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Abstmct - Camposroma anomalum, Rhinichfhys carafecfae and their F, hybrids were examined electrophoretically for 44 
enzymatic loci, general muscle, and serum proteins. Ot the 44 loci scored, acid phosphatase (ACP-B), alkaline phosphatase 
IAKP-AI, esterase (EST-B), a-glycerophosphate dehydrogenase IGPD-A), malate dehydrogenase (MDH-Al and phospho- 
glucomutase (PGM-Al showed hybrid inheritance patterns. Serum proteins also demonstrated additive inheritance patterns, 
comprising 15 serum proteins in the parents and 18 in the F, hybrid. Banding patterns tar all mixtures of parental species were 
identical to those observed in the hybrid. 

lnbodUCtlOll 
Both meristic and biochemical analyses may be 
used to confirm hybridization in fishes. Hubbs Ill in 
his erudite discussion of hybridization commented 
on the rule that natural interspecific hybrids 
demonstrate intermediate meristic characters 
between their parental species. This intermediacy 
may range over characters as diverse as shape, 
color, structure, or number of anatomical features. 
Recognizing hybrids becomes increasingly difficult 
as morphological similarities between the parents 
increases [21. When hybrids are morphologically 
quite similar, this may lead to misidentification of 
hybrids and/or their parents. Morphological 
intermediacy does not necessarily indicate hybrid 
origin; one species may be intermediate to two 
others merely asa result of stochasticselection 121. 

Biochemical characters for’hybrids also tend to 
show intermediate inheritance patterns for protein 
systems distinct for the parental species [21. This 
additive effect occurs when homologous proteins 
from the two parental species differ electro- 
phoretically. When this occurs the hybrid usually 
inherits both isozymes from the parents via simple 
Mendelian inheritance, thus becoming hetero- 
zygous. 

lntrageneric and intergeneric hybrids are well 
known in the freshwater fish family Cyprinidae, 
including the genera Campostoma and 
Rhinichthys 131. Primarily found in streams with 
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moderate to swift currents over gravel substrates, 
Campastoma anomabm (stoneroller) and 
Rhinichthys cataractae (longnose da& hybridize 
naturally i3-81. Schwartz [31 listed 10 hybrid cases 
between Campostoma anomalum and other 
cyprinids and 11 examples of Rhinichthys cata- 
ractae hybridization. Many cyprinid hybrids occur 
from concurrent spawning activity of parental 
species over Nocqmis nests [l ,7,81. For a discus- 
sion of hybridization in fishes, see Hubbs Ill and 
Stauffer eta/. 191. 

This paper describes biochemical analyses of 
Campostoma anomalum, Rhinichthys cataractae 
and their hybrid offspring from the Cheat River 
drainageof West Virginia. 

Rssutts 
Each specimen (37 individuals) was analysed for 
gene products of 44 loci resolving 86 enzymatic 
alleles (Table 1). A total of four soluble muscle 
proteins was consistently observed on isoelectric 
focusing gels for the stoneroller, longnose date 
and their hybrid. On gradient slab acrylamide gels, 
all muscle proteins were identical among all of the 
samples. Fifteen serum proteins were distinctly 
observed for both stoneroller and longnose date, 
but 18 serum proteins appeared in electrophero- 
grams (gradient slab acrylamide) of the hybrid 
(Fig. 1). 

Of the44enzyme loci scored, six (ACP-B, AKP- 
A, EST-B, GPDH-A, MDH-A and PGM-A) 
showed hybrid inheritance patterns (Fig. 2). These 
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TABLE 1. ENZYME SYSTEMS EXAMINED 

No. ot Ret to 
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Glutamate-oxaloacetate 
transaminase 2.6.1.1 

a_Glycerophosphate 
dehydrogenase 1.1.1.6 

Hexokinase 2.7.1.1 

Lactate dehydrogenase 1.1.1.27 

Leucine aminopeptldase 3.4.1 1 

Malate dehydrogenase 1.1 1.37 
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FIG. 1. SERUM PROTEINS OF CAMFOSTOMA ANOMALUM (Cl. 
RHINICHTHYSCATARACTAEtRI AND THEIR HYBRID (HI. 
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inheritance patterns were always additive (and, 
thus, intermediate) in that if the two parental 
species had distinct alleles occurring at a locus, 
then the hybrid expressed both alleles (Fig. 2). In all 
cases, the hybrid pattern was identical to the 
enzyme pattern obtained by mixing samples from 
the two parental species. 

Serum protein patterns of the stoneroller, 
longnose date and their hybrid were separated into 
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FIG. 2. ELECTROPHORETIC MOBILITIES OF ENZYMES AMONG 
RHINICHTHYS CAlARACTAE IFi), MIXTURE (Ml OF RHINICHTHYS 
CATARAClAE AND CAMFOSTOMA ANOMALUM AND THE 
HYBRID (HI OF CAMFOSTOMA ANOMALUM(C) 
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seven distinct and easily storable regions (Fig. 1). 
No attempt was made to assign the occurrence of 
a serum protein with a presumed loci, rather 
regions of similar electrophoretic mobility and 
density were examined. Many minor bands were 
also observed, but scoring was difficult for these 
serum proteins. Of the seven regions (Fig. I), 
additive inheritance patterns were cjbserved in 
regions 2, 3, 5 and 6. In region 5 (Fig. I), the 
additive pattern appeared as a wider and denser 
serum protein. 

Diiwssion 
The hybrid between Campostoma anomalum and 
Rhinichthys cataractae showed molecular inheri- 
tance patterns for 6 of 44 enzymatic loci, 0 of 4 
muscle proteins, and 4 of 7 serum protein regions 
consisting of 15 serum proteins for both parents 
and 18 for the hybrid. The hybrid is most readily 
identified by the array of serum proteins in regions 
2 and 5 (Fig. I). Four enzymes, ACP, EST, MDH 
and PGM, most clearly distinguish the hybrid from 
the parental species. Banding patterns for all 
mixtures of parental proteins were identical to 
those observed in the hybrid. 

For freshwater fishes, similar results were 
obtained for centrarchid hybrids [IO-121, which 
exhibited similar biochemical intermediacy as 
obtained in this study. In the Percidae, additive 
effects in muscle myogen patterns between 
johnny Etheostoma nigrum) and tessellated (E. 
oknstedd darters facilitated identification of hybrids 
1131. Electrophoretic separation of MDH [I43 
discriminated walleye (Stizostedion vitreum) x 
sauger (S. canadense) hybrids from their parents. 
Salmonid hybrids [15-171 have also demonstrated 
additive inheritance patterns electrophoretically. 

Similar results have also been reported in other 
cyprinid crosses, such as Richardsonius balte- 
a tus x M ylocheilus caurinum I21, Notropk 
cerasinus x Notrvpis cornutus [I81 and hybrids of 
Abramis brama, Rutilus rutik and Scardinus 
erythrophthalmus [19,201. Inheritance patterns of 
LDH between Rhinichthys atratulus a d R. catar- 
actae were used to readily identify the F aboratory 
produced hybrid by Claytori and Gee 1211. 

Natural hybrids may demonstrate both pheno- 
typic and genotypic intermediacy. Hubbs [I] 
reported that the vast majority of hybrids possess 
character indices whose values are intermediate 
between those of their parental forms. Characters 
of the hybrid may also lie outside the parental 
forms. This phenomenon, termed luxuriance, is 
brought about by complementary action of genes 
found in the parental species 122-241. Reish et a/. 
(unpublished data), using principal component 

analysis, discriminate analysis and a hybrid index, 
determined eight morphometric and meristic 
characters for recognizing possible hybrid Campo- 
stoma anomalum x Rhinichthys cataractae. Cal- 
culation of a hybrid index yielded a value of 
54.14. Thesingle hybridspecimen they reported on 
had a frenum, lacked barbels, possessed a 
cartilagenous lower lip, had a pharyngeal tooth 
count of 1, 4-4, 0, and the scales and intestine 
were intermediate to the parental forms. Our 
results support those of Reish et al. (unpublished 
data). 

It appears that a common feature of molecular 
inheritance in hybrid freshwater fishes is the 
additive properties of enzymes, serum and muscle 
proteins. All of the work in the previously cited 
papers illustrated the additive nature of molecular 
hybridization when parental alleles were distinct. 
Indeed, addition facilitated the identification of 
suspected hybridization in several cases. 

lsozyme variability of both parents, Campo- 
stoma anomalum [25,261 and Rhinichthys 
cataractae [271, has been investigated. C. 
anomalum was found by Bulb and Burr 1251 to 
have a mean heterozygosity (HI of 6.3% of its loci 
and 19.7% of the loci were polymorphic in eight 
populations. Zimmerman et a_!. [261 agreed with 
Buth and Burr [251 finding a Hof 6.4% of its loci, 
but found a significantly higher polymorphic value 
of 35% for populations. Both investigators found 
that heterozygosity values had a wide range of 
variability for different populations. Merritt et a/. 
1271 reported that R. cataractae had a slightly lower 
Hof 5.4% of its loci and 15% polymorphism for 13 
populations. The Connecticut River system’s 
heterozygosity was found to vary with latitude, 
with the northern populations having the higher 
values [271. 

C. anomalum and R. cataractae are widespread 
throughout much of North America, with the latter 
having a slightly larger range (see Lee et al. [281). 
Overlap of ranges, similar habitat requirements, 
and concurrent spawning over Nocomis nests 181 
may be responsible for the hybridization of these 
species. It is concluded from electrophoretic 
information that hybrids collected are indeed 
Campostoma anomalum x Rhinichthys cataractae. 
In all cases hybrid banding patterns were identified 
to the mixture of both parental tissues. Review of 
the literature on hybridization of fishes by 
numerous investigators shows that electrophoretic 
patterns are inherited from both parents and are 
additive. 

Experimental 
Fsh were collected from Horseshoe Run, Tucker County, 

West Vlrglnia. along State Route 7 at distances 2.1 and 6.5 
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krlometers upstream from the confluence with the Cheat 

River Samples were collected by herdrng fish downstream 

Into a 1 5 x 3.0 m x 0.32 cm common serne wrth an electro- 

shocking (220 DC) unit. Fish were removed carefully from 

the serne and placed into 200 I plasttc contarners frtted wrth 
standard aquanum filtratron-aeration systems and trans- 

ported back to the laboratory, where they were held at 18°C 
for 5 days. 

Love hybrids were rdentrfred by companng them to exrstrng 

preserved specimens located in the Frsh Museum at the 

Appalachran Envtronmental Laboratory (AELI. To assrst rn 
confrrmatton of rdentificatron, Intestinal corlrng was also 

compared wrth preserved specrmens after the love specrmens 

had been krlled for assay; Intermediate intestine coiling 

occurs In thus hybnd combrnatron as compared to the 
herbrvorous C anomalum (long coiled Intestine) and the 

omnivorous R. cataracrae (short s-shaped rntestrne). 

A total of 15 stoneroilers, 15 longnose date and 7 hybnds 
was examined electrophoretrcally. Muscle tissue was drs- 

sected from the two species and each hybrid. Equal parts of 

muscle and dtstrlled water were homogenrzed using a ground 

glass tissue grinder; the homogenate was centrifuged at 

1600 g for 15 min. The supernatant was used for rsoelectrrc 

focusing and gradtent slab acrylamtde electrophoresrs. 
Blood was collected by insertron of an unhepannrzed 

capillary tube directly tnto the heart. The caprllary tube was 

centrifuged at 5500 g for 15 min followed by serum removal 

All sampleswere run fresh orstoredat - 80°C beforeanalysis 
Specimens were not stored longer than 6 months 

lsoelectnc focusing was performed on precast LKB slab 

acrvlamrde gels of pH ranges 3.5-9.5 (buffer system -anode 

1 M H3P04, cathode 1 M NaOH) and 5.5-8.5 (buffer 

system-anode 0.4 M HEPES, cathode 0.1 M NaOH). An 

LKB electrophoresrs chamber and Pharmacia EPA 500/400 

power supply were used for rsoelectnc focusrng runs at 200 V 
(Initial, 50 mA) to 300 V (final, 6 mA) for 3 h. Precast Phar- 

macra acrylamtde gradient gels (430% 1 were used for serum 

and muscle protern electrophoresrs. A Pharmacra GE4 II 

chamber and EPS 500/400 power supply were used for 

electrophoresrs at 75 V trnrtral, 75 mAl and 1OOV (final, 80mA) 

for 18 h The buffer system was 0 09 M Tns-0.08 M 

borate-O.003 M Na*EDTA, pH 8 35. 
General serum and muscle proteins were starned wrth 0.7% 

Buffalo Black NBR In 7% acetrc acid for 3-4 h. Destarnrng 
was accomplished usrng successive changes of 7% acetrc 

acid lsozyme starnrng technrques are lrsted In Table 1 

Both parental species, the hybnd and an equal mixture of 

the parental species were used during each electrophoretrc 
run Saturated wrcks were used for applicatton of samples 

onto the rsoelectnc focusing gels For gradrent gels, 4 ~1 of 
serum and 20 ~1 of muscle homogenate were Inserted Into 

sample wells Hrstochemrcal stainrng procedures followed 

those described rn the lrterature 129-331 ( Table 1) 
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