
tions on the processes of pattern formation 
by cellular polymerization-depolymeriza- 
tion systems. 
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tinct from those that occur during non- 
selective growth (7). For example, trans- 
poson excisions are seen only under stressed 
conditions, and the ratio of recombination 
to point reversion is different under selec- 
tion. In addition, distinct sets of genes are 
required in the two conditions--strong evi- 
dence that different pathways of mutagen- 
esis operate during mutation under selec- 
tion. Cairns and Foster (8) found that the 
DNA recombinase gene recA is required for 
mutagenesis only during selection. Cairns 
has pointed out that this requirement for 
recA (9) indicates that there is a specialized 
pathway for mutagenesis under selective 
conditions. 

The work bv Harris and co-workers in 
this issue of Science (3) confirms the neces- 
sity for recA in selection-promoted mu- 
tagenesis and strengthens the conclusion by 
using a deletion allele of recA. They also 
find that the recB recombination gene is re- 
quired for selection-induced appearance of 
mutants and that a recD null mutation in- 
creases mutagenesis only under the selec- 

The Eva 1 "ti 0 n of Genetic 1 ntell i g ence tive conditions. (RecD is an inhibitory sub- 
unit of the recombination complex.) The 
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recA+ and recB+ alleles are required for the 
recD (null)-stimulated mutation. These re- 
auirements for mutation occurrine under 

I n  1988 Cairns and his colleagues (I ) pub- 
lished a scientific paper that provoked 
heated discussion, even among philoso- 
phers (2). They suggested that mutations 
arise more frequently when the organism is 
under selective pressure for that mutation, 
in apparent contradiction to the conven- 
tional idea that mutations arise without re- 
gard for their utility. In this proposal, the 
environment not only selects among pre- 
existing variants, it also interacts with the 
organism in a sophisticated way to generate 
the variation on which selection acts. This 
phenomenon of mutagenesis under selec- 
tion has been variously called "Cairnsian," 
"selection-induced,'' "adaptive," "post-plat- 
ing," "late-arising," or "selection-promoted" 
mutation and has been much polemicized. 
A paper by Harris and co-workers in this 
week's Science (3) helps to move beyond 
the polemic that has obscured our study of 
the molecular mechanisms that generate 
variation. 

In their classic works, Luria and 
Delbruck (4) and Lederberg and Lederberg 
(5) studied mutation in the context of le- 
thal selection-in which only preexisting 
mutants have a chance to survive. In con- 
trast, the experiments of Cairns and of oth- 

- 
selection are the same as those for homolo- 
gous recombination via the wild-type 
(RecBCD) recombination pathway of 

ers inspired by him are designed to detect Escherichia coli. The absence of effect of recJ 
the frequencies and types of mutations aris- and re& genes implies that an alternative 
ing under conditions of nonlethal selec- E. coli recombination pathway called RecF 
tion, in which the organism has a chance does not participate in the formation of se- 
to react to the selective conditions. These lection-induced mutants. Because recA par- 
conditions do not kill counterselected cells ticipates in processes other than recombi- 
but prevent an increase in their number nation, the reported involvement of other 
(for example, in the paper by Harris and RecBCD pathway genes provides important 
co-workers in this issue, cells mutant for new support for the idea that mechanisms 
U ,  the gene for the lactose-utilizing en- that underlie homologous recombination 
zyme, are plated onto medium with lactose also underlie mutation during selection. 
as the only carbon source). The frequen- Numerous models, all of which account 
cies, timing, and types of mutations aris- for the necessity of the homologous re- 
ing under selective conditions combination machinery, have 
are then compared with those been invoked to account for 
that occur during nonselective the apparently Lamarkian 
growth. evolution seen under selec- 

The most biting criticism tive conditions. These propos- 
directed at the Caimsian als include reverse-transcribed 
school has been that, under mRNA interacting with the 
conditions selective for the ap- host genome (1 ), heteroallelic 
pearance of scorable mutants, interactions (7) analogous to 
there is enough "normal" growth cassette switching (1 O), im- 
to account for the mutants, as- munoglobulin diversity gen- 
suming only that selection-in- eration (1 1) or heterochro- 
duced mutations are created matic interactions (12), and 
similarly to those of nonselec- gene amplification (8, 13). 
tive growth (6). This "growth- The "toe-in-the-water'' pro- 
on-the-plate" argument, how- posal invokes transcripts as 
ever, is not an adequate expla- A conventional view of replication primers when 
nation of the results, because evolution. The environ- growth is the consequence of a The author is in the Laboratory of Molecular Genetics 

and Informatics, Rockefeller University, 1230 York Av- the types of mutations arising merit functions only at the revertant W r i p t  (13). Ho- 
enue. New York. NY 10021-6399. USA. under selection seem to be dis- selection step. mologous interactions may be 
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Organism I mutagenic through a variety of A mom conrpkts vkm of 
mechanisms (14, 15), including er- woMbn. The environment 
ror-prone gap filling, that cross the functions at three stages. 

conceptual border between conven- 
(1) The environment is the 
proximate agent of seiec- 

tional concepts of mutation and re- tion. (2) The environment is 
&tion. Harris and co-workers perceived by the organism. 
believe that the involvement of the (@Organisms use their per- 
RecBGD recombination enzyme in cgption of the environment 
selection-induced mutation i q i i e s  to Mi their physiology, as 

a particular moleah inmgd* 
in operon induction. (4) Or- 
gemkms use their percep 

in selection-irdmd muta- &XI of the enwironment to 
tion: Because l&ecXB has RloCtify their genetic metab 

limn as in the SOS path- _ ikys. (S) The environment 
cMnx%y impinges on the 
MYA via such agents as ra- 
diation and chemical mu- 
tagens. (4S) The environment 

the f d n  of selection-induced int- with DNA via the 
mmbs in their system. Tbe genes of DNA metabolism. 
growth that occurs when bacteEia (t) The organism d i e s  
are living under nonlethal selective environmental interaction 

d t i a n s  is not the robust, rapid 
with the genome as in meta- 
bolic activation or detox- 

doubhg itha2 occurs during nonse- ification. 
lective growth (16). Rather, the 
cells are in poorly cbcterized 
states of etress anb starvation. 1s this state therefore the u;)-nts exkt br &&- 7. P. Foster, Annu. Rev. M f c W .  47.467 (1993). 

specialized f a  tfie generation of mutations back between the gweramrs of genetic Bi- 0. J. Cairns and P. L Foster, @m&ks 128. 695 
(1991). (171, perhaps partidady in the genes defi- versity wid thr: environment that s e b  a. J, ~trkns, ~dtnoezdlo, 1221 (1993). 

cient in the starving bacteria? Along chcls among v-a. The &cacy d arh a a 2 ~ ~ k N ; ~ ~ ~ f  'hT)knbrg, in lines, it would be of interest to know feedkk Imp could be 4 and diwd Emybpedia of 1- (SawK)ers, London, 
whether starving ceUs have mutations in through many cycles dselection. Pattkubq 

. < n  -.- 
tightly a q k d  to the orgamigm's pacepion 
of its emironmas as b gene expression. 

Muratlon rare is sometimes portrayed as 
a tmkd between fidelity, economy, and 
the o c c a s u  need to geneme vdation. 




