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Abstract: Polyacrylamide gel electrophoresis was used to analyse transferrin variation in herds of semi-domestic
reindeer from Scandinavia. The results are compared with previously reported values for other populations of
both semi-domestic and wild reindeer using the same techniques as in the present study. In all populations the
number of alleles was high, ranging from seven to eleven, and the heterozygosity was correspondingly high,
with a mean of 0.749. This high genetic variation in all populations suggests that inbreeding is not widespread
among Scandinavian reindeer. The pattern of allele frequency distribution indicates a high degree of genetic
heterogeneity in the transferrin locus, both between the different semi-domestic herds and between the different
wild populations. The mean value of genetic distance was 0.069 between semi-domestic herds and 0.091 between
wild populations. Between semi-domestic and wild populations the genetic distance was particularly high, with
amean of 0.188. This high value was mainly due to a different pattern in the distribution of the two most common
transferrin alleles: Tf¢ was most common among semi-domestic herds, while 7f* was most common among
wild populatlons These differences in transferrin allele distribution are discussed in relation to possible different
origins of semi-domestic and wild reindeer in Scandinavia, or alternatively, to different selection forces acting
on transferrin genotypes in semi-domestic and wild populations.
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Sammendrag: Transferrin-variasjon i tamreinflokker ble analysert ved hjelp av polyacrylamid gel elektroforese.
Resultatene er ssmmenlignet med verdier som tidligere er beskrevet for bide tamrein og villrein hvor det ble
benyttet samme metode som i denne undersekelsen. I alle populasjonene ble det registrert et hoyt antall alleler
(7-11) og heterozygositeten var tilsvarende hey med en middelverdi pi 0.749. Denne hoye graden av genetisk
variasjon i alle undersekte populasjoner indikerer at det ikke foregdr mye innavl blant rein i Skandinavia.
Utbredelsen av de enkelte allelene viste hoy grad av genetisk oppdeling i transferrin-locuset mellom flokker
av bade tamrem og vilirein. Middelverdien for genetisk avstand var 0.069 mellom tamreinflokker og 0.091
mellom villreinflokker. Szrlig stor genetisk avstand (middelverdi 0.188) ble funnet mellom tamrein og villrein,
Denne store forskjellen skyldes i stor grad forskjellig menster i utbredelsen av de to vanligste allelene: Tf*' var
mest vanlig blant tamrein og Tf“ var mest vanlig blant villrein. Denne forskjellen er diskutert i relasjon tl
forsk)elllg opprinnelse av tamrein og villrein og alternativ, i relasjon til forskjellig selcksjonskrefter som virker
pa transferrin genotyper 1 tamrein og villrein.
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Introduction

Reindeer in Scandinavia are separated into
numerous different populations and exist both
as semi-domestic and wild animals. The amount
of differentiation and the evoluton of the
different populations are, however, highly
unknown and open to speculation. Studies of the
genetic structure of reindeer populations may
provide some insight into the evolutionary
events and processes that have shaped the present
structure.

Most work on the genetic structure of reindeer
populations has been based on morphological
characteristics. Such studies suffer from the
difficulty of distinguishing between genetic and
environmental components of variation. The
introduction of electrophoretic techniques allo-
wed studies of single factors with known
inheritance. Gahne and Rendel (1961) used this
technique and were the first to study genetic
variation in the locus coding for serum

transferrin in reindeer. The variation in this locus

has later been used in several more studies of
population genetics in reindeer and caribou
(Brend 1964; Shubin 1969; 1977; Shubin and
Ionova 1984; Shubin and Matyukov 1982;
Turubanov and Shubin 1971; Zhurkevich and
Fomicheva 1976; Storset et al. 1978; Soldal and
Staaland 1980; Reed 1985a, 1985b, 1986; Reed
and Whitten 1986; Roed et al. 1985, 1986). The
main pattern of variability reported in these
studies indicates considerable genetic heteroge-
neity in the transferrin locus among populations
of reindeer. A particularly high amount of
differentiation was detected between populati-
ons of semi-domestic and wild reindeer in
southern Norway (Braznd 1964; Reed 1985a).
The purpose of the present study _was to test
whether this large differentiation remains evident
when several more populations from other parts
of Scandinavia are included in the analyses. The
transferrin allele frequencies of nine herds of
semi-domestic reindeer from Norway, Sweden
and Finland are presented in this study and
compared with allele frequencies of both
semi-domestic and wild reindeer in Norway
reported in previous studies using the same
techniques and allelic designation (Reed 1985a,
1986, Roed et al. 1985).

Material and methods

Blood samples were obtained from 842
reindeer belonging to the following 9 semi-
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domestic reindeer herds or areas in Scandinavia
(Fig. 1): Finland: Kaamanen (1), in the northern
part of the country. Norway: Vuorjenjarg (2),
Arney (3) and Laggonjargga (4) from Finnmark
county, Kanstadfjord (5) from Troms county
and Essan (9) from Ser-Trendelag county.
Sweden: Ran/Umbyn (6) in Visterbotten
county, Arvidsjaur (7) in Norrbotten county and
Handolsdalen (8) in Jamtland county. Location
of those populations from Norway included for
comparisons in the present study are also given
in Fig. 1: Aborassa (10), Joakkenjargga (11),
Riast/Hylling (12), Trollheimen (13), Jotunhei-
men (14), Fillefjell (15), Hol (16), Hardanger-
vidda (17), Hallingskarvet (18), Snohetta (19),
Knudshe (20) and Forelhogna (21). All herds
belong to the subspecies Eurasian tundra
reindeer, R. t. tarandus. The herd sampled in
Arvidsjaur area (7) was of the forest reindeer type
while the others were of the mountain reindeer
type. Populations 17-21 are wild reindeer,
among which the Forelhogna (21) population is
believed to have its origin mainly from
semi-domestic reindeer from Sweden (Skogland
1984). The semi-domestic Riast/Hylling herd
(12) 1s identical to the Reros herd in a previous
report (Reed 1985a).

Blood samples were taken into heparinized
test tubes and centrifuged, after which the plasma
fraction was removed and stored at —20°C until
the electrophoretic analysis was performed.
Plasma samples were subjected to vertical slab
polyacrylamide gel electrophoresis as previously
described by Reed (1985a). The transferrins were
stained with Coomassie Brilliant Blue R250
(Diezel et al. 1972).

Results

Nine separate alleles, each consisting of a
double band, could be resolved in the present
material after re-running similar alleles side by
side to confirm their electrophoretic identity.
Each alleles was scored as a double band as given
in Fig. 2. The allele frequencies in the transferrin
locus for each population are given in Table 1,
together with frequencies of those populations
included for comparisons. Table 2 shows the
amount of genetic variation in the transferrin
locus for each of these populations. The
heterozygosity in Table 2 is calculated as
expected frequencles of heterozygotes from
observed allele frequencies (Lewontin and
Hubby 1966). In all populations the number of
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Fig. 1. Map showing locations of the sampled populations of semi-domestic (1-16) and wild (17-21) reindeer.

Fig. 1. Kart som viser lokalisering av populasjoner av tamrein (1-16) og villrein (17-21) som er analysert.
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Fig. 2. Transferrin phenotypes in reindeer examined in vertical slab polyacrylamide gel electrophoresis.

1o TfTfe; 20 TfTfe; 32 TfTfo; 4 TfeTfa; 5: TuTfo, 6: TfeeTfo; 7. TfaTfe;

8: TferTfe 9. TiuTfer, 10: THTfA.

Fig. 2. Transferrin fenotyper hos rein undersokt ved hjelp av vertikal polyakrylamid gel elektroforese.

alleles was high, ranging from seven to eleven,
and the heterozygosity was correspondingly
high, with a mean for all populations of 0.749.
The mean heterozygosity was 0.746 among the
semi-domestic herds and 0.764 among the wild
populations. Test of goodness-of-fit to the
Hardy-Weinberg equilibrium did not reveal any
significant deviations among any herds in the
present study. This together with the high
variation detected in all populations suggests that
inbreeding is not widespread among reindeer
populations in Scandinavia.

The two alleles 7f¢' and Tf¢' were the most
common alleles in all populations of Scandina-
vian reindeer. The pattern of allele frequency
distribution at the transferrin locus indicates,
however, considerable genetic heterogeneity
among populations. The contingency chi-square
test for homogeneity among populations was
highly significant, both for the nine populations
analysed in this study (X?=307, p<0.01) and
among all sixteen semi-domestic herds (X?=702,
p<0.01) and among all populations of both
semi-domestic and wild reindeer (X*=1295,
p<0.01). Significant differences were also
detected between closer populations, as in the
frequency of Tf¢' between Arney (3) and
Vuorjenjarg (2) (X°=9.42, p<0.01) within
Finnmark county in Norway, and in the
frequency of Tf< between Ran/Umbyn (6) and

16

Table 2. Amount of genetic variability in the
transferrin locus in Scandinavian reindeer
populations.

Tabell 2. Grad av genetisk variasjon i transferrin-
locuset i rein-populasjoner i Skandinavia.

Population Number of  Hetero-
alleles zygosity
1 Kaamanen 8 .691
2 Vuorjenjarg 8 .700
3 Arney 9 773
4 Laggonjargga 7 744
5 Kanstadfjord 8 .602
6 Ran/Umbyn 9 774
7 Arvidsjaur 8 .683
8 Handolsdalen 9 .769
9 Essan 9 .826
10 Aborassa 8 .766
11 Joakkonjargga 8 .699
12 Riast/Hylling 10 779
13 Trollheimen 8 .790
14 Jotunheimen 11 774
15 Fillefjell 11 .797
16 Hol 10 .766
17 Hardangervidda 10 .837
18 Hallingskarvet 9 .799
19 Snohetta 8 .688
20 Knudshe 7 .699
21 Forelhogna 9 799
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Arvidsjaur (7) in Sweden (X?=3.82, p<0.05).
Significant differences were not detected bet-
ween Laggonjargga (4) and Vuorjenjarg (2)
populations in Finnmark county or between
Handolsdalen (8) in Sweden and Essan (9) in
Norway.

Coeffecient of genetic distance, D, was
calculated according to Nei (1972). Table 3 gives
the genetic distance between each pair of
populations and Table 4 gives the average genetic
distance between populations of semi-domestic
reindeer within and between different countries
in Scandinavia and also when compared with the
populations of wild reindeer. The genetic
distance between populations was highly va-
riable, ranging from 0.007 between the two
Finnmark herds Laggonjargga (4) and Joakkon-
jargga (11) to 0.757 between the wild reindeer in
Snohetta (19) and the semi-domestic animals in
Laggonjargga (4). The genetic distance between
countries within Scandinavia was not ‘particu-
larly high, and the genetic distance between
semi-domestic herds within Norway was on the
average greater than the genetic distance between
countries (Table 4). The mean value of D was
0.069 among the sixteen semi-domestic herds
and 0.091 among the five wild populations. The
greatest genetic distance was, however, certainly
between semi-domestic and wild populations,
ranging from 0.020 to 0.757 and with a mean of
0.188. This high difference between semi-
domestic and wild populations is mainly due to
a different pattern in the distribution of the two
most common transferrin alleles in semi-domes-
tic and wild populations (Table 5): Tf<’ 1s more
frequently distributed among semi-domestic

herds than wild populations and 7f¢ is more
frequently distributed among wild populations
than semi-domestic herds.

A dendrogram (Fig. 3) summarizing the
genetic distance was constructed using UPGMA
(unweighted pair method based on arithmetic
averages) cluster method (Sneath and Sokal
1973). This analysis illustrates the genetic
dichotomy between the wild populations on the
one hand and the semi-domestic herds on the
other. Among the semi-domestic herds it seems
that Kanstadfjord (5) is genetically separated
from the others. Furthermore, there also seems
to be a major genetic separation in semi-domestic
reindeer between the northern (11, 4, 10, 2, 7 and
1) and the southern herds (13, 16, 4, 6, 14, 12,
9 and 15). The clustering of the wild Forelhogna
population (21) together with the semi-domestic
herds is also noteworthy and in agreement with
a mainly semi-domestic origin of this popula-
tion.

Discussion

The transferrin allele frequency distribution of
Scandinavian reindeer found in this study
includes a) high amount of genetic variation in
both semi-domestic and wild populations, b)
considerable genetic heterogeneity in this locus
within both semi-domestic and wild populati-
ons, and c) particularly high genetic difference
between semi-domestic herds on one hand and
wild populations on the other. The great genetic
differentiation in the transferrin locus between
semi-domestic and wild populations in southern

Table 4. Average genetic distance (with range) between populations of semi-domestic and wild reindeer within
and between different countries in Scandinavia.

Tabell 4. Middelverdi (med variasjon) for genetisk avstand mellom populasjoner av tamrein og villrein innen

og mellom land i Skandinavia.

Population 1 2 3 4
1 Finland semi— 122224
domestic (wwadn - wxrenw)
2 Sweden semi- 0.026 0.025
domestic (0.014-0.043)  (0.019-0.032)
3 Norway semi- 0.053 0.059 0.082
domestic (0.018-0.124)  (0.008-0.202)  (0.007-0.261)
4 Norway wild 0.179 0.119 0.205 0.091

(0.101-0.344)

(0.020-0.326)

(0.041-0.757)

(0.024-0.179)
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Norway previously reported by Braznd (1964)
and by Reed (1985a) seems therefore also to be
valid when several more populations from
different parts of Scandinavia are compared.

What is the reason for the very great
differences in the transferrin allele distribution
of semi-domestic and wild reindeer? The high
amount of variation in all populations compared
throughout this study suggests that founder
effect, as allele frequency changes caused by
small populations, has not been the principal
factor determining the genetic differentiation.
Rather it appears that either a different origin of
semi-domestic and wild reindeer or different
selection is acting upon genotypes at the
transferrim locus in these animals.

The wild reindeer in Scandinavia are believed
to originate from ammals colonizing the
Eurasian tundra regions as the ice barriers
retreated during the late Weichselian. There is
very little reliable information available in how
reindeer domestication evolved in Eurepe. The
question is still open as to whether reindeer
husbandry developed independently in Scandi-
navia by domestication of wild populations, or

Table 5. Mean (£SD) frequencies of the most
common transferrin alleles in Scandinavian
semi-domestic and wild reindeer populati-
ons.

Tabell 5. Middelverdi (£8D) for frekvenser av de

mest vanlige transferrin allelene i populasjo-
ner av tamrein og villrein i Skandinavia.

Allele Semi-domestic ~ Wild
Tfer p 0.377 0.195
SD 0.084 0.049
Tfe p 0.272 0.389
SD 0.057 0.086
Tf p 0.091 0.134
SD 0.047 0.076
Tf’ P 0.092 0.096
SD 0.061 0.043

berg 1984). On the assumptign that the rate of
11-JOAKKONJARGGA
—E 4-LAGGONJARGGA
10-ABORASS A
1-KAAMANEN
—  21-FORELHOGNA
8-HANDOLSDALEN
15- FILLEFJELL
L 17-HARDANGERVIDDA

was brought in by some movement of the Saami
allelic substitution in the transferrin locus is
__E 2-VUORJENJARG
3-ARNOY
6- RAN/UMBYN
12-RIAST/HYLLING
5-KANSTADFJORD
19-SNOHETTA

people or by contact with Samoyeds (Skjenne-

proportional to time, the present results of
7- ARVIDSJAUR

_:lz—TROLLHEIMEN
16-HOL
14 - JOTUNHEI MEN
9-ESSAN
X 18- HALLING SKARVET

20-KNUTSHO

1 s i
20 16 12 08
GENETIC DISTANCE

Fig. 3. Genetic distance dendrogram for transferrin variation of semi-domestic (1-16) and wild (17-21)

populations of reindeer in Scandinavia.

Fig. 3. Dendrogram som viser den genetiske avstanden mellom populasjoner av tamrein (1-16) og villrein (17-21)

i Skandinavia basert pd transferrin-variasjon.
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generally high genetic differentiation in the
transferrin locus between semi-domestic and
wild populations would indicate that the
differentiation between these animals had to be
initiated a very long time ago.

The alternative explanation of different
selection in semi-domestic and wild populations
should, however, be considered. Several pheno-
mena have been demonstrated which indicate
that selection 1s important in maintaining the
transferrin polymorphism in reindeer. Zhurke-
vich and Fomicheva (1976) have indicated
association between transferrin genotypes and
variability of environmental conditions and also
between certain genotypes and susceptibility to
epidemic and bacterial infections. Correlations
between body weight and transferrin alleles have
furthermore been found by Reed (1987). In that
study Tfcr was positively associated with high

weight among calves and not among yearlings, -

while Tft/ was indicated to be positively
associated with high weight among male
yearlings and not among calves. This, together
with the reported increase in 7f¢ and decreas in
Tftr along with intensified selection for calf body
weight in a semi-domestic herd (Reed 1985a),
gives evidence that reindeer husbandry acts as a
selective force upon genotypes at the transferrin
locus. Increased calf body welght is probably
among the most important aims of reindeer
husbandry. The selctive breeding for high calf
weight could thus explain the generally higher
frequency of Tf¢' and lower frequency of Tf' in
semi-domestic than in wild reindeer populations.

The possibility that the divergence between
the wild and semi-domestic populations could be
explained by selective forces acting on wild
reindeer also must be considered. Harvest
through the regular hunt is the most important
mortality factor among Norwegian wild reindeer
(Reimers et al. 1980). In an open habitat the
hunter should be able to classify and select single
specimens of species living in flocks, such as the
reindeer. However, the allele frequencies in the
wild Forelhogna 21 populatlon » which is
believed to have its origin mainly from
semi-domestic reindeer in Sweden (Skogland
1984), were detected to be most genetically
similar to the semi-domestic Ran/Umbyn (6)
herd in Sweden. As illustrated by the cluster
analyses (Fig. 3), the Forelhogna population
seems also to be in general more genetically
similar to the semi-domestic herds than to the

20

wild populations. It seems therefore that the
transferrin allele frequency has not significantly
changed since 1955 when this population began
to be harvested through the regular hunt. «Gun
selection» seems therefore not to act as a strong
selective force upon genotypes at the transferrin
locus. The alternative explanation of reindeer
husbandry as a selective force is therefore a more
reasonable explanation for det high genetc
divergence in the transferrin locus between
semi-domestic and wild populations in Scandi-
navia.
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