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s of phenotypic plasticity has been a controversis
aw [ 1] proposed the existence of genes controlling
stion was that plasticity 15 controlled by a set
ent from those underlying variation in the across-¢
er. He based this conclusion on the elementary ob:
tive genetics experiments - the plasticity and the
y to selection, and/or yield quite distinct heritabils
acterized by a lower heritability than the trait mee
lude that the two aspects of that trait are irdeed g
- simple and apparently innocuous statement !
roversy that has finally erupted in the mid-%0s, tl
aw's original paper.

vas fired by Via [46] with an article in which
ity is the by-product of selection occurring 1n disti
fore evolve as a character in its own right. The i
hting and Pigliucci [35], as well as from Schein
cularly strong in their conclusion that phenotypic p
| circumstances - evolve as a trait independent of ¢

rm of a genotype, including and especially the a
s Yia wae referring ta the within-environment me



d controversy, but that is - after all - the vital s-ign 4
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¢ reaction norms in a envirecnment-phenctype ph
lelds very low phenotypic vaiues in the environme
of the diagram, and very high phenotypic val
toward the right end of the diagram. Since Genot
the heritability of phenotypic plasticity will be very
ation  for pilasticity). However, given that tr
means of the two genotype are very similar (the
similar to the average of high + low), the herital
gnt"'} of the reaction norm will be close to zero.,



th the bath's water. Heterophylly has historically t
notypic plasticity to be investigated, and if’ we
ition of plasticity along the lines of the ability of
t phenotypes in response 1o distinct environments,
inition.
vand from the clearest case to a family of similar
ms. First of all, what if instead of a single mdividi
to experience different environments (Fig. 2)? ~
s of kin selection, or as a bet-hedging strategy.
| that evolutionary bioclogists should account for
s [8,20], and plasticity may increase inclusive fitr
s. An example 1s provided by the evolution of plas
eyespots on the wings of butterflhies of (i
. These 1nsects sport two seasonal forms (wh
vhich are characterized by a showy phenotype dur
yptic one during the less active (dry) season. The
s seems to be radically different: attracting the
organs in the first case, helping to avoid the rare
The molecular biology of this system 1s being wor
1c genes respond to reliable environmental cues st
priate developmental pathway. Now, these butter
nents", since the progeny of one form experiences
(i.e., there 15 temporal fine gramed environmental
therefore makes sense to conclude that this 1s indee
nse of currently useful and of derived by a hi




WO basic ecological situations leading to the
geting directly phenotypic plasticity or to the o
acotype. In (a) the progeny of the plant in the
Xperience one of two environments with a given p
if such progeny is able to grow well on bath en
- the Inclusive fithess of the mother plant. Thi
evolution of an appropriate plastic respanse. |
wolved here perceive the environment as fine-
there may be other kinds of environmental patch:e
of the mother plant can only lend on one type
is therefore perceived as coarse-grained, anc
e mother plant will increase as a result of th
cotypic) specialization. Any plasticity evoiving in
it of occasionally mixing distinct ecotypes, an
A antirahyvy a  bBu.rnrarliirt AF ealamstisal



nce. Similarly, the debate on the evolution of plast
ral evolutionary ecological question of when ¢
yy evolving locally adapted ecotypes) vs, generalist
1enotypic plasticity or behavioral flexability), TI
linked to yet another major question in evolutiona
. maintained in natural populations? It has be
buffer” the action of selection [16]; adaptive plasti
‘the paradox of natural populations well adapted to
apable of expressing significant hernitable gen

1sis of phenotypic plasticity and why it dc

sticity genes, that 1s of genes whose function 1s pr
ronse (and that evolved for that purpose), origin:
lines of evidence for the fact that plasticity i1s so:
1, The arguments to this effect made above are so {i
mable and certainly amenable to modeling. The
published to date which demonstrate selection o1
given the expenimental ditticulties of carrying .
hlichting and I had originally in mind while writi;
was a compelling demonstration that some types
direct selection. The reasoning goes like this: if
tion only as environmental receptors and conseque
r two or more developmental pathways, then their
1 limited to any particular environment, but only u
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ed that this must be the preliminary step for the
y, even those that eventually come to rely on n
 regulate and fine-tune the response.
cular biologists might ¢ry foul and make the arg
ferent name (plasticity genes) to a phenomenon the
ne, namely the existence of environmental recepto
is it not the classic regulatory element of th
the oldest known case of "plasticity gene"? Yes!
- discussion on plasticity genes is not to give n
bring together two areas of research so far ent
7 of environmental receptors on one hand, and the
organismal responses to environmental changes o
have known about the Lac operon for decades, we
15 1n this link between molecular and evolutionar
ncept of plasticity genes.

" plasticity genes and related concepts

7 residual confusion, I would like to offer a defu
th the above discussion, as well as outline the otl
any particular plastic response.

enes. These are environmental receptors whose fur
mental signal and trigger a cascade of other genetic
nism down one of a number of alternative
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1 example of plasticity genes. (Right) The so-c
sponse In plants 1Is @ mechanism that allows a
3 If the light conditions are not appropriate (|
lile stopping and opening the cotyledons when {1
ent. (Left) A class of photoreceptors known as pi
ontrolling the shade avoidance response. The
s as simple as it s effective: if the plant i1s shaded
ts, the ratio between the red and the far red wa
(normally about 1:1 under sunlight) goes down (|
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/ may be structural genes and they may alwe
environment, unlike the previous category).

flowering time

sun low
R:FR

xperimental study of plasticity genes (from F
ress in J Evol Biol). The shade avoidance resg
vidopsis thaliana can be dissected by inducing pol
e the functionality of one or more photorec
ohytochromes in this case). The phenotypic pla

then compared to the one displayed by the
e specificity of the candidate genes' action and



et

lependently of growth rates. In the same fas
ct a plastic response (e.g., shade avoidance in pl:
Schmitt, in press) regardless of growth rates. Ther
ypic plasticity as a genetically unique feature of an

nother of all explanations

ce a possible explanation for the "historical” roc
5y. Via's argument that phenotypic plasticity emerg
hin environments [46,47] 1s very likely the resuit
stem she worked with [43,44], and the quantitative
de applied to modeling the evolution of phenotypic
] work was originally on two taxa of phytopha;
ne of two plant hosts, although occasionally they ¢
status of these entities i1s still under discussion, a
cal ecotypes of the same species, subspecies, or ey
omm.). Whatever the case, Via studied the react
o fitness, such as rates of development, when each
he observation was that each fly was doing better
mative one. This plasticity for fitness 1s clearly n
1ess 18 bound to be), and it obviously is the by-pro
ments: each taxon clearly evolved means to ex
nost, and simply found life difficult on the other 1
e environment 15 coarse from the point of view of
1dual and verv likelv 1ts procenv exnerience onlv
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/ functions connecting a series of experimental po1
re never real continuous functions, which 1n some ¢
se reification” problem). In the case of plant's resp
an infinite number of possible environments,
nery of the plant is designed to deal with the who
ts along it (incidentally, continuous environment
itive  genetics framework, as demonstrated b
Kirkpatrick, [18] on infinite dimensional modeling
ralency of different approaches does not tell us any
hereof of a reaction norm: only a detailed knowled
lirect our biological thinking,
| pardon me for the clearly out of proportion
h like the one originating the much broader disput
evolution happening by mass selection on many
iversal pleiotropy [56]. The two nvals started v
ms and theoretical assumptions in mind, and ca
, almost independently of what the other school w
al evidence was suggesting).

ntics"

the impression that the plasticity genes debate is
sion sometimes reported to me at informal gatherir
debate was Via's original question [46,47]: 15 plast
stion? There can be no amount of rhetoric that ma;

- 3 | R 1 Fal 4



AD (1965) Evolutionary significance of phenc
7 Genet 13: 115-155

PM, Gates J , Keys D, Kesbeke F, Wijngaarde
Carroll SB (1996) Development, plasticity and e
terns. Nature 384: 236-242
Boccalandro H (1995) Co-action between phytoch;
s thaliana. Planta 197; 213-218

Smith H (1989) The function, action and adapt
ne 1n light-grown plants. Plant Cell Environ 12: 851
J, Dean C (1994) Factors influencing the vernali:
ime of late flowering mutants of Arabidopsis tha
: 1279-1288.
K (1968) Phenotypic plasticity with particular
5 plant species. In: Modern Methods 1n Plant Ta
ad Press, London, pp 97-111

G (1995) Genetic and environmental control of
s. Trends Genet 11: 393-397
 (1989) The Selfish Gene. Oxford Univ Press, Oxt
- (1995) Phenotypic plasticity as a product of sel
it. Amer Nat 145; 493-512

PA, Cooke TJ (1985) Leaf dimorphism in the
heterophylla. Amer J Bot 72: 1377-1387



8: 4-15

D) (1963) The evolution of altruistic behavior. Ame:
, Brakefield PM (1993) Artificial selection of r
lements in Bicyclus anynana. Heredity 74 91-99

\bert LS (1982) Environmental and growth reg
and growth of Proserpinaca intermedia (Haloraga

, Lan T-H, Feldmann KA, Paterson AH (1994)

iTing variation 1n flowering time of Arabidopsis t#
}8-035

1987) Phenotypic plasticity and heterochrony
(Pisces, Cichlidae) and their implications for spec
ion 41: 1357-1369

s T (1996) Genetic constramnts on life-hi
ait loci influencing growth and flowering in Arab
140-145

s Brakefield PM, French V {1994) The evolutior
| basis of wing pattern variation in the butterfly B
1147-1157

ingdale JA (1992) Developmental genetics of C4
nt Physiol Plant Mol Biol 43: 25-47

(1996) IHow organisms respond to environmenta
 molecules (and vice versa). Trends Ecol Evol 11:

, Yoznesenskaya EV, Kondratschuk AV, CC B
inatomical and biochemical analvsis in Salsola (i



genes. Amer Nat 142 5366-570

s CD, Pigliucci M (1995) Gene regulation, quan
on of reaction norms. Evol Ecol 9: 154-168

en II (1949) Factors of Evolution. The The
Jniv Chicago Press, Chicago

5, Quail PH (1995) Phytochrome-mediated light r
GUS transgenes in Arabidopsis thaliana seedlings.

¢ (1922) The genotypical response of the plant sp
: 211-350

leren PH (1991) Evolution of generalists and spe
ous environments. Evolution 45: 1317-1331

leren PH, De Jong G (1994) A general model of t
selection and genetic response. J Evol Biol 7; 1-12
eren PH, Koelewijn HP (1994} Selection on reac
s and constraints, Genet Res 64; 115-125

4a) The quantitative genetics of polyphagy in an
nvironment interaction in larval performance on

olution 38; 881-895

4b) The quantitative genetics of polyphagy in an
orrelations in larval performance within and a
38: 896-905

37) Genetic constraints on the evolution of pheno

mstraints on Adaptive Evolution, Loescheke V, e
47-71



LYOL D101 50 /3 /=704
arel CDN, Hoogerhoud RJC (1990) Phenoty)
fructures and 1ts ecomorphological significance.

31) Evolution 1in mendelian populations, Genetics |
1962) Genotype by environment inferaction and gi
ait under different environments. Jpn J Genet 37: 4
J, Casal JJ, Whitelam GC (1995) Phytochrome A
 involved 1n hypocotyl growth responses to nat

weak de-etiolation of the piy4 mutant under dens
8: 788-794



