
trogen base containing adenine, hist~dine, trypto- 
phan, and 2% glucose). After approximately 24 
hours, filters were transferred to selective plates con- 
taining 2% galactose as carbon source and grown 
for another 20 to 24 hours. X-gal assays were per- 
formed directly on these filters (79). Positive (blue) 
colonies were picked from the filter, streaked to iso- 
late single colonies, and reassayed essentially as 
described above. Blue colonies were plated on se- 
lective plates containing uracil and 5-fluoroorotic 
acid (1 mg/ml) to select against the reporter plasmid. 
ura- strains were mated to W303-1 b (MATcY ade2-7 
ura3- 7 his3- 7 7,75 trp 7 - 7 7eu2-3,172 can 7 - 7 00) har- 
borng either pLGA178 or pLG-ARSI +.  Five clones 
expressed p-galactosidase with pLG-ARSI + but 
not with pLGA178. The library plasmids in these 
strains were rescued into Escherichia coii and, upon 
reintroduction Into fresh reporter-containing yeast, 
retaned their original characteristics. The indicated 
yeast ARSs were first subcloned Into pUC plasmids, 
excsed with Eco RI and Hind Ill, blunt-ended, and 
cloned into the unique Xho I site of pLGA178. The 
clonng of ARSl (derived from pARS1 .4.1), ARS2, 
ARS307 (previously called CZGI), and the 2-p,m or- 
igin as well as the 138-base pair (bp) Dra I-Alu I 
HMR E fragment into pUC plasmids have been pre- 
viously described (76, 20). All of these inserts are 
between 100 and 300 bp except for ARS2, which is 
627 bp. Quantitative assays for p-galactosidase 
were performed, and data were normalized to the 
cell number as descrbed in (27). In all experiments, 
amounts of p-galactosidase were normalized to the 
amount produced w th  the wild-type ARSI reporter. 

23. Mutatons (indicated as an X) in the individual eie- 
ments of ARSl corresponding to linker substitu- 
tions in A (865 to 872), B1 (835 to 842), and 82 
(798 to 805) and a double point mutation in 83 
(756, 758) (3) were cloned into pLGA178 in the 
indicated orientation as descrbed in the legend to 
Fig. 2. To construct the reporter containing ele- 
ments A and 81 alone (correspondng essentially 
to a 82, B3 double mutation), an Eco RI-Pst I 
fragment from pARSI -WTB(3) was blunt-ended 
and cloned Into the biunt-ended Xho I site of 
pLGA178. Quantitative p-gaiactos~dase assays 
were performed as described above (22). 

24. Domain A from either wild-type or mutated (865 to 
872 linker substitution) ARSl (3) was excsed as an 
Eco RI-Bgl I I  fragment and cloned into pLGA178 as 
described in the legend to Fg.  1. Arrows indicate the 
orientation of the ACS. The arrow pointing right rep- 
resents the ACS In the same orientation as t is in the 
intact ARSI. In (B), the wild-type doman A was re- 
constructed by the cloning of the double-stranded 
ol~gonucleot~de: 

~'GATCTAAACATAAAATCTGTAG 3' 

I I I I I I I I I I  
3'  ATTTGTATTTTAGACATCTTM 5' 

between the Eco RI and Bgl II sites of PARS-WTB (3). 
This procedure removes sequences 5' to the T-rch 
strand of the ACS that are not necessary for ARS 
function (3). Point mutations were constructed in the 
same manner, except that the double-stranded oli- 
gonucleotide contained the indicated point muta- 
tions. In each case, the wild-type or mutant ARSs 
were subcloned into pLGA178 and quantitative 
P-galactosidase assays were performed as de- 
scribed in (22). Levels of ARS act~vity and ORC bnd- 
ing were taken from (6). 

25. Dbf4 deletions were generated by polymerase chain 
reaction with the use of oligonucleotides with Bam HI 
Sites for subcloning PCR products into the relevant 
vectors. The constructs contained the following por- 
tons of Dbf4: Full-length (FL), amino acids 1 to 695; 
C2, amino acds 4 to 41 6; 152, amno acids 1 to 320; 
154, amino acids 1 to 160; 16, amino acids 81 to 
416; and 18, amino acids 241 to 416. Because the 
two interaction assays are quite different, only qual- 
itative X-gal assays are shown. Construct 16 repro- 
ducibly activates signficant, albeit reduced, levels of 
p-galactosidase activity in ths  assay, suggesting a 
reduction but not elimination of ARS interaction ca- 
pability. All constructs were tested for their ability to 
complement a dbf4-2 mutant at 37°C. In no case 
was there a s~gnificant difference between the lexA 
and GAD fusions (72). 

26. We thank L. Johnston, J. Biow, J. Harwood, N. strains; B. Amat1 for advice on quantitative p-galac- 
Lowndes, and A. Rowley for helpful discussions and tosdase assays; and I. Goldsmith for oligonucleotide 
critical reading of this manuscrpt; S. Elledge for the synthesis. 
gift of the yeast cDNA library; L. Johnston, N. 
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Convergent Pathways for Steroid Hormone- and 
Neurotransmitter-Induced Rat Sexual Behavior 

S. K. Mani, J. M. C. Allen, J. H. Clark, J. D. Blaustein, 
B. W. O'Malley* 

Estrogen and progesterone modulate gene expression in rodents by activation of intra- 
cellular receptors in the hypothalamus, which regulate neuronal networks that control 
female sexual behavior. However, the neurotransmitter dopamine has been shown to 
activate certain steroid receptors in a ligand-independent manner. A dopamine receptor 
stimulant and a Dl receptor agonist, but not a D, receptor agonist, mimicked the effects 
of progesterone in facilitating sexual behavior in female rats. The facilitatory effect of the 
neurotransmitter was blocked by progesterone receptor antagonists, a Dl receptor an- 
tagonist, or antisense oligonucleotides to the progesterone receptor. The results suggest 
that in rodents neurotransmitters may regulate in vivo gene expression and behavior by 
means of cross-talk with steroid receptors in the brain. 

Sexual receptivity in the female rat de- 
pends on the ovarian steroid hormones es- 
trogen (E) and progesterone (P) ( 1  ). The 
effects of E and P on sexual behavior in 
rodents appear to require their interaction 
with specific steroid hormone receptors lo- 
cated in the ventromedial nucleus of the 
hypothalamus (2). The receptors are 
thought to mediate the actions of these 
hormones by functioning as ligand-depen- 
dent nuclear transcrivtion factors that alter 
the -expression of specific genes or gene 
networks in the hypothalamus (3). The 
time course of induction and decav of sex- 
ual behavior correlates with the amount of 
inducible progesterone receptor (PR) in the 
ventromedial nucleus region (4). The pro- 
gesterone antagonist RU 38486, adminis- 
tered before P, inhibits lordosis in E-primed 
rodents in a dose-dependent manner, which 
indicates that P occupies its classical nucle- 
ar receptor (5). Thus, certain actions of 
steroid hormones in the brain apparently 
result from activation of intracellular recep- 
tors that regulate behavioral functions by 
modulating gene expression (6). 

Certain steroid receptors, such as avian 
PR, human estrogen receptor (ER), and 
vitamin Dj receptor, can be activated in a 
ligand-independent manner by the neuro- 
transmitter dopamine in cultured cells (7). 
Dopamine has no detectable affinity for 
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intracellular steroid receptors and may act 
by altering phosphorylation of either the 
receptor itself or a specific transcription 
cofactor. A single amino acid mutation in 
theACOOH-terminal region of either PR or 
ER eliminates activation bv dovamine but , . 
not by the authentic cognate ligand. This 
ligand-independent activation of certain 
steroid receptors can also be induced by 
certain growth factors ( 8 ) .  To corroborate 
that dovamine activation of a steroid recev- 
tor has physiological relevance in the cen- 
tral nervous system, we used an established 
P-dependent behavioral model in female 
rats. Dopaminergic transmission also has 
effects on this model because hypothalamic 

, a  

administration of dopamine, or the dopa- 
mine receptor stimulant apomorphine, ex- 
erts a stimulatory effect on sexual behavior 
in E-primed female rats (9). We examined 
the effects of inhibition of PR gene expres- 
sion on dovamine-facilitated sexual behav- 
ior of female rats bv intracerebroventricular 
(icv) administration of antisense oligonu- 
cleotides to the PR. 

Ovariectomized Sprague-Dawley rats 
previously tested for receptive behavior in 
the vresence of sexually active males were 
stereotaxically implan;ed with stainless 
steel cannulae into the third ventricle to 
facilitate direct icv iniection (1  0). When 
these animals were Dribed with ~ ' subcuta-  
neously and P was adtninistered by icv in- 
jection 48 hours later, they exhibited a high 
frequency of lordosis [scored and represent- 
ed by the lordosis quotient (La)] in the 
presence of males (Fig. 1A). Apomorphine, 
a dopamine receptor stimulant, adminis- 
tered by icv injection 48 hours after E-prim- 

SCIENCE VOL. 265 26 AUGUST 1994 



ing, also facilitated lordosis response. The 
measured response was equivalent to the 
response of P at the doses administered. A 
selective Dl agonist, SKF 38393, also mim- 
icked P in the facilitation of lordosis re- 
sponse in E-primed rats (Fig. 1B). A t  a 60- 
to 100-ng dose, virtually all animals exhib- 
ited reliable receptive behavior; lower doses 
of SKF 38393 were partially effective. In 
contrast, quinpirole, a D, agonist, had little 
or no stimulatory effect on lordosis in E- 
primed animals at any of the doses admin- 
istered (Fig. 1C).  Facilitation of sexual be- 
havior by the Dl agonist was suppressed by 
the D, receptor antagonist SCH 23390 
(Fig. ID). 

The administration of apomorphine or 
D, agonist directly into the hypothalamic 
area and blockade by a Dl antagonist indi- 
cate that dopamine is acting at its cell 
membrane receptor to produce a behavioral 
response similar to that initiated by P. 
These responses are in contrast to some 
earlier reports of the inhibitory effects of 
dopaminergic agonists on sexual behavior 
( 1 1 ). The observed facilitatory effects could 
be due to the local administration of the 
compounds into the third cerebral ventricle 
as compared with the systemic or oral ad- 
ministration in the earlier studies. Similar 
to our results, local micro-infusions of do- 
pamine or apomorphine into the medial 
preoptic area and arcuate-ventromedial 
area have been reported to stimulate sexual 
behavior in female rats (9). 

The possibility of indirect actions of do- 
pamine agonists on the adrenal gland is 
unlikely because facilitatory effects of apo- 
morphine on sexual behavior have been 
demonstrated in adrenalectomized and 
ovariectomized rats (12). Nevertheless, we 
performed separate studies in dexametha- 
sone-suppressed, E-pimed rats that con- 
firmed that icv administration of SKF 
38393 induced lordosis independent of the 
presence of the adrenal glands (13). Also, 
serum P was measured in E-primed rats after 
icv injections with SKF 38393, and no sig- 
nificant elevations were observed compared 
with matched controls injected with vehi- 
cle (14). SKF 38393 also mimicked P's bi- 
phasic influence on sexual behavior of fe- 
male rats (15); standard doses were ineffec- 
tive, and larger doses caused facilitation of 
lordosis during the period of refractoriness 
(1 6). The selectivity for a D, receptor ago- 
nist and not for a D, receptor agonist in the 
potentiation of lordosis is consistent with 
an inhibitory role of D, receptors on lordo- 
sis behavior (1 7). 

Innervation of neurons containing ste- 
roid receptors by apparent dopaminergic 
neurons in the rodent brain have been re- 
ported (18). Moreover, E and P increase 
dopamine transmission at dopaminergic 
synapses (1 9). Catecholamines increase the 

number of intracellular receptors for E and 
P (20). Thus, both P and dopamine could 
induce lordosis through effects on PRs with- 
in the brain. T o  test this hypothesis, we 
examined P- and dopamine-facilitated sex- 
ual behavior in E-primed rats in the pres- 
ence of PR antagonists RU 38486 and ZK 
98299 (Fig. 2). The receptor-specific anti- 
progestins blocked the facilitation of lordo- 
sis by P in the E-primed female rats (21 ). 
However, icv administration of the PR an- 
tagonists 60 min before the injection of the 
Dl. agonist SKF 38393 also suppressed sex- 
ual behavior (Fig. 2),  suggesting that, PR is 
involved in the dopamine-facilitated lordo- 
sis response. It is likely that the antiproges- 
tin creates an unresponsive form of receptor 
that cannot be activated either by P or by 
dopamine (22). 

We  also administered antisense oligonu- 

Fig. 1. The effect of apo- 
mor~hine and doaamine 

cleotides to PR mRNA to reduce the 
amount of PR in the ventromedial nucleus. 
Antisense oligonucleotides to PR have 
been shown to inhibit P-facilitated lordosis 
(23). Ovariectomized rats with indwelling 
cannulae were primed with E (subcutane- 
ously) and concurrently given an icv injec- 
tion of antisense oligonucleotides to PR. 
Oligonucleotides were readministered 24 
hours later, and a maximal effective dose of 
P (2 kg) or apomorphine (100 ng) was 
administered (by icv injection) 48 hours 
after the initial E-priming. The animals 
were examined for sexual behavior in the 
presence of males and the L Q  determined 
(Fig. 3A). Neither E nor apomorphine 
alone had an effect on the sexual behavior 
of female rats; after E treatment, both P and 
apomorphine induced equivalent intensi- 
ties of lordosis. Antisense oligonucleotides 

receptor agonists and an- loo 100 
tagonists on sexual be- 80 80 
havior of female rats. u 

-1 60 4 60 Ovariectomized rats were 
primed with estradiol ben- 40 40 
zoate (E) in sesame oil (1 0 20 20 
kg). Various doses of (A) 

Vehicle 
0 

Vehicle 
0 

apomorphine, (B) SKF E - + - + + t  E - - - + + - + + + + +  
- - +  - - - - - -  38393 or, (c) quinpirole Aprn&hine(ng) - - 1% 50 $00 2% SKF58393 (ng) - - - 1m 40 so 60 75 100 

were administered. (D) 
The D, dopamine receptor antago- C 
nist SCH 23390 (I  00 ng) or D, recep- 

120 

tor antagonist sulpiride (1 00 ng) were 
100 

administered 30 min before the ad- 80 

ministration of-their respective ago- 5 60 

nists (100 ng). All the compounds 40 
other than E were administered by icv 20 
injection 48 hours after E-priming. 

Vehide Vehicle O + + + + + + + 
Sexual behavior was measured as p~ - + + - + I - +  E - - + - - - -  

- + + + + + +  
- - + - - - -  

described (28). Each experiment in- Quinpircie(ng) - - - ioa 50 100 200 g ~ ~ 3 8 3 9 3  SCH 2 3 9 0  - - - - - - - + + - - + - -  
eluded control groups of E-primed Quinpirole - - - - - t +  

Sulpiride - - - - - - + 
and non-E-primed animals that re- 
ceived vehicle only. The agonists and antagonists were dissolved in saline and administered by icv injection. 
The dose of P used (2 pg in sesame oil) gave maximal response. Statistical analyses were done as described 
(29). Kruskal-Wallis one-way ANOVA on ranks method of analysis indicated a statistically significant effect (P 
< 0.001) of all treatments compared with E-treated controls (n = 6 in each group). Dunn's method for 
comparison indicated a statistically significant difference (P < 0.05) in lordosis response between apomor- 
phine- or SKF 38393 (75 ng or more) -treated animals versus E-treated animals. No significant effect on sexual 
behavior was observed in animals that were administered quinpirole when compared with controls (P > 0.05). 
The Mann-Whitney rank sum test indicated an effect of SCH 23390 on SKF 38393-facilitated lordosis (P = 
0.002), whereas no significant difference in lordosis response was observed between quinpirole 2 sulpiride- 
treated animals (P > 0.1). 

Fig. 2. Effect of P antagonists on P- or SKF 38393-facilitated 
sexual behavior. Ovariectomized rats were primed with E (Fig. 1). 
Forty-eight hours later, the animals were given icv injections of RU 
38486 (2 pg) or ZK 98299 (2 pg) in sesame oil. Then 60 min later 
the animals were administered icv injections of P (2 pg in sesame 
oil) or SKF 38393 (1 00 ng in saline), and sexual behavior was 
quantitated as described (28). Control animals received vehicle 
only or vehicle and E only. Statistical analysis was done as de- 
scribed (29). Statistically significant differences (P < 0.05) were 
observed in P- or SKF 38393-facilitated lordosis responses in the 
animals that received the antagonists compared with those that 
did not (n = 6 for all groups). 

Vehicle + + + + + + + + 
E - + + + + + + +  
P - - + + + - + +  
RU 38486 - - - + - - + -  
ZK 98299 - - - - + - - +  
SKF38393 - - - - - + + + 
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Fig. 3. Effects of (A) apo- 
morphine and (B) selec- 120[ 

tive D, dopamine recep- 
tor agonist SKF 38393 in 
the presence of oligonu- 
cleotides to PR mRNA 
on sexual behavior of E- 
primed female rats. Rats 
were treated with E as 
described (Fig. 1) and 
concurrently adminis- 
tered 4 nmol of anti- 
sense or sense oligonu- 
cleotides to the PR 

20 t 
Vehicle O + - 
P - 
Antisense - 
Sense - 

Apornorphine - 

V + + f f + f f + Vehicle f + + + + - + + +  E - 
- + + + - - - -  p - 
- - + - - - + -  
- - -  Antisense - + - -  
- - - -  + + ; I Sense - 

SKF 38393 - 

mRNA in saline. Twenty-four hours later the oligonucleotide treatment was repeated. Apomorphine 
or SKF 38393 in saline was administered by icv injection at a dose of I00 ng 48 hours after E-priming. The 
sexual behavior of female rats was observed and scored as described (28). The antisense and sense 
oligonucleotides used in these experiments were to the PR mRNA sequence '5'-TGTTGTCCCCGCT- 
CATGAGC-3'. Another set of oligonucleotides to the sequence in the PR mRNA 5'-CCCGCTCATGAGC- 
CGGCCAG-3' gave similar results. All oligonucieotides were directed against sequences around the 
translational initiation region of the rat PR mRNA. Statistical analysis was done as described (29). 
Statistically significant (P < 0.05) differences in P-, apomorphine-, or SKF 38393-facilitated lordosis were 
evident in animals that received antisense oligonucleotides compared with those that did not. Sense 
oligonucleotides had no significant effect (P > 0.05) on P-, apomorphine-, or SKF 38393-facilitated 
lordosis (n = 6 in every group). 

to PR suppressed lordosis initiated either by 
P or apomorphine (Fig. 3A). In contrast, 
control animals that received sense oligo- 
nucleotides to PR responded to either P or 
apomorphine. In an identical experimental 
paradigm, icv administration of the selec- 
tive Dl agonist SKF 38393 also induced 
lordosis that was blocked by antisense, but 
not sense, oligonucleotides to PR (Fig. 3B). 
These results were confirmed with two sep- 
arate sets of oligonucleotides to PR mRNA 
and their matched sense oligonucleotide 
controls. 

T o  demonstrate that icv administration 
of antisense oligonucleotides to PR mRNA 
reduced the amount of PR in the rat hypo- 
thalamus, we measured the amount of cel- 
lular PR in the mediobasal hypothalamus of 
E-primed animals that received antisense or 
sense oligonucleotides (4 nmol) to PR 
mRNA 48 hours after E-priming (24). Al- 
though E-priming induced a 2.6-fold in- 
crease in PR concentration compared with 
that in untreated animals, administration of 
PR antisense oligonucleotides reduced the 
E-induced PR concentration by 52.2%. The 
control PR sense oligonucleotides had no  
significant effect (25). Lordosis was abol- 

and neurotransmitters can control sexual 
behavior. Dopamine regulation of lordosis, 
which also requires activation of intracellu- 
lar PR, suggests that dopamine induces a 
ligand-independent activation of PR. This 
dual mechanism for activating steroid hor- 
mone receptors may represent an important 
physiological communication mechanism 
by which'neurotransmitters can affect ste- 
roid receptor-dependent gene transcription 
through events initiated at their cell mem- 
brane receplors. 

Regulation of gene expression by means 
of cross-talk between membrane receptors 
for neurotransmitters and intracellular ste- 
roid receptors could be a general aspect of 
integration of neural information in the 
neuroendocrine system. The operation of 
such a mechanism could provide a means by 
which neuronal responses to environmen- 
tal, behavioral, or emotional events could 
selectively alter steroid effects on behavior 
and physiology. 
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mounts. Each group consisted of six animals, and 
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compounds. The effects of the compounds were not 
transient, because identical results were obtained at 
30 min and at 3 hours after infusion. 
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Accounting for Endothermy in Fishes 

A basic premise of the recent article by B. 
A. Block et al. (1 ) is that a molecular ~ h v -  

L ,  

logeny of scombroid fishes provides novel 
insight into the evolution of endothermy in 
fishes. Specifically, nucleotide sequence 
data from a  ort ti on of the mitochondria1 
cytochrome b gene were used to infer multi- 
ple origins of endothermy-in billfishes, 
butterflv mackerel and tunas-and to hv- 
vothesize selective, causative forces. Block 
i t  al. note that two recent hypotheses based 
on morphological data (2,  3) differ in the 
  la cement of the butterflv mackerel and 
billfishes. "taxa that are kev to the studv of 
the evol'ution of endotheimy within ;he 
suborder" and state that "[iln an attempt to 
resolve these relationships, we have pro- 
duced a hypothesis of scombroid phylogeny 
based on molecular data" (1, v. 212). . . A  

We contend that the molecular phylog- 
eny infers nothing new about the number of 
origins of endothermy in scombroid fishes. 
Desvite their differences, both of the hv- 
potheses based on morphology and that 
based on cytochrome b require three origins 
of endothermy (Fig. 1). The strategies for 
elevating body temperature in the three 
endothermic groups are strikingly different 
(4), and we perceive no arrangement of 
taxa in which a hypothesis of one (or two) 
origins of endothermy would be more par- 
simonious than one requiring three. For 
example, a single-origin hypothesis of en- 
dothermv in the form of a brain heater 
derived from the su~erior  rectus muscle in 
the ancestor of biilfishes and scombrids 
(Fig. 1A) not only requires the loss of the 
condition in "other scombrids" and "boni- 
tos." but the conversion of the lateral rectus 
eye muscle in the butterfly mackerel to a 
biain heater, and finally the evolution of a 
"whole body" form of endothermy in the 
tunas produced by countercurrent mecha- 
nisms (as opposed to thermogenic organ) in 

the brain. muscle. and viscera. Block et al. 
(1) note ;hat despite their derivation from 
different muscles, the thermogenic organs 
of billfishes and butterfly mackerel could be 
homologous, citing evidence of structural 
and biochemical similaritv (5). But even in , . .  
the absence of morphological and physio- 
logical data that suggest the three types of 
endothermy are nonhomologous, a hypoth- 
esis of independent origins requires the few- 
est evolutionary steps (three as opposed to a 
minimum'of four, Fig. 1). 

Hypothetically, it would be equally par- 
simonious to propose (i) a single origin of 
endothermy (in any of the three forms) 
with subsequent modifications and (ii) in- 
dependent origins only if billfishes, tunas, 
and butterfly mackerel form a monophyletic 
group. Likewise, a sister-group relationship 
between any two of the endothermic taxa 
would render a double-origin hypothesis as 
likely as one requiring three events. None 
of those clades has been proposed, and thus 
the hypothesis of independent origins goes 
unchallenged. The cladograms based on 
morphology are derived mostly from char- 
acters independent of endothermy, and ex- 
clusioh of the one endothermy character in 
each hypothesis does not affect the topolo- 
gy. In summary, the morphological data 
clearly suggest three origins of endothermy. 

Block et al. (1) state that the molecular 
data are important because they provide in- 
formation about the affinities of billfishes and 
butterflv mackerel. However, none of the six 
nodes that determine the Dlacement of but- 
terfly mackerel in their ph$ogeny [figure 2 in 
(1 )] was supported in greater than 50% of 300 
replications of the bootstrap calculation (1, p. 
212). The molecular data also provide little 
evidence for the clade comprising endother- 
mic tunas, the monophyly of which has not 
been auestioned. 

In a comparative review of recent studies 

Fig. 1. Simplified versions of three recently pro- 
posed phylogenies of scombroid fishes. (A) and 
(B) are based on morphology (2 and 3, respective- 
ly) and (C) on sequences of a portion of the mito- 
chondrial cytochrome b gene (1 ) .  CE1, cranial en- 
dothermy by a thermogenic organ derived from 
superior rectus eye muscle fibers; CE2, cranial 
endothermy by a thermogenic organ derived from 
lateral rectus eye muscle fibers; CC, whole body 
endothermy by counter-current heat exchangers 
in the brain, muscle, and viscera. 

based on morphological or on molecular 
data, Patterson et al. (6, p. 179) found that 
"[c]ongruence between molecular phylog- 
enies is as elusive as it is in morphology and 
as it is between molecules and morpholo- 
gy." In the absence of additional hypotheses 
of scombroid phylogeny based on molecular 
data, it is premature to suggest the cyto- 
chrome b data have "resolved" scombroid 
relationships. One potential problem is that 
addition of taxa in molecular phylogenies 
often leads to decreased support for a pre- 
viously preferred cladogram (6). The studies 
based on morphology included examination 
of all scombroid genera, whereas that based 
on molecular data (1) was limited to repre- 
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