
Medical practice has genetic effect8 of several kinds, I@ dem%asing 

the severity of hereditary disease, it alltma the responsible genes tc increase 

in frequency. Through genetic counseling, it increases or decreases t&e 

frequencies of som gem30 Through diagnostic and therapeutic radiation, 

and possibly aroma forms of chemotherapy, it induces mutatioas. 

There is general agreement among human geneticists that, in our present 

state of comparative ignorance, genetic counseling Ethould not be dominated 

by consideration of long-term effects on the population, Rmever, physicilaes 

and othercounse~r88hou~ be familiarwithtbs probable effectsofin- 

creased or relaxed selection againstan hereditary disease. 

Xnell came, a stable equilibritmisreached uhen the rmmkerof gensrr 

eliminated by death or reproductive failure equals the number arising b 

mutation, For a rare dominant, this will hppen when the fkequency of the 

disease equals twice the ratio of the mutation rate-to the selective disad- 

vantage (The factor of 2 enters because either homologous chromosom nay carry 

the mutant). Thus a disease dependent on a dorr&nant gene with a mutation 

rate of 1 per 100,000 genes per generation and a net fertility of 90% of 
of -5 normal has a frequency 2(10 /,l), or 2 per 10,000 persons0 We see tbtr 

1, If the mutation rate were permanently doubled, the disease 

would become twice aa frequent, approachirlg: tM8 equilibrium in a few genera- 

tion& 

2, If the net fertiliw were increased to 95% of normal, the 

disease would become &ice as frequent, 

3e If the net fertility were reduced to mro by abstention from 

reproduction, the fkequency would be reduced to twice the mutation rate, or 

2perlOO,OOOpersons, 



ti* The more harmful th3 gmX?9 the less effective increased selection 

uould be, because a larger proportion of cases would be due to J‘reskn rm\~l;kcm. 

A disease due to a rare sex-linked gene responds to altered selection 

or mutation almost like a rare dominant, but the equilibrium frequency of the 

disease in’ males 3-s 3 times the ratio of the mutation rate to the selective 

disadvankgo, provgding the mutation rate is the same in egg and sperm,, (The 

factor of 3 enters bscaure recr~ssive sex-linked genes are exposed to elimination 

only in males, which have l/3 of the X d~scmos), 

In ths case of a rare, completely recessive autoscabal gene, equilibrium 

is raachsd when the frequency of the diaease equals tkm ratio of the mutation 

rate to the selective disadvantage o If tbs frequency of the disease is . 

altered, return to the equilibrium frequency is very slow, because most of 

the genes are protected in heteroeygous carriers& Since ths gens frequency 

is approximately the square root of the disease frequency, oCly a very small 

proportion of the genes in tb population are due to.f~~sh mutation0 For ex- 

ample, with a mutation rate of 1 per 100,000 genes and complete lethality of 

homocygotes, the disease frequency would be 1 per 100,000 persons and the 

gene frequency 3 per thousand, which is 300 times greater than ths mutation 

rat4, In th8 long run the sam principles hold aa for dominant genes, but 

the immediate effects of increased mutation or altered selection on Iwnnoey~~s 

ars wry small, 

For an incompletely recessive gene, the equilibrium frequencies are 

almost completely determimd by the selection on the heteroeygote, even if 

this is very small0 For example, if the lethal recessive gens considered 

above reducedtb fitness of the btsrozygote ~onlyl%, tithao~yfora 

dominant gene would apply and the gene frequency would be .OOl, giving a 

disease frequency of only 1 psr million, Ifheteroeygotes could bs detected, 

and would vcluntarzUy reduce their fertility k> %$ of nonaal, the frequency 



of the recessive disease would be only 1 per 100,000,000 instead af 1 per 

lOo,COO a~ c&xxIated fox- Mxz complete2.y recessive ges-e, Thuc a reccssi~-G 

disease can be e3Amix&ed by a small reduction In fertility of heterosygous 

carriers, 

Some physicians and geneticists have expressed concern about the ultimate 

effects of reMring selection against an hereditary disease. This concsrn 

is based on the fact that at equilibrium the frequency of a dominant or re- 

c8ssive disease is proportional to the ratio of the mutation rate, say u, to 

the selective disadvantage, s. Therefore W totaldamage to the population 

is the sum of (u/8)8, or simply the sum of the mutation rates, and we see that 

the damage done & a deleterious geae is in the long run itiepsndent of hcnJ 

deleterious tk gene is, To put this another way, on the average every de- 

leterious gens leads to one genetic death, whsther the disease it produce8 

is mild or severe. Therefore, unless each medical advance in the treatint 

of hereditary disease is accompanied by soor) slight voluntary reduction 

in ths fertility of carriers, the ultimate effect will be an increasing de- 

pendence of the p&ulationonmedicalcare, with nc reduction in the damage 

due to genetic disease, Of course the ssverity of tire disease in individuaP 

cases would be reduced, but the number of people affected correspondin,gI.y 

increased, 

Thase considerations no longer apply if the disease is completely cured. 

%wever, an 8quilibx&nu will finally be established between opposing mutation 

rates, ard a large proportion of the population will require the necessary 

therapy, as diabetics todayrequire insulin or people with myopia require 

glasses~ 

Most ge~ticists regard thess px~pects with some alarm and belAeve 

that u~timatsly am voluntary reduction in the fertil!Lty of certain t-8 

of genetic carriers should be encouragedo Ths above example shows thatewn 

a wry small fertility reduction is sufficient to lessen tb present 



frequency of hereditary disease, even if gretit advances in medical care 

normalizs the survival of affected persons. There is generaXagreemeat 

that it would be premature to encourage such changes in fertility untI3. 

human genetics has progressed farther. 


