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cdc2 Gene Expression at the GI to S Transition in 
Human T Lymphocytes 

The product of the cdc2 gene, designated p34cdc2, is a serine-threonine protein kinase 
that controls entry of eukaryotic cells into mitosis. Freshly isolated human T 
lymphocytes (Go phase) were found to have very low amounts of p34cdc2 and cdc2 
messenger RNA. Expression of cdc2 increased 18 to 24 hours after exposure of T cells 
to phytohemagglutinin, coincident with the GI to S transition. Antisense oligodeoxy- 
nuElebtides could reduce the increase in cdc2 expression and inhibited DNA sknthesis, 
but had no effect on several early and mid-GI events, including blastogenesis and 
expression of interleukin-2 receptors, transferrin receptors, c-myb, and c-myc. Induc- 
tion of cdc2 required prior induction of c-myb and c-mic. These results suggest that cdc2 
induction is part of &I orderly sequence of events that occurs at the GI to S transition 
in T cells. 

T HE SERINE-THREONINE PROTEIN 

kinase p34'd'2 plays a key role in the 
regulation of the eukasyotic cell cp- 
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cle. Originally identified as the product of 
the cdc2 gene of Schizosaccharornyces porrike 
and the CDC28 gene of Sacchavornyces cerevi- 
slat, p34cdc2 is now known to be the catalyt- 
ic subunit of the m~tosis-regulating protein 
kinase complex knourn as maturation pro- 
motlng factor (MPF) or grou~thassociated 
H 1  lunase (1). In growing HeLa cells, the 
amount of p34'd'2 remains constant 
throughout the cell cycle, but p34Ld'2 H 1  
kinas; activity increases dramatically as cells 

progress from GI  to mitosis (2). The regula- 
tion of p34"d'2 function is incompletely 
understood but is believed to be modulated 
by associated proteins, such as p1 jS"' ' and 
cyclins. Also, the phosphorylation of 

~ 3 4 ~ ~ ~ ~  fluctuates as a fiu~ction of the cell 
cycle (2-4) and full activation of p34'd'2 in 
mitotic metaphase requires that residues in 
the adenosine triphosphate (ATP) binding 
site be dephosphorylated (2, 5).  

In fission yeast, cdc2 is required both at the 
G2 to M (G2-M) transition and in GI  at 
"Start" ( 6 ) .  The requirement, if any, for 
p34"d'2 in the GI  phase of the cell cpcle in 
higher eukasyotes has been difficult to as- 
sess, partly because of the lack of suitable cell 
cycle control mutants, although a potential 
role for p34'd'2 at the GI-S transition has 
been postulated (7).  Microinjection of anti- 
bodies to p34'.d'2 into serm-stimulated rat 
fibroblasts caused cells to arrest in G2 but 
had no effect on DNA replication (8). Hour- 
ever, the function of p34'd'2 may be differ- 
ent in GI  than G2, and p34"d'2 could be less 
susceptible to antibodp neutralization in GI  
and S because of a difference in intracellular 
localization or associated proteins. 

Early events in cell cpcle control have been 
snidied in hematopoietic cells because these 
cells spontaneously arrest in Go during the 
process of difikrentiation. T and B lympho- 
cytes can be induced to reenter the cell cycle 
in response to specific antigen or mitogenic 
lectins, whereas myeloid cells are terminally 
differentiated and remain in Go-GI (9). To 
investigate the role of p34'd'2in G I  cell cpcle 
control in human cells, we have examined 
the expression of cdc2 in T cells after lectin 
stimulation and have used antisense oligo- 
deosynucleotides to modulate cdc2 expres- 
sion. 

The DNA content of freshly isolated 
blood T cells was analyzed by flow cytome- 
try after staining with propidium iodide. As 
described previously ( lo) ,  all T cells were 
found to be in Go, but in response to the 
mitogenic lectin phptohemagglutinin 
(PHA) they could be synchronously in- 
duced to undergo blastogenesis (the mor- 
phological changes of the Go-GI transition) 
(after 8 to 12 hours), begin DNA synthesis 
(after 18 to 24 hours), and initiate mitosis 
(after 24 to 48 hours). The expression of 
cdc2 mRNA (11) was evaluated by Northern 
blotting (Fig. 1A) and reverse PCR (poly- 
merase chain reaction) (Fig. 1B) in T cells 
for up to 96 hours after stimulation. Before 
PHA stimulation, cdc2 mRNA was undetect- 
able, and it first became detectable at 15 to 
18 hours by reverse PCR and at -24 hours 
by Northern blot. The expression of p34'd'2 
was simultaneously evaluated by irnmuno- 
blotting with a monospecific polpclonal 
antibodp to a human p34Cd'2 fragment (12). 
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Resting T cells contained very low concen- 
trations of p34cdc2 (Fig. 1C). In some ex- 
periments, an immunorraccive band migrat- 
ing at a position corresponding to 34 kD 
was observed in resting T cells (Fi. 1C); 
however, this band was inconsistently de- 
tected in diffmnt experiments and was not 
daected with some batches of the s F antiserum. In all experhents, p34' ' 2  rm- 
grated as a doublet or triplet at a position 
corresponding to 32 to 34 kD. Increased 
amounts of pMCdc2 were daected after 24 
hours, and by 36 hours the amount of 
~34'~'~was ten times as great as that present 
in cells bebre stimulation (Fig. 1C). The 
identity of these 32- to WkD proteins as 
authentic human pMCdc2 was supported by 
their specific precipitation with p13Suc1 COU- 

pled to Sepharose beads (13) and comigra- 
tion with recombinant human p34'dc2 (14). 
Thus, in quiescent phase T cells, expres- 
sion of &2 was either low or nonexistent, 
but afkr stimulation, cdc2 mRNA and 
~ 3 4 ' ~ ' ~  wae spedcally induced at a time 
corresponding to late GI or early S phase. 
After 15 to 24 hours, ~ 5 %  of cells had 
entered S phase under these experimental 

conditions. In order to con6cm the expres- 
sion of cdc2 at GI-S, T cells were stimulated 
with PHA in the presence of 1 mM hy- 
droxyucea,whihcauscscellcycleamstat 
GI-S duough inhibition of DNA synthesis 
(15). Hydroxyucea had no e f k z  on the 
PHA-induced expression of cdc2 RNA or 
pMCdC2. 

To assess the fuactional signi6cana of the 
induction of ~ 3 4 ' ~ ' ~  in Iectin-stimulated T 
cells, we attempted to inhibit ~ 3 4 ' ~ ' ~  
expression with an l&base aMiscnsc oligo- 
deoxynucleotide complementary to codons 
-3 to +3 ofthe cdc2 mRNA. As amtrds, 
senseandnonsenscrdc2l&tnseoligomers 
wece used, and for comparative purposes, 
antisense, sense, or nonsense oligomas for 
c o d m 2 t o  7ofthec-mybmRNA,cod0tl~ 1 
to 5 of the c-myc mRNA, codons -5 to + 1  
oftubulinmRNA,codom -1to +5of  
cyclin B mRNA, and codons - 1 to + 5 of 
CD5 mRNA wece also evaluated. Both c- 
myb and c-myc antisense oligomers have 
been shown to block e m y  into S phase of T 
cells in suspension culture, whaeas sense or 
nonsense oligomers have no &kt (16). 
Antisense &2 oligomers, but not sense or 

tPHA (hours 

4 - 
1 48 hours -- 

Flg. 1. Expression of cdc2 mRNA and protein in T A - 
cells aftcr PHA stimulation. T cells were prcpvcd 
from periphecal blood by E-resetting and plastic 
adherence. Cells were cukured at 2 x 106 to 
5 x I d  ce1Wml in RPMI 1640 medium (Gibco) 
with 10% heat-inactivated feml bovinc senun 
(FBS) and phytohemaggh~tinin-P (PHA) (Wd- 
come) at a concentration of 1 @d. (A) Induc- 
tion of c&2 RNA. Toml ceUular RNA was isolated w 
at various times and 15-pg sampks were subject- 
cd to 1.2% agarose formaldehyde gel ekcaopho- 
nis and blotted onto nitrocellulose. The cdr2 
mRNA was detected with a 0.9-kb Kpn I-Pvu II 
fixpent of human cdc2 cDNA as a probe (11). A V ) W ~ C Q Q I N W  
murine i3-actin cDNA was used to reprobe blots 4 o T ~ m 7 . - n r m ~ r - m  5 -1060 

to control for variations in amount of RNA - 928 
loaded. JOSK-I is a human monocytic leukemic 

ofcdc2 mRNA by 
,427 

cell line (25). (B) Detecmn 383 
PCR. RNA from 2.5 x 10' cells was reverse 
aanscribed (1 hour, 3TC) with 200 U of Mo- 
loney murine leukemia virus reverse transaiptase 
and a 3' antisense primer (corresponding to nu- - 01 

cleotides 574 to 597) as template. Resulting c 'HA (hours) % \ 
cRNA fixpents were amplified by PCR (40 18 24364872 'a "a 
cydes) with 2.5 U ofTaq pofymerase and 24base 
primers flanking a 427-bp sequence coding for 
amino adds 11 to 153 (26). A portion (10 pl) of ~ 3 4 ~ ~  -- O'J 

the 100-pl reaction volume was separated in a 2% 
agarose gel and stained with ethidium bromide. 
Molecular size markers (expressed in bases) were a 

-*a* Bst NI digest of pBR322. (C) Induction of CD6 - -# .. M - - ,," 
~34'~". Protein extracts (25 pg per lane) were * A 
separated by 10% SDS-polyacryiamide gel elec- 
trophoresis on a minigel apparatus (Schleichcr & Schucll) and ansfkred to a niuoccUulose membrane. 
Irnmunoblotting was performed with a 1:1000 dilution of monospe.a6c rabbit antiserum to 
recombinant human ~ 3 4 ~ ~ ~ '  (12), and blots were developed with ?Ikaline phosphataseumjugated goat 
antibodies to rabbit immunoglobulin G (Promega). Human ~ 3 4 ~ ~ '  fFOm Sf9 cells h k t e d  with a 
baculovirus encoding p34cde2~as used as a positive control (~34'~" lane) (14). The identification of 
the 32- to 34-kD bands as authentic human p34'dc2was supported by their ' f i  the 72- 
hour sample .Tm treatment with p 1 3 s c ' ~ p * d  agarox beads as &scribe%d SYC' l m )  (13). 
As a control for protein loading, the upper half of the blot was separately stained for expression of the T 
cell membrane protein CD6 with monodonal antibody 2H1, which detects a 110- to 130-kD p t c i n  
(27). Sizes are shown in kilodaltons. 

nonsense oligomcrs, reduced the induction 
of pMCde2 at 24 to 36 hours by 47 to 75% 
(estimated by scanning densitometry) in 
three expaimnts (Fig. 2A). Similarly, anti- 
sense c-myc and antisense c-myb oligonudco- 
tides, but not sense or nonsense oligomers, 
reduced induction of c-myc and c-myb by 55 
and 89%, respectively, in the experiment 
shown in Fig. 2A. Induction of p34cdc2 
expression was at least partly dependent on 
expression of c-myc, c-myb, or both (Fig. 
2A). because treatment of T cells with either 
an& c-myb or c-myc oligomers reduced 
pacdc2 induction by 40 and 57%, respec- 
tively. Antisense c-myc oligvmen had a min- 
imal dfoct on indudion of c-myb (17% 
reduction in the experiment shown in Fig. 
2A), and antisensc c-myb reduced expression 
of c-myc by 35%, suggdng that expression 
of these two proteins in T cells may be 
interrelated to a small degree. 
The effecD of blocking p 3 4 C d C 2 u p ~ -  

tion on a series of G1 or S phaswammted 
events, including blastogcnesis (Go-GI), in- 
duction of interleukin-2 (IL-2) receptor and 
dd receptor expression (early GI), 
induction of c-myb and c-myc (early to mid- 
GI), and DNA synthesis (S phase), were 
determined. Antisense uic2 oligomer at a 
concentration of 200 d m 1  (-35 pht) had 
no dfoct on bhogenesis, dl viability, in- 
duction ofthe amsferrin receptor, or induc- 
tion of the IL-2 raceptor. S i ,  anti- 
sense cdc2 oligomc had no &' on induc- 
tion of proteins encoded by c-myc and c-myb 
(Fig. 24. However, antisense cdc2 oligo- 
mec, but not sense or nonsense cdc2 oligo- 
mecs, reduced T cell entry into S phase when 
assessed at 36 or 72 hours and were as 
&ective as antisense c-myb or c-myc oligo- 
mers (Fig. 2C). Further, antisense or s& 
oligomecs to cydin B (Fig. 2Cj, tubulin, 
and CD5 mRNAs had no efkct. Antisense 
&, but not nonsense cdc2, reduced DNA 
synthesis ([3~]thymidine uptake) in stimu- 
lated T cells (Fig. 2B). Thus, a function 
associated with induction of ~ 3 4 ' ~ ' ~  is re- 
quired in late GI or early S phase for DNA 
synthesis in T cells, but is not rtquirrd for 
earlier G1 events including expression of the 
&2 rpcepror, the d& receptor, c- 
myc, or c-myb. Although the antisense oligo- 
nucleotide studies demonstrate an associa- 
tion between induction of cdc2 expression 
and entry into S phase in T cells, proof that 
pNCdc2 itse4f regulates the GI-S transition 
will require additional studies, such as dem- 
onmating that overexpression of cdc2 makes 
the cell resistant to the oligonucleotide ef- 
fect. As expeaed tiom previous studies (I@, 
antisense c-myc and c-myb oli- had no 
effest on blastogenesis or IL-2 receptor 
expression, but inhibited entry into S phase 
(Fig. 2C). 
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Finally, we examined the possible require- 
ment for ~ 3 4 ' ~ ' ~  in a known GI-S-associat- 
ed phosphorylation event, the phosphoryl- 
ation of the product of the retinoblastoma 
gene, Rb (1 7, 18). We have previously 
shown that lymphocytes express a GI-associ- 
ated kinase that can phosphorylate Rb, 
whereas myeloid cells do not (18). The 
phosphorylation of Rb at GI-S occurs in a 
wide variety of human cells and has been 
suggested to be involved in the regulation of 
the GI-S transition (17, 18). The identities 
of the Rb kinases are unknown, but Rb 

contains six consensus sites fbr phosphoryl- 
ation by p34cdC2 (19). Phosphorylated spe- 
cies of Rb (Rb-phos) can be readily identi- 
fied by their slower migration on SDS- 
polyacrylamide gel electrophoresis (20). The 
induction of ~ 3 4 ' ~ "  ( ~ i g .  1) thus coincides 
with the phosphorylation of Rb and the 
increase in the amount of Rb that occurs at 
GI-S (18). When cells were treated with 
antisense cdc2 oligomers, the amount of R b  
phos, particularly the most slowly migrating 
forms, was reduced (Fig. 3). The character- 
istic up-regulation of total Rb protein that 

Fig. 3. Expression and phosphorylation of Rb 
protein in stimulated T cells. Unphosphorylated 
Rb and phosphorylated Rb (Rb-phos) were de- 
tected by immunoblotting with monodonal anti- 
body RB-PMG3-245 (Pharmingen) as described 
(17, 18). T cells were cultured with PHA (1 
pg/ml) for 48 hours with antisense (als), nomeme 
(nls), or sense (s) oligomers as indicated, and 120 
pg  of protein lysate was applied to each lane. 
Molecular sizes arc shown in kilodaltons. 

occurs in T cells (18) was also diminished. 
Nonsense oligomers had no effect. Treat- 
ment ofT cells with antisense c-myb or c-myc 
oligomers also reduced the amount of Rb- 
phos, whereas sense or nonsense oligomers 
had no effect (Fig. 3). Thus, c-myb, c-myc, 
and pMCdc2 are directly or indirectly re- 
quired for some of the phosphorylation of 
Rb. However, the reduced amount of R b  
phos that occurs in response to antisense 
cdc2 oligomers does not indicate that ~ 3 4 ' ~ ' ~  
itself is the kinase responsible for Rb phos- 
phorylation. With histone H1 as a substrate, 
~ 3 4 ' ~ ' ~  has been shown to be relatively 
inactive as a kinase in GI compared to GI-M 
(2). However, it has been suggested that the 
substrate specificity of p34cdC2 may vary in 
different phases of the cell cyde (7). 

If ~34 '~"  does participate in Rb phos- 
phorylation, it is possible that it is not the 
only such kinase, because of the multiple 
species of phosphorylated Rb observed in 
proliferating T cells (Fig. 3). Also, these 
studies do not address whether all of the 
phosphorylation of Rb is taking place at GI- 
S. It is possible that the antisense oligomers 
reduce Rb phosphorylation that occurs later 
in the cell cyde. The effect of antisense c-myc 
and c-myb on Rbphos could be mediated 
through their effects on p34cdc2 expression. 

The progression of T cells through the cell 
cycle is believed to require the sequential 
expression of a series of cell cycle control 
genes. Our results support this notion and 
suggest that the expression of c-myc, c-myb, 
and cdc2 are interrelated. Expression of C-myc 
has been shown to be biphasic, with an early 
peak at 2 to 5 hours, and a later peak at 12 to 
24 hours (21). The expression of c-myb 
peaks at 16 to 20 hours (22). Our results 
show that increased expression of ~ 3 4 ' ~ ' ~  is 
detectable by 24 to 36 hours. The expres- 
sion of c-myc and c-myb was required for 

I -7 G PHA + als 
cycl~n B 

'HA + 
cvclin B . 

,I DNA a 
7 M 

mtent - 
pression hy . . 

2. Inhibirio .. . .  treatment . - .. 
of T cells wlth antlscnse olrgonucleotrdes 1 cell5 

cultured at an rn~tld conccnrratlon of 
10' cells/ml m 24-\veil plates (Lrnbro, Flou 
~ratorles) In RPLVI 1640 supplemented w ~ t h  
FBS that was hear-~nacnvated at 65°C for 1 

hour to  reduce nuclease activity. Oligodcoxynu- 
cleoridcs \\.ere synthesized tvith an Applied Rio- 
sysrems 391 DN.4 synthesizer and purificd by 
chromatography on Scp-Pak CIR colums and 
ethanol precipitation. The sequencc of cach oliso- 

mer \\?as as follows: antisense (afs) rdr2 (5'-ATC TTC CAT AGT TAG TCA-3'). scnse (s) rdi2 (5'-TGA 
CTA ACT .4TG GA4 GAT-3'). nonsense (nlsl rdr2 (5'-TGG C M  ACTTAT TCT ACT-3'). ats c-tnyh 
(5'-GTG CCG C;GG TCT TCG GGC-3'), s c-tnyh (5'-GCC CGA AGX CCC CGG CAC-3'), nls c-rnyll 
(5'-GCG GGT TGT CGC GCC; GTC-3'). d s  c-ttiyc ( 5 ' - M C  GTT GAG GGG CAT-3'). s c-~t~yr (5'- 
ATG CCC CTC AAC GTT-3'1, als cyclin R (28) (5'-GAC TCG GAG CGC CAT GGC-3'), s cyclin R 
(5'-GCC ATG GCG CTC CG.4 GTC-3'). The ccll~ apcrc stimulated with PHA (0.5 p,g/ml) and the 
oligonucleotides wcrc added to the culturcs 6 hours before arid 0, 24. and 48 hours aftcr PHA 
stimulation [at a concentration of 200 ~ g i m l  (-35 p,M) for the first addition arid 20 ~ g i m l  for thc 
subsequent additions (total = 260 pgiml,]. Oligonucleotide uptake, stabilih. and S 1  nucleasc rcsist- 
ancc nerc examined as described (29). Approximately 2% of the addcd oli!gomers Xvcrc takcn up by thc 
cells after 24  hours. S 1  nuclcasc-resistant hybrid struchlres appeared after 24 hours. Thc fiLgure shows 
results from one of four similar experiments. ( A )  Effcct of anrisense oligodeo~~nucleorides on p34'"': 
C-ttiyc, and c-t~iglr induction. Thc cspression of p34""-'nas evaluated by immunoblot heforc ( -PHA) 
and 48 hours after PH,4 stimulation. The prorcin encoder1 b!. c-nlyr (ph2""') was detected \\,irh 
antibody OM-11-902 (Cambridge Kesearch Riochcmicals, Cambridge, Ma~sachu~etts) and that 
encoded by c-ttiylr (p80""'~) was detected xvith antibody OA-11-841 (Cambridge Research Biochemi- 
cals). Equal amounts of protein (25 pp)  were loaded in cach lane. Control samples received treatment 
with PHA but not oliponuclcoridcs. (B)  ['HJThymidinc incorporation (mean ? SD) was measured 
after incubating 2 0 0 - ~ 1  culturcs (5  x 104 cells pcr culturc) with 0.2 pCi of ['Hlthymidine (2  Cilmmol; 
Ilupont Biotcchnolo~ Systcms) for 16 hours in triplicarc (18). Snnscnsc nligomcrs wcrc used to 
control for any nonspecific inhibition of ['Hlthymidine uptake due to the thymidine in the anriscnsc 
synthetic olipomcrs ( 16).  (C) Cell cycle analysis was crformcd hy flow cytomctn aticr srair B .  with propidium id idc .  An equal number ofcells (10 ) \\as anzl!.ired for each treatment. Appi 
50"o of the cells entered S, G-., or M phasc aftcr 7'2 hours of culture with PHA (1  p p h l i .  

ling I3SA 
rox~matclr 
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subsequent induction of p34cdc2, but 
p34'dc2 expressio~l was not required for 
induction of c-rwyb or  c-rwyc; the inhibition 
of p34'd" expression with antisense oligo- 
mers did not affect i~lduct io~l  of either 
proto-oncogene. Thus, p34'dc2 expressio~l 
occurs relatively late in the sequence of GI-S 
control genes, subsequent to  the i~lduction 
of c-rwyb and c-rwyc. These results suggest 
that sorne of the lu~o\vn requirement for c- 
myc and c-rwyb for the GI-S transition in 
lectin-stimulated T cells (16) could be medi- 
ated through i~lduct io~l  of p 3 4 c d c ~  because 
reduction of p34cdcZ expression, either di- 
rectly by antise~lse cdc2 oligomers or indi- 
rectly by blocki~lg either c-myc or  c-rwyb 
induction, produces equivalent inh ib i t io~~ of 
DNA sy~lthesis. The obsen~ed degree of 
inhibition of p34'd" expressio~~ after treat- 
ment of cells with a~ltise~lse c-myb or C-myc 
could, by itself, be sufficient to  block cells at 
GI-S.  However, c-trlyb and c-myc likely regl- 
late the expressio~l of many genes in GI  and 
may control several parallel events that are 
also required for the GI-S transition. 

Our antisense oligorner experiments indi- 
cate that p34'"C'2 is not likely to  have a 
regulatory fullction at Go-GI in lectin-acti- 
vated T cells. The small amount of p34cdc2 
present in resting T cells may be characteris- 
tic of Go cells, and a similar finding has also 
been reported for serurn-starved fibroblasts 
(4) and quiescent baby rat ludney cells (23). 
It is possible, ho\vever, that p34""2 plays 
sorne role in Go cells, because expression of 
cdc2 has been described in nonproliferati~lg 
brain cells (22). 

Finally, it is \vorth considering that aber- 
rant expression of c-myc and c-trlyb in herna- 
topoietic cells can result in leukemia and that 
loss of expression of R b  is associated with 
transformation of many cell li~leages, includ- 
ing T cell leukemia (24). It  is therefore 
possible that p34""" itself or regulators of 
p 3 4 ' d ' 2 f ~ ~ ~ l ~ t i o ~ ~  at GI-S could contribute to  
tra~lsforrnation of hematopoietic cells. 
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Female Preference Predates the Evolution of the 
Sword in Swordtail Fish 

The study of female preferences and the evolution of male traits has until recently 
centered on genetic coevolutionary mechanisms. An alternative mechanism posits that 
a preference results from a preestablished bias in the female information-processing 
system arising from sources independent of sexual selection. Male traits then arise that 
are selected by this preexisting preference. The genus Xiphopliorus consists of swordless 
platyfish and swordtails. Swordlessness is the primitive state. In this study, female 
platyfish, X. maculatus, were found to prefer conspecific males with artificial swords 
over those without swords, despite evidence that the common ancestor of platyfish and 
swordtails was swordless. These results suggest that the evolution of the sword in the 
swordtail clade was a consequence of selection arising from a preexisting bias. 

EXUAL SELECTION WAS FIRST PRO- 

posed by Dam~i11 (1) as a mechanism 
to explain the evolution of elaborate 

traits in males that appear to  decrease their 
survival. One type of sexual selectio~~, female 
choice, i~lvolves a preference by females for 
traits in males. Until recently, rnodels that 
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stress the coevolution of a fernale preference 
and a male trait have dominated theoretical 
and empirical treaunents (2, 3).  Few data 
have been produced that support one of 
these rnodels to  the exclusio~l of another, 
and alternative, testable models have been 
proposed [see (4) for review]. A non-coevo- 
lutionaty explanation for the evolutio~l of a 
fernale preference and a male trait proposes 
that biases in the female sensory or cognitive 
system, o r  both, arise and increase to  a high 
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