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SYSTEMATIC ZOOLOGY

Chromatographic Evidence of

Intras];)ecific Genetic Ditferences in the

Eastern Oyster, Crassostrea virginica

Introduction

The possibility of there being local ge-
netic races of the Eastern Opyster, Cras-
sostrea virginica, was first mentioned by
Coe (1934) in relation to the alternation of
sexuality in oysters. Following Coe’s state-
ment, the existence of such races was only
speculated upon ( Coe, 1938; Loosanoff and
Engle, 1942; Nelson, 1947; Loosanoff and
Tommers, 1948; Stauber, 1947, 1950) until
Loosanoff and Nomejko (1951) demon-
strated differences in spawning reactions in
relation to temperature among certain
stocks of oysters held in Long Island Sound.
They regarded these results as conclusive
evidence of the existence of physiological
races among oysters. Although there is some
objection to this conclusion (Ingle, 1951),
it is now generally conceded (Korringa,
1952; Nelson, 1957; Loosanoff, 1960, 1962)
that there are races of oysters which differ
in their responses to environmental stimuli.

Although differences in response to the
environment have been shown, actual ge-
netic differences among stocks of American
oysters have never been demonstrated.
Imai and Sakai (1961), however, have pro-
duced hybrids among populations of the
Japanese oyster, C. gigas. One technique
that has been used recently to show genetic
differences in closely related species of
mollusks (Kirk et al., 1954; Wright, 1959;
Collyer, 1961) is paper partition chro-
matography. The use of this technique for
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demonstrating genetic differences in oysters
and other shellfish was suggested by
Loosanoff (1960).

It is generally accepted that each species
produces its own characteristic chromato-
graphic pattern of free amino acids ( Collyer,
1961), although it is known that individuals
of the same species do not always produce
exactly the same pattern. Schafer (1961)
showed that pollution in the environment
produced variations in the free amino acid
patterns of two marine invertebrates. Dif-
ferent tissues from the same organism can
produce different patterns, and Wright
(1959) has described a seasonal variation
in the chromatographic pattern of Lymnaea
palustris bred in the laboratory. It is be-
lieved, however, that the pattern produced
by any given set of conditions is genetically
controlled.

For the purpose of this problem it was
assumed that if each species could evolve
a characteristic, free amino acid pattern,
then isolated populations of the same spe-
cies would also be able to evolve, even-
tually, a pattern characteristic of that pop-
ulation. This assumption was tested by
using two stocks of oysters from widely
separated geographic areas—Long Island
Sound and James River, Virginia. “Seed”
oysters from these populations were im-
ported by the Chesapeake Biological Lab-
oratory in the early spring of 1962 and held
side by side in aquaria supplied with run-
ning seawater from the Patuxent River.
This paper describes the results of the
chromatographic determinations of patterns
of free amino acids or small peptides in
these two populations.
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Materials and Methods

The two groups of oysters used in this
study were indigenous to Long Island
~ Sound and James River, Virginia, respec-
tively. They have been held in running
seawater in indoor aquaria since the spring
of 1962. All oysters used were under 3
inches in greatest length. Random cyto-
logical examinations of the stocks failed to
reveal any females. To insure against in-
fluence from variations within an aquarium,
experimental oysters from each stock were
held simultaneously in the same tray for
several days prior to a chromatographic
determination,

Several different papers were used in
the early stages of the experiment, but
Whatman No. 1 proved to be most satis-
factory and was used more often than any
of the others. Butanol : acetic acid : water
(36:4:10) and 2,6-lutidine : ethanol : wa-
ter (55:25:20) with 2 ml diethylamine
added after mixing were the solvent sys-
tems used (see Block, Durrum and Zweig,
1958).

The test materials were applied to the
paper in two ways: pressing the tissue di-
rectly into the paper (modified after
Collyer, 1961), and by applying small drops
of alcoholic extracts of the tissue.

To obtain material for pressing, oysters
were shucked by inserting an oyster knife
between the valves (left valve up) and
severing the adductor muscle from the left
valve as close to the shell as possible, leav-
ing most of the muscle with the oyster on
the right valve. The viscera were then dis-
sected from the adductor muscle, leaving
the right valve with the attached muscle.
The muscles were washed with distilled
water, and a small piece of tissue, about
1 mm3, was cut from the opaque portion
of the muscle. The tissue was gently
blotted dry on clean filter paper.

The small piece of tissue was pressed
into the prepared chromatographic paper
with a clean glass rod that had one end
melted into a small button-shaped tip. The
flattened tissue was then removed from the
paper, leaving a moist spot. At first, a

separate glass tube was used for each spot,
but there were no differences in the results
using separate tubes from those obtained
using a single tube that was rinsed be-
tween pressings. Material from the two
populations was spotted alternately on the
paper.

The paper was then air dried at room
temperature or in an oven for 1 hour at
60°C, neither method having any apparent
advantage.

To prepare alcoholic extracts, oysters
were treated as above except that the entire
opaque portion of the muscle was cut from
the right valve and placed in a small test
tube in 1 ml of 80% ethanol. The tissue was
mashed in the bottom of the test tube with
a pressing rod and allowed to stand over-
night in a refrigerator.

The alcoholic extract was drawn up in a
5-ul micropipette and applied to the paper,
keeping the spots as small as possible. In
most determinations, two 5-ul aliquots
were applied in each spot.

The material was applied 9 cm from the
end of the papers, which were 57 cm in
length. The spotted papers were replaced
in a glass chamber saturated with solvent
vapor and equilibrated for 2 hours. Solvent
was then added to a trough for descending
chromatography, and the runs were made
in the machine direction of the paper for 24
hours.

The papers were removed from the
chamber and air dried at room temperature
or in an oven at 60°C, dipped in 0.3%
ninhydrin in acetone, placed in an oven
at 60°C for 30 minutes, and stored in the
dark overnight prior to examination. No
desalting or preliminary separation of
amino acids on columns was done.

Results

Best results have been obtained on What-
man No. 1 paper run for 24 hours. From
November through the early part of De-
cember, differences between the popula-
tions could be noted on any given chromato-
gram, although it was difficult to obtain any
consistency in the patterns during this time.
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Tracing of chromatogram of 4 individuals of C. virginica from two differnt populations (J—

James River; L—Long Island Sound). Amino acids extracted with 80% ethanol. Solvent was butanol :
acetic acid : water (36 : 4 : 10). Developed in ninhydrin. Key to abbreviations on spots;: B—blue; R—

reddish-blue; P—pale pink; Y—yellowish pink.

During this period the water temperature
was dropping quite rapidly. In January,
the water temperatures remained relatively
constant, and consistent chromatograms
were obtained from that time (Figs. 1 and
2). Lutidine : ethanol : water was the only
solvent used from the beginning of Feb-
ruary.

A large spot developed near the origin
of the chromatograms run in lutidine :
ethanol. This spot may be two spots that
migrate at almost the same rate, but after
48 hours of solvent flow, it was not possible
to separate them. Both stocks used in the
study showed this spot. It was character-

ized by a reddish base and a blue flame-
shaped top when developed in ninhydrin.

Spot No. 2 (Fig. 2) is the spot which is
most consistently different between the two
stocks. In the Long Island group, this spot
was usually relatively small and blue,
whereas in the James River stock, the spot
was larger with a reddish color. It appeared
as if in the James River stock there was
either a small peptide (Fig. 2) or two spots
migrating at nearly the same rate in luti-
dine : ethanol, but it was not possible to
separate them under the experimental pro-
cedure used.

The other spots on the chromatogram
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Fic. 2. Tracing of pattern of C. virginica from Long Island Sound (L) and James River (J). Dotted
lines indicate diffuse color boundaries. Solvent was lutidine : ethanol : water (55 : 25 : 20). Developed
in ninhydrin, Material pressed into paper. Band of spots farthest from origin not shown on this tracing.



16

SYSTEMATIC ZOOLOGY

were similar between the two populations
of oysters. In general, 6 or 7 spots appeared
for each oyster, by use of the methods de-
scribed. In those chromatograms of the
James River group run in butanol : acetic
acid : water, a yellowish spot (developed
with ninhydrin) appeared, but not always
in the same place. The use of 2,6-lutidine :
ethanol : water gave the best separation
after 24 hours. At the end of this time, the
solvent front had moved off the paper.
This was allowed in order to achieve maxi-
mum separation,

Discussion

The results showed that under the con-
ditions of the experiment, there is one re-
producible difference in the free amino
acid or small peptide pattern between the
two stocks of oysters studied. It is recog-
nized that many factors such as diet, tem-
perature, and salinity will influence the
particular chromatographic pattern of an
organism like the oyster, but in view of the
consistency and reproducibility of the pat-
terns and the precautions taken to eliminate
environmental differences between the two
stocks, it is concluded that these results are
evidence of intraspecific genetic difference
between the two populations of oysters
used in the experiment.

It is reasonable to assume that the pres-
ence and kind of free amino acids in tissues
have some survival value. Kelly (1904) re-
ported considerable amounts of taurine in
the tissues of Muytilus edulis, and it has
been found in other invertebrates since that
time (Mendel, 1904; Henze, 1905; Kossel
and Edlbacher, 1915; Okuda, 1920; Acker-
mann et al., 1924; Ackermann, 1935; Lewis,
1952; Kermach et al., 1955; Simpson et al.,
1959). Camien et al. (1951) and Duchéteau
et al, (1952) have demonstrated higher
concentrations of free amino acids in ma-
rine forms than in freshwater forms.
Duchéteau and Florkin (1955) and Shaw
(1958a, 1958b, 1959) showed that the
amino acid concentration in euryhaline
crabs fluctuated in direct proportion with
salinity.

Recent studies by Simpson et al. (1959)
and Allen (1961b) and a review by Allen
(1961a) indicate that free amino acids in
aquatic invertebrates play a role in osmo-
regulation. Allen (1961b) reported that
individual amino acids in Rangia cuneata
increased in concentration as salinity in-
creased and that this increase followed a
definite pattern which was already estab-
lished prior to a change to a higher salinity.
This pattern was: alanine > glycine > glu-
tamic acid > aspartic acid, regardless of the
environment. This consistency is in itself
indicative of genetic control.

Opysters, found primarily in estuaries, are
subjected to wide ranges of salinity. An
efficient osmoregulatory mechanism would
then be of value to the oyster. Since all
estuaries differ and the salinity ranges are
not necessarily the same, it is possible that
local populations of oysters could evolve
mechanisms suitable to their particular lo-
cation. Indeed, Korringa (1952) suggests
that perhaps physiological races in regard
to salinity exist in the same sense as those
in relation to spawning temperatures.

One can go beyond the mechanism of
osmoregulation in speculating upon the
role of free amino acids in the tissues of
oysters. It may be that some of the ninhy-
drin-positive compounds which show up
chromatographically are by-products of
metabolic reactions dealing with other as-
pects of the oyster’s physiology. Since genes
exert their effects through control of me-
tabolism, the differences revealed are mani-
festations of differences in genetic control.
Besides the differences in spawning reac-
tions shown by Loosanoff and Nomejko
(1951), these metabolic differences may
also show up as variations in such factors
as growth rate, shell shape, color, and
thickness and possibly even resistance to
parasites. Loosanoff (1960) discusses sev-
eral other physiological manifestations of
genetic differences in oysters and other
shellfish.

Although it may not be possible to get
unique chromatographic patterns from all
populations of oysters because of chance
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convergence and the mixing of stocks by
commercial oystermen, it is possible to
demonstrate differences in certain local
stocks, particularly from natural oyster
grounds. A great deal more work is re-
quired in this area, especially in determin-
ing the relationship of biochemical reac-
tions to observations on growth and mor-
tality made in the field.

Summary

Paper partition chromatography revealed
a reproducible difference in the patterns of
free amino acids or small peptides between
two populations of the Eastern Oyster,
Crassostrea virginica. Because of the con-
sistency and reproducibility of the patterns,
this difference is regarded as evidence of
intraspecific genetic differences between
the two populations.
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