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| NTRODUCTI ON

Wth finite popul ation size conmes genetic drift --- random change in
to random sanpling of ganetes to formthe next generation. Even whe
sel ection, genetic drift is still potentially inportant in that favc

| ost froma population due to drift. A direct consequence of drift ic
in the response to selection, even anong initially identical replica
sel ection. Under |long-termselection, nutation introduces additiona

response by introducing different nutations in different |ines.

A SI MPLE EXAMPLE

Consi der a cross between two inbred lines, the first fixed for favor
two loci and the second fixed for favorable alleles at two different
resulting cross is AABBccdd X aabbCCDD. Al F1 individuals are AaBb
favorable alleles at each of the four loci. Genetically identical R

replicate lines that are then subjected to identical selection.



| f selection is weak on a favorable allele (as would occur if the alli
effect on inproving the trait of interest), the probability that the
Hence, when considering the A locus, 50%of the lines will eventual
ot her 50% w Il be aa. The probability that a line will eventually k
alleles at all loci (AABBCCDD) is (1/2)4 =0.0625. The probabilities

favorable alleles at only three, two, or one loci are |ikew se found

0.25. One thus expects considerable genetic variation between |[ines
differences in the nean performance of the replicate |ines. Thi s va
occur even though the initial lines were conpletely identical and su

selection. (Qbviously, slight variations between the genetic conposit
and/or variation in the nature of selection on the lines will genera

i ne performance.

A final point is that l|ines identical in performance may in reality
alleles. For exanple, two lines each fixed for two favorable allele
be genetically very different, for exanple AABBcccc and aabbCCDD. O
fixed lines and selecting allows for the possibility of recovering a |
favorable alleles. Thus the anount of genetic variance between fixed
considerable inportant in breeding. |f the between-line genetic vari
lines followed by a second round of selection can result in further i
best performng lines. Simlarly, if the variance is low, there is |

crossing and further sel ection.

VARI ANCE | N LI NE MEANS UNDER PURE DRI FT

The expected variation in the neans of |ines experiencing only drif

starting point for exam ning the expected variance in response under



particular, if atrait is determned by a | arge nunber of loci each o
selection is weak on each), the allelic frequency dynam cs are often
expected under drift than to those for selection. Consider one | ocus
and g, and suppose (relative to the nean trait value) that the genot
contribute values of 2a : a(l+h) : 0 to the trait of interest. I n
absence of nutation, eventually either allele Qor q is fixed. Unde
probability Uthat allele Qis fixed is just equal to its initial fre
l1-p is the probability that allele g is fixed instead. Since ultinat
either QQ or qq, the expected contribution fromthis |ocus becones

E[ R] =2ap+0* (1-p) = 2ap (1a)

For exanple, if QQindividuals are, on average, 4 cmtaller than qq i
4, and if (say) the initial frequency of allele Q is p = 0.75, tt
this locus is 2a p =3 cm Recalling that we can wite the variance
E(x2) - p2, where pis the mean value and E(x2) the average val ue of -
vari abl e, the variance about the expected contribution becones

Var(R) = (2a)2p + 02 (1-p) - RZ = 4a2p(1-p) (1b)

If the alleles show no domnance ( h = 0 so that the value of Q is ¢
QQ and qq), the additive genetic variance VA contributed by the | ocus
and hence the variance in response is just twice the additive varianc
phenot ypi ¢ covariance between a parent and its offspring is vVa/2 (1,
could estinmate the expected variance in response under strict drift 1
of f spring covari ance. When dom nance or epsistasis is present, th

bet ween addi tive variance and variance in response no | onger hol ds.

VARI ANCE | N RESPONSE UNDER DRI FT AND SELECTI ON



When sel ection occurs, the above expressions for the expected nean a
response still hold, provide we replace p by U, the probability of f
sel ection. Substituting Ufor p in the above expressions gives

E[ R] =2aU+0 (1-U = 2 a U 2a)
and

Var(R) = (2a)2 U+ 02 ( 1-U) - RZ2 = 4 af2b)(1-V)

Figure 1 plots the variance in response as a function of U  Note the
its maxi mum val ue (a2) at U=1/2. Note fromthe figure that a mld

may actually increase the variance in response relative to that undel
favored by selection, its probability of fixation is greater than ut
>p. If Uis closer to 1/2 than is p, this results in an increased v
1). For exanple, if p = 0.1, then under drift Var(R) =4 a2 p(1-p) =
sel ection increases the probability of Q being fixed to U = 0.4, ther
sel ection on Q becones stronger, the variance in response becones si
that under drift al one. Conceptually, this nake sense in that if s¢
that nost favorable alleles are fixed, then there will be little var

lines in the alleles that are fixed. Consequently when there is strc

underlying loci, there is little to be gained by crossing and resel ec

COWPUTI NG U, THE PROBABI LI TY OF FI XATI ON UNDER DRI FT AND
SELECTI ON



To obtain the probability U of fixation of allele Q we need an expt
to fitnesses on genotypes and an expression relating how sel ection or
translates into fitnesses at the underlying |oci. Suppose the fitn

val ues are

Gent ot ype Q Q qq
Fi t ness 1 + 2s 1+ s 1
Character valuel + 2a 1 + a 1

For these fitnesses, Kinura (3) showed that if Q starts at frequenc

fixation is

U=1T[1- Exp(-4Nsp) ] / [1- Exp(-4Ns) ] (3)

where N is the population size and Exp(x) is the exponential functior

U=p, and the allele behaves as if it is neutral.

It remains to obtain s as a function of the selection on the trait a
i ndividual alleles. For a locus underlying a trait under selection, t
coefficient s is approximtely

s= (a /0z) i (4)

Oz is the square root of phenotypic variance of the trait, and i the

the character (for exanple, if the upper 20, 10, or 5% of the popul ai
1.7, and 2.0). Details are given in Walsh and Lynch (4). Thus, U(p)
significantly fromp when 2N (1-p) (a /0z) i is significantly |arge.

popul ation (N), individual allelic effect (a /0z), and selection (i) c



allele is largely controlled by drift. Using Equation (3) and (4), t
a favorable allele will exceed 0.7 when

N[ i | p(Cl] al /0z) >0.5 (5
Thus if the product of initial allele frequency and standardi zed alle
small, many favorable alleles wll be |ost. Conversely, if Equatio
favorable alleles are fixed, and the resulting variance in response i
crosses between replicate lines are unlikely to generate significant

subsequent sel ecti on.

THE EFFECTS OF MJTATI ON

In addition to the variance introduced by drift, additional variatior
generated by mutati on. Let Vv denote the anmount of variation introc
generation by nutation. Under a pure drift nodel, the increase in be
fromdrift for Ilines separated for t generations approaches 2 t N W
substantial. Crosses between replicate |lines that have been separat e(
t hus show consi derabl e potential for additional response. Hill (5) €

di vergence when sel ection on the underlying loci is strong relative t

CONCLUSI ONS

Consi derabl e vari ati on between the performance of selected replicate
fromboth drift and nutation. |If selection on any underlying | ocus i
variation in response is expected. Crosses between such replicate lir
significant genetic variation for further selection. |If selectionis
| ocus, there is little between-line variation, and sel ection on cross

not expected to result in significant inprovenent.
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FI GURE CAPTI ON
Figure 1. The variance in response (in units of a2) as a function of

an allele is fixed.



