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ABSTRACT 
The effect of environment  on  adaptation  and divergence was examined in two sets of populations of 

Eschm'chia coli selected for 1000 generations in either maltose- or glucose-limited media. Twelve replicate 
populations  selected  in maltose-limited medium improved in fitness in the selected environment, by an 
average of 22.5%. Statistically significant among-population  genetic variation for fitness was observed 
during  the course of the  propagation,  but this variation was small relative to the fitness improvement. 
Mean fitness in a novel nutrient  environment, glucose-limited medium, improved to the same extent 
as in the selected environment, with no statistically significant among-population  genetic variation. In 
contrast, 12 replicate  populations previously selected for 1000 generations in glucose-limited medium 
showed no improvement, as a group, in fitness in maltose-limited medium  and substantial genetic 
variation. This asymmetric pattern of correlated responses suggests that small changes  in the  environment 
can have profound effects on  adaptation  and divergence. 

T HE specificity  of adaptation is evident by the diver- 
gence of populations  in dissimilar environments 

(e .g . ,  JAIN and BRADSHAW 1966; MONGOLD et al. 1996).  
Different environmental  conditions select for  different 
traits, and  the fitness benefits of the selected traits are 
environment specific (BELL 1991 ) . Indeed some adap- 
tive responses to selection can be  detrimental in other 
environmental  conditions ( KETTLEWELL 1955),  but this 
is not always so, and adaptation to one environment 
can also improve fitness in a novel environment  (SILVA 
and DYKHUIZEN 1993; DEAN 1995),  even when a trade- 
off  was anticipated ( LUCKINBILL 1978).  Thus,  although 
fitness improvements in one environment are unlikely 
to carry over into a vastly different  environment,  pre- 
dicting  the fitness carryover among  more similar envi- 
ronments is less certain  (FALCONER and MACKAY 1996, 
pp. 321-322; see also LEROI et al. 1994).  

Determining  the specificity  of adaptation is difficult 
because there  are a host of other causes, besides adapta- 
tion, by which genetic diversity among populations (or 
species) can evolve ( GOULD and LEWONTIN 1979; for 
an extensive list see FUTWMA 1986, pp. 254-258). In 
a series of papers, I have investigated the  nutrient speci- 
ficity  of adaptation, by selection of bacterial populations 
in  the laboratory ( TRAVISANO et al. 1995a,b; TRAVISANO 
and LENSKI 1996).  Bacteria are particularly well suited 
for such studies because the causes of genetic diversity 
can be  more readily examined  than with many other 
organisms ( DYKHUIZEN 1990; LENSKI 1992). Replicate 
isogeneic populations can be initiated and maintained 
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for  hundreds of generations under strictly controlled 
environmental  conditions. Genotypes can be viably 
maintained at -80" for  later comparison with other 
genotypes. Direct estimates of fitness, and fitness com- 
ponents, can be  made  in  the selected environment as 
well as novel environments. In addition,  there is a 
wealth  of information  about  the genetics, biochemistry 
and physiology  of many bacterial species. 

Previously, replicate populations of Eschm'chia coli 
were selected in a glucose-limited environment  for 2000 
generations ( LENSIU et al. 1991 ) . In  the selected envi- 
ronment,  the  populations  (henceforth  denoted as G 
populations) improved -35% in fitness over their com- 
mon  ancestor with limited genetic variance for fitness 
among  populations. In 11 other  (novel) nutrient-lim- 
ited  media,  the  improvement and genetic variance for 
fitness were correlated with nutrient  uptake mecha- 
nisms ( TRAVISANO and LENSKI 1996) . Of the 11 novel 
nutrients,  the  populations showed the smallest average 
correlated response in maltose, but still substantial ge- 
netic variation for fitness among  populations ( T u -  

This article is concerned with the  nutrient  depen- 
dency of adaptation and divergence. Glucose is the pre- 
ferred  carbohydrate  for E. coli and  there  are multiple 
regulatory mechanisms that  ensure its utilization prior 
to all other carbohydrates (POSTMA 1993),  while  malt- 
ose is a much less preferred  carbohydrate and its  utiliza- 
tion appears to exert little regulatory control over catab- 
olism  of other carbohydrates (SAIER 1987).  This 
dichotomy in both  preference and regulation suggests 
that selective responses in maltose medium might be 
different  from those in glucose. 
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