f fec ted b y t h e c o n v e r s i o n p r o c e s s , 
p a r t i c u l a r l y if t h e b i a s f a v o u r s t h e m u t a n t t y p e . U n d e r 
t h i s c o n d i t i o n t h e c o n v e r s i o n p r o c e s s a c t s a s a 
m u t a t i o n - i n d u c i n g fo rce o r a r e p a i r m e c h a n i s m , 
d e p e n d i n g o n w h e t h e r t h e b i a s g o e s for o r a g a i n s t t h e 
m u t a t i o n . 

T h u s , if a n o r g a n i s m h a s evo lved a g e n e r a l b i a s 
a g a i n s t a c e r t a i n t y p e o f c o m m o n m u t a t i o n s it will 
suffer a s m a l l e r m u t a t i o n l o a d t h a n if t h e s e g r e g a t i o n 
w a s s t r i c t ly M e n d e l i a n . T h e a r g u m e n t a s s u m e s , 
h o w e v e r , t h a t t h e m o l e c u l a r l y o p p o s i t e t y p e o f 
m u t a t i o n is u n c o m m o n , s i nce o t h e r w i s e t he i n c r e a s e d 
l o a d for t h e s e c o n d k i n d o f m u t a t i o n s w o u l d o u t -
w e i g h t t h e g a i n f o r t h e first t y p e . In th i s j o u r n a l I 
s u g g e s t e d s o m e y e a r s a g o t h a t b i a sed c o n v e r s i o n h a s 
e v o l v e d t o o b t a i n s u c h a r e d u c t i o n in t h e m u t a t i o n 
l o a d ( B e n g t s s o n , 1985) . M o r e ca re fu l gene t i c a l m o d e l 
l i ng , s t u d y i n g g e n e t i c v a r i a t i o n a t a l o c u s m o d i f y i n g 
t h e c o n v e r s i o n p r o c e s s , h a s l a t e r s h o w n t h a t t h e log ic 
in t h e a r g u m e n t w a s c o r r e c t in i n d i c a t i n g in w h a t 
d i r e c t i o n c o n v e r s i o n b i a s will d e v e l o p . H o w e v e r , d u e 
t o g a m e t i c c o r r e l a t i o n s b e t w e e n the al le les a t t h e 
m o d i f i e r l o c u s a n d t h e se l ec ted locus , t h e p o p u l a t i o n 
wil l n o t e v o l v e t o a s t a t e w h e r e t h e m u t a t i o n l o a d for 
t h e s e l ec t ed l o c u s is a t i ts e x a c t m i n i m u m ( B e n g t s s o n 
& U y e n o y a m a , in t h e p r e s s ) . 

A s o f t e n o c c u r s in p o p u l a t i o n gene t i cs , t h e effect o f 
b i a s e d c o n v e r s i o n o n t h e m u t a t i o n l oad is d e t e r m i n e d 
b y a p r o d u c t o f t w o p a r a m e t e r s - o n e s m a l l , o n e l a rge , 
a n d b o t h difficult t o e s t i m a t e . I n t h e p r e s e n t c a se t he 
p r o d u c t is b e t w e e n t h e fo rce o f c o n v e r s i o n a s s o c i a t e d 
w i t h d e l e t e r i o u s m u t a t i o n s , y, a n d the inve r se o f t h e 
h e t e r o z y g o u s effects o f t h e s e m u t a t i o n s , (hs)'1. I t is 
k n o w n t h a t m o s t d e l e t e r i o u s m u t a t i o n s h a v e s o m e 

effects o n h e t e r o z y g o t e s , b u t t he m a g n i t u d e o f t he 
effect h a s been the s o u r c e o f o n e o f t he g rea tes t 
con t rove r s i e s in p o p u l a t i o n gene t ics . It s eems fair to 
c o n c l u d e t h a t m o s t n e w d e l e t e r i o u s m u t a t i o n s a r e 
a s soc ia t ed wi th a loss o f fitness in h e t e r o z y g o t e s 
smal ler t h a n 0 1 0 a n d poss ib ly 0 0 1 ; w h e t h e r it is 
smal le r t h a n 0 0 0 1 is u n c e r t a i n (see d i scuss ions in 
C r o w & S i m m o n s , 1 9 8 3 ; C h a r l e s w o r t h & C h a r l e s -
w o r t h , 1987 ; Sved & W i l t o n , 1989). 

T h e force o f c o n v e r s i o n , o n t he o t h e r h a n d , h a s 
h a r d l y been s t u d i e d a t all . I n d e e d , t he seg rega t ion 
r a t i o seems in gene ra l t o h a v e been g iven very little 
empi r i ca l a t t e n t i o n . T h i s is, of c o u r s e , p a r t l y d u e to 
t h e prac t ica l difficulties i nvo lved in e s t i m a t i n g a 
d i s t o r t i o n f rom M e n d e l i a n s e g r e g a t i o n . T o h a v e a 
r e a s o n a b l e c h a n c e t o s h o w s ta t i s t ica l ly t h a t t h e r e is a 
dev i a t i on of m a g n i t u d e y a w a y f rom the e x p e c t e d 1:1 
s eg rega t ion , a n o r d e r o f y~2 g a m e t e s m u s t be sco red 
w i t h o u t a n y misc lass i f ica t ions . T h e r e is a t p r e s e n t j u s t 
n o d a t a ava i l ab l e , b u t a n a v e r a g e va lue o f t he 
c o n v e r s i o n force b e t w e e n 0-01 a n d 0-001 for ce r t a in 
m o l e c u l a r classes o f n e w m u t a t i o n s is a perfect 
poss ib i l i ty , a l so in such well s t u d i e d genet ica l o r g a n 
i sms as Homo a n d Drosophila. 

W e c a n , t h u s , c o n c l u d e t h a t it is t o d a y imposs ib l e to 
k n o w if b i a sed c o n v e r s i o n p l ays a m a j o r ro le in 
d e t e r m i n i n g t h e m a g n i t u d e o f t h e m u t a t i o n load in 
o r g a n i s m s such as ou r se lves , b u t t h a t t he poss ibi l i ty 
m u s t be c o n s i d e r e d a n d fu r the r inves t iga t ed . 

I wou ld a lso l ike t o p o i n t o u t a fu r the r c o n c l u s i o n 
f r o m the p re sen t s t u d y . If t h e c o n v e r s i o n p r o c e s s in 
meio t i c o r g a n i s m s h a s evo lved s o t h a t it ca r r i e s a b ias 
aga ins t c e r t a i n c o m m o n types o f d e l e t e r i o u s m u t a 
t i ons , say base p a i r de l e t i ons , t h e n g r e a t r es t r i c t ions 
shou ld b e p l aced o n the use o f c h e m i c a l s a n d 
t r e a t m e n t s t h a t m a y i n d u c e n e w m u t a t i o n s of o p p o s i t e 
m o l e c u l a r k ind , i.e. b a s e - p a i r a d d i t i o n s . All m u t a g e n 
tes t ing a n d c o n t r o l h a s so far been b a s e d o n the s imple 
d i c t u m t h a t every d e l e t e r i o u s m u t a t i o n will s o o n e r o r 
l a t e r get lost f rom the p o p u l a t i o n a n d t h a t the 
m o l e c u l a r n a t u r e o f t he m u t a t i o n d o e s n o t m a t t e r . 
T h e ca l cu l a t i ons p r e s e n t e d h e r e (see, e.g. T a b l e 3) 
s h o w t h a t this m a y be to t a l ly m i s l e a d i n g . M u t a t i o n s 
a s soc ia t ed wi th a w e a k pos i t i ve b i a s m a y p r o d u c e a 
ve ry high m u t a t i o n l o a d , even t h o u g h the ' p a y m e n t ' 
o f the m u t a t i o n l o a d is de fe r r ed t o l a t e r g e n e r a t i o n s . 
F r o m th i s p rac t i ca l p o i n t o f v iew, it is u r g e n t t h a t 
m u c h m o r e i n f o r m a t i o n is co l l ec ted a b o u t t he c o n 
vers ion force a s soc i a t ed w i t h different types of 
m u t a t i o n s in v a r i o u s o r g a n i s m s . 
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