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NATURAL VARIATION IN THE BLOOD PROTEINS
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Abstract: Starch gel electrophoretic patterns of blood from 200 white-tailed deer (Odocoileus virginia-
nus), mostly from the DeSoto Bend area of the Missouri River on the Towa—Nebraska border, disclosed
two hemoglobin patterns and three presumed transferrin patterns which were compared with each other
and with sex and age. This technique disclosed presumptive genetic variation and might be used with
blood grouping or alone to characterize different populations of one species or even to estimate mixtures

of stocks.

To test the feasibility of identifying pos-
sible strains or subspecies of deer, the tech-
nique of starch gel electrophoresis was ap-
plied to 200 blood samples collected for
other purposes from wild white-tailed deer
in December of 1962 and 1963. The hori-
zontal starch gel electrophoresis was used
as described and demonstrated by Mikael
Braend to the senior author (1962); it much
resembled the method of Smithies (1955)
and Poulik (1957). Another detailed de-
scription of the technique is given by Man-
well (1963).

Almost all parts of the serum as well as
the hemoglobin (Ingram 1963) can show
patterns which vary among individuals
within a species, prealbumins (pre), Krist-
jansson (1963), Shreffler (1964 ); albumins,
Braend (1964), Desborough and Irwin

(1964 ); postalbumins (pa), Gahne (1963); °

beta globulins or transferrins (Tf), Smith-
ies (1955), Parker and Bearn (1962), and
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Braend and Stormont (1964); and hapto-
globins (Hp), Giblett (1961).

Genetic studies of these variations wher-
ever made so far have shown simple, or
reasonably simple, hereditary control (co-
dominance of alleles at one or two loci for
each category of variation, Smithies and
Hickman (1958), Popp (1963), and pre-
viously cited references). One may as-
sume, even in the absence of family data,
that similar variation disclosed in related
species is likely to have a simple genetic
control.

Besides disclosing presumptive genetic
variation in wild species of animals, such
techniques, used with blood grouping
(Marr and Sprague 1963) or alone, might
enable one to characterize different pop-
ulations (strains or subspecies) of one spe-
cies and even to estimate mixtures of stocks.

Deer blood from four geographical areas
was checked. Most samples, however, came
from the DeSoto Bend area of the Missouri
River. Deer from this area may be of the
subspecies O. v. dacotensis, since deer rein-
troduced into this area are reported to have
been secured from northwestern Nebraska
in the 1880’s. Samples from northeast Towa
(Lansing) are likely to be of the northern
variety (O. v. borealis); the samples from
Lucas County in south-central Iowa and
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deer.

Fig. 1. Hemoglobin patterns in starch gel electrophoresis of 11 white-tailed deer with a cattle-type A control on the end.
The seventh deer sample shows one band, but the other deer have at least two bands.

from Burlington may be a mixture of the
two above-mentioned subspecies. The sub-
species O. v. texanus, which also ranged to
or into southwestern Iowa in presettlement
times, is believed to have been completely
eliminated from the state.

For assistance in collecting samples of
deer blood in the field, the writers are in-
debted to wildlife students at Iowa State
University: Dale Hein, Paul Vohs, Hallett
Harris, David Lyon, David Trauger, and
Ron Schara.

METHODS

The erythrocytes from the deer were ob-
tained from clots in the 1962 sample and
from citrated whole blood samples in the
1963 sample. The samples of red cells were
washed in 10 volumes of saline three times
and lysed by distilled water to form a 10-
20 percent suspension by volume. The sam-
ples were frozen to complete the lysis and
for storage.

The sex and age of the hunter-killed deer
were recorded at the time the blood sam-
ples were collected at the field checking
stations. Most blood samples were taken
directly from the dorsal aorta by means of
a hypodermic syringe at the time of clean-
ing the animal. Many of the 1962 samples,

however, were secured by dipping a vial
into the abdominal cavity to obtain blood
which had collected there as a result of the
bullet wound. Most of the samples were
collected in severe freezing weather and
many red cells lysed, which permitted the
combining of hemoglobin with the hapto-
globin (Harris 1959). Further, many of the
1962 samples had bacterial growth before
the study was started. The only hemoglo-
bin samples used, however, were those
whose source red cells were readily washed
clear, and the only transferrin patterns used
were those not obscured by hemoglobin.
Sex and age data were not available for a
few of the animals from which blood sam-
ples were secured. Therefore, it was not
possible to cross-compare all Hb and Tf
types with sex and age.

RESULTS

Two patterns of hemoglobin bands were
evident as well as three presumed transfer-
rin band patterns. Possible differences in
the albumins and haptoglobins were not
satisfactorily resolved by the present tech-
nique or by preliminary efforts using the
technique of Smithies (1959).

Most of the deer tested showed two
hemoglobin bands. The more rapidly mov-
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Fig. 2. Serum patterns in starch gel electrophoresis of 11 white-tailed deer with a cattle-type AB hemoglobin control on
the end. Seven deer samples show three transferrin bands, and four show two transferrin bands.

ing band stained heavily and moved faster
than the cattle A band but slower than the
cattle B band. The slower, more weakly
staining Hb band of deer moved at the
same rate as the cattle A band. Fig. 1is a
photograph of a gel of 11 deer Hb samples
and, on the right end, a cattle A type con-
trol. Ninety percent of the 1962 sample
and 85 percent of the 1963 sample have
this 2-band type. In Fig. 1, the seventh
deer sample exhibits only the heavier,
faster band, as did the remaining 10-15
percent which lacked the weaker band.

The presumed transferrins were identi-
fied only by comparison with those of cat-
tle rather than by direct determination
(Mueller et al. 1962).

The transferrin types were either 2- or 3-
band types. The third band, when it oc-
curred, was the slowest. The two more
rapidly moving bands were the same in all
samples (Fig. 2). Sixty-three percent of
the 1962 collection had only the 2 Tf bands,

while only 48 percent of the 1963 collection
showed them.

Test gels were repeated for most of the
samples. Certain dubious samples, two in
the 1962 material and five in the 1963 col-
lection, were retested together and found
to have essentially a 2-band type equal to
the slowest two bands of the 3-band type,
although a faint band in the first position
was still evident. These rare types, scat-
tered through the other types in the gels,
were easily confused with the 3-band type.
These seven slow 2-band types are omitted
from the tables. No correlation with sex,
age, or hemoglobin was noted for these
seven samples.

The deer transferrin bands traveled at
the same rate as the cattle A type hemoglo-
bin. When compared with the cattle Tf
types (Smithies and Hickman 1958), the
deer bands are slightly faster than the cat-
tle A type. That is, if the three bands of
deer are compared with the fastest three
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Table 1. Relationship of types of hemoglobin to sex of
deer (determination by starch gel electrophoreses) from a
total of 188 deer. Wiﬂﬁn parentheses, italicized numbers =

1962 data, nonitalicized numbers = 1963 data.

Two BaNDs ONE BAND
33 (45 +29) =74 (24+3)= 5
?9Q (57 4+ 35) =92 (948) =17

bands of cattle (type A), the first deer
band is slightly ahead of the first cattle
band, the second deer band is slightly
ahead of the second cattle band, and the
third deer band is slightly ahead of the
third cattle band.

Tables 1 through 6 compare the hemo-
globin and transferrin bands and the sex
and age data. In spite of two or three
trends, none of the comparisons shows sig-
nificant association in these samples.

Very recently we received blood samples
from two female elk at the Fort Niobrara
National Wildlife Refuge in Nebraska.
Both samples of the elk hemoglobin con-
sisted of a single band slightly slower than
the B band of cattle but faster than the
deer type III band in our electrophoretic
setup. One elk had two Tf bands appar-
ently equal to the fastest moving white-
tailed deer bands, type A. The other elk
had three Tf bands, two of which paral-
leled deer type A with the third band sim-
ilarly spaced but faster.

DISCUSSION

Cowan and Johnston (1962) noted that
does of white-tailed and black-tailed deer
had lower albumin amounts than bucks.

Table 2. Relationship of transferrin types in deer as com-
pared with sex, from a total of 150 deer.
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Such sexual variation was not checked in
this study.

At the time this report was in prepara-
tion, Weisberger (1964) reported four he-
moglobin components in samples from five
white-tailed deer, one of which was asso-
ciated with sickling; and Kitchen et al.
(1964) published a report on the hemoglo-
bin of 600 field samples of Florida deer.
The latter authors also noted the prevalent
sickling of erythrocytes of deer (not stud-
ied in the present report). Further, they
noted seven gel electrophoretic patterns,
components, or types of hemoglobin, while
only two types were disclosed in Iowa deer
by the present method.

Apparently, Towa deer have types I-III
and III of the designation by Kitchen et al.
(1964). Six of our samples tested by
Kitchen paralleled his indicated types
(Personal communication). However, they
noted types II-III and III were nearly in-
distinguishable unless agar gel was used.
Therefore, type I-II-III might be present
in other samples reported here. The other
types were present in low frequency and
might be absent in our samples by chance
or by population differences. The fre-
quency of the Florida types I-II, I-III,
and I-II-III, combined, is 87.4 percent
which is indistinguishable from our 85-90
percent 2-band frequency.

Before publication of the article by
Kitchen et al. (1964), we were calling our
hemoglobin types AB and B in comparison
to the cattle Hb types (Bangham 1957),
but the Roman-numeral nomenclature
stands by precedence. Gerald and Ingram’s

Table 3. Relationship of hemoglobin types and transferrin
types in deer from a total of 124 deer.

Two BaNDs THREE BANDS
TfA TfAC TfA TfAC
33 (22 420) =42 (11 411) =22 2-band Hb (40 + 26) — 66 (18 4+ 23) =41
29 (26 +19) = 45 (15+4+26) =41 1-band Hb ( 3+ 6)= 9 (34 5)= 8
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(1961) recommendations for nomenclature
for human material (requiring chemical
identification and previous designation)
are of little help in the present situation.

Kitchen et al. (1964) assigned no gene
symbols, probably because their paper did
not report family data. They also did not re-
port the serum types noted in the present
study. The serum types of deer by analogy
with those of cattle (Smithies and Hick-
man 1958, Braend et al. 1962) could be
called types A (the two faster bands) and
AC (three bands), and C (the two slower
bands).

Family data are not available in this deer
material. Nevertheless, reasoning by anal-
ogy to cattle transferrins, one may assume
the genes responsible for the two transfer-
rin phenotypes are codominant. The gene
Tf* (0.777 frequency) may control the
faster 2-band transferrin pattern, and gene
TfC (0.223 frequency) may control the two
slower bands, one equal to (held in com-
mon with) the slower of the bands con-
trolled by Tf* and one new band still
slower. Then, the frequent 2-transferrin-
band phenotype represents the homozygote
TfA/Tf>. The 3-transferrin-band pheno-
type represents the heterozygote Tf*/Tf°,
and the more rare, slower 2-transferrin-band
phenotype represents the homozygote Tf¢/
TfC. The expected number in the latter
category in 150 random samples would be
5 or 7 percent, agreeing well with the ob-
served 7 percent.

Table 4. Sex and age composition of whitetails studied
for blood variation, from a total of 182 deer.
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Table 5. Occurrence of hemoglobin types compared with
age, from a total of 178 deer.

Two BaNDs ONE BAND
Fawn
(6 months) (44 +24) =68 (3+4)= T
1%%—-2Y%
years (22 4+ 20) = 42 (545)=10
3%-10 +
years (284+18) =46 (3+2)= 5

Species comparisons with mule deer and
elk are desirable as given by Harris and
Warren (1955) for sheep and goats and by
Vella (1958) for Bos banteng and Bubalus
bubalis (see also Lillevik and Schloemer
1961). Braend (1962) studied the serum
proteins of 27 Norwegian elk (Alces alces)
but found no individual variation. In a
study of 132 reindeer, however, Braend
(1964:674) did find transferrin variation
which fits the assumption that they were
controlled by six codominant autosomal al-
leles. Further, he noticed faint bands in
front of some types much like our type C.

Subspecies or racial comparisons, too, are
pertinent (Sutton et al. 1956:1287). Per-
haps additional study will show the two
subspecies of white-tailed deer (O. v. dacot-
ensis and borealis) to differ from each other
and perhaps from other subpecies in the
South. Tracing deer origins, as was done
for Icelandic cattle by Braend et al. (1962),
may be feasible.

Blood types of deer have been studied by
the senior author at the University of Wis-

Table 6. Occurrence of transferrin types compared with
age, from a total of 145 deer.

34 29 s ) e
Fawn Fawn
(6 months) (21 + 9) =30 (22 4+19) =41 (6 months) (19 + 14) =33 (11 417) =28
114-2Y% 116-2%
years (12 4+10) =22 (16 4 14) =30 years (14 +14) =28 ( 9+410) =19
3%-10 + 314-8%
years (12410) =22 (284 9) =37 years (12+11)=23 (5+ 9)=14
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consin with W. H. Stone and at the Uni-
versity of California with W. M. Long-
hurst; all data are unpublished. With lectin
studies (Miller and McKeever 1964 ), these
would add to the knowledge of heritable
natural variation occurring in deer blood.
A start in this direction has been made with
the Towa samples by the first author. Fur-
ther studies are intended before reporting
that material.
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