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Based on morphology, native northern European sheep breeds belong to the short tailed type, of which the
Romanov is the only native example still distributed in northwest Russia. Besides this, there exist local
sheep populations kept by Finno-Ugric peoples in the central Volga region, which represent additional
genetic resources in the area. Four sheep populations from the central Volga region were genotyped for 20
microsatellites and compared with geographically proximate breeds (Estonian Whitehead and Blackhead,
the Finnsheep and an exported and a native population of Russian Romanov) and with local populations
in Estonia, Finland and Russian Karelia. Between-breed analyses including admixture analysis using
molecular genetic markers and the phenotypic characteristics indicated that the Volgaic populations have
not remained pure. The Viena population from Russian Karelia, the Romanov breed and, to some extent,
the Komi population, have escaped extensive mixing, making them most attractive for conservation pro-
grammes. The study compared imported and native Romanov breed populations and the results suggest
that the diversity parameters are markedly similar in these two populations.
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Introduction

The northern European area, extending from Iceland
and Fennoscandia to the Urals, has ancient indig-
enous sheep that belong to the northern short-tailed
breed group. In contrast, the majority of sheep in
other parts of Europe belong to thin-tailed breed
groups with long or medium-long tails (e.g. Ryder
1983). The short-tailed breeds in the Nordic and
Baltic countries are well documented (e.g. FAO
2006) and an extensive set of these breeds were
recently molecularly characterized and assessed
for conservation prioritisation (Tapio et al. 2005b,
Tapio 2006). Among the Russian short-tailed sheep
the characterization is lacking and the Romanov
breed is the only short-tailed sheep type that has been
documented in detail (Semyonov and Selkin 1989).
In recent molecular analysis (Tapio et al. 2005b,
Tapio 2006) this breed was, however, represented by
an imported Romanov population in Lithuania. That
study also assessed one local non-institutionalised
sheep population, the Viena sheep, from Russian
Karelia. In our terminology, ‘an institutionalised
breed’ has a herd book or other pedigree recording
system and its’ breed characters are determined and
controlled by a breeding society. The Romanov and
the Viena sheep have been suggested to be of high
conservation value (Tapio et al. 2005b). The study,
however, had two limitations. Firstly, the sheep in
the vast area lying between Moscow and the Urals
were not included. Secondly, the Romanov sample
was taken from outside the country of origin and the
population might have experienced a genetic bottle-
neck, resulting in decreased variation and, possibly,
resulting in a wrongly inferred conservation value.
For these reasons, there is a need to characterize
Russian short-tailed sheep more extensively.

The Romanov breed is the only Russian institu-
tionalised sheep breed in the northern short-tailed
breed group. The main area of distribution of the
breed has been the Yaroslavl Region north of Mos-
cow. Earlier, there was another short-tailed breed,
the Nolinsk, in the Kirov Region further to the east
(Litovchenko and Yesaulova 1972). Although the
Nolinsk became extinct, the central Volga area has
several non-institutionalised sheep types without

herd books. The non-institutionalised sheep types
could be very important for the maintenance of
Russian sheep genetic resources as the Nolinsk
became extinct and the number of pure-bred Ro-
manovs in Russia has sharply decreased (Marzanov
and Samorukov 2006).

The central Volga area contains Finno-Ugric re-
publics. Although the Finno-Ugric peoples in the
area are linguistically close to other Finno-Ugric
peoples, such as the Finns and the Estonians, ge-
netic studies support genetic propinquity with the
geographically neighbouring (Finno-Ugric or non-
Finno-Ugric) peoples (Rosser et al. 2000, Bermi-
sheva et al. 2002). This does not support the idea
that Finno-Ugric peoples would have remained
as completely isolated islands separated from the
surrounding Slavic populations. Thus, the Finno-
Ugric and Russian areas in the north should form
a continuum where genetic and cultural links have
crossed the ethnic barriers. Consequently, the
genetic variation in native sheep may have been
shaped by isolation by distance, and the sheep
owned by Finno-Ugric peoples should be analyzed
together with the Romanov sheep.

Our study focuses on non-institutionalised cen-
tral Volgaic sheep from the rural areas of four auto-
nomic Republics of the Russian Federation (Komi,
Mari El, Mordovia and Udmurt) (Table 1, Fig. 1).
The analysis aims to determine whether the sheep
populations are relatively purebred, old indigenous
populations or highly crossbred with some exotic
breeds. Phenotypic features of the sampled animals
(including semi-long tails, Table 1) suggest some
influence from exotic breeds. However, since it is
not known if the influence is from long-tailed or
from semi-long tailed breeds, and since artificial
selection may have operated, these observations are
not sufficient for inferring the degree of admixing.
For comparison, the characterization of the four
central Volgaic varieties was done together with
four additional non-institutionalised sheep varieties
(the Russian Viena sheep, the Saaremaa and Ruhnu
in Estonia, and the Grey Finnish Landrace), as well
as with four populations of institutionalised breeds
as reference breeds (the Estonian Whitehead and
Blackhead Sheep, the Finnsheep, and two samples
of the originally central Russian Romanov breed)
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(Table 1, Fig. 1). The Estonian reference breeds
are partly of local origin, but have been graded to
British breeds and later crossed with some other
common west European breeds. They represent
“cosmopolitan western breeds” in the current study.
The Finnsheep and the Romanov are predominant
native breeds of their regions and are included as
purebred local reference breeds. The currently de-
scribed Russian Romanov population is the first
sample of the breed from the site of origin analyzed
for its microsatellite variation.

Material and methods

Genetic variation at 20 microsatellite loci (Table
2) was assessed in 84 individuals belonging to four
Volgaic local populations (Komi, Mari, Mordovian
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and Udmurtian). Blood samples (Table 1, Fig. 1)
were taken from sheep from several flocks and vil-
lages and sampling within a flock was random. In
addition, 27 Romanov sheep were sampled in the
Yaroslavl region in central Russia, which constitutes
the geographical origin of the breed. The remain-
ing data for the 225 individuals from 8 populations
(Estonian Whitehead, Estonian Blackhead, Estonian
Ruhnu and Estonian Saaremaa, Finnsheep, Grey
Finnish Landrace, and Romanov in Lithuania) and
the sample preparation and semiautomatic fragment
typing methods were described by Tapio et al. (2003,
2005a, 2005b).

Genetic variability was quantified as the total
number of alleles, unbiased expected heterozygos-
ity or gene diversity (Nei 1987), and mean allelic
richness (El Mousadik and Petit 1996) correspond-
ing to the mean of the expected numbers of alleles
over loci for a sample size of 20 diploid individuals
or 40 chromosomes (i.e. r[40]). These estimates
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Table 1. The phenotypic characters of the studied sheep.

Breed/variety Wool colour Wool type Tail length Horns
Estonian White 100% (black head Medium fine Medium or long Polled 100%
Blackhead and feet) (>20 cm)
Estonian Ruhnu White 100% (grey head Coarse Short or medium Horns 4%,
and feet) (<20 cm) polled 96%
Estonian White 86% (piebald or Coarse Medium or long Horns 24%,
Saaremaa brown head), black 10%, (>20 cm) polled 76%
brown 5%
Estonian White 100% Medium fine Medium or long Polled 100%
Whitehead (>20 cm)
Finnsheep White 75%, black 15%, Fine Short Polled 100%
brown 10%
Grey Finnish Grey 100% (black head) Medium fine Short Horns 7%,
Landrace polled 93%
Russian Komi White 18%, black 54%, Variable, fine to Short Horns 18%,
local brown 4%, grey 25% coarse polled 82%
Russian Mari White 19%, black 23%, Variable, medium Medium or long Horns 18%,
local brown 8%, grey 50% fine to coarse (>20 cm) polled 85%
Russian White 36%, black 18%, Variable, medium Variable (10—40 cm) Horns 18%,
Mordovian local brown 18%, grey 27% fine to coarse polled 82%
Russian White 38%, black 57%, Medium coarse Variable (20-30 cm) Horns 33%,
Udmurtian local grey 5% polled 66%
Russian Viena White 10%, black 13%, Coarse Short Horns 26%,
local grey 77% polled 74%
Russian Grey 100% (black head) Fine Short Polled 100%
Romanov
Lithuanian Grey 100% (black head) Fine Short Polled 100%
Romanov

were calculated using FSTAT 2.932 (Goudet 1995).
The same software was used to measure and test
among-breed and within-breed fixation indices, 0
and f of Weir and Cockerham (1984) correspond-
ing to Wright’s F and F, respectively. Theta
(8) quantifies excess of homozygotes in the total
population due to population differentiation, and

small-f (f) quantifies the excess of homozygotes
within each population or the average over the
populations.

The structure of genetic relationship among
populations was investigated to discover whether
some local sheep varieties appear as intermedi-
ates of the reference breeds. The Volgaic region
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Table 2. The 20 microsatellite loci studied, their total
number of alleles detected (A), the estimates of total
gene diversity (Ht), within-population (f) fixation indi-
ces estimating within-population deviation of Hardy-
Weinberg proportions.

Locus A Ht f
BMO0757 9 0.77 0.059
BM1314 17 0.83 0.030
BM1818 17 0.90 0.078*
BM4621 17 0.90 0.080*
BM6506 9 0.58 0.012
BM6526 11 0.74 0.090
BM8125 8 0.72 0.032
CSSM31 21 0.85 0.031
INRA23 14 0.88 0.105%*
MAF36 14 0.80 0.010
MAF48 9 0.78 0.119*
MAF65 11 0.83 0.036
McM527 10 0.77 0.057
OarCP20 12 0.82 0.049
OarCP34 9 0.76 0.119*
OarFCB128 13 0.76 0.096*
OarFCB304 19 0.85 0.113*
OarFCB48 16 0.80 0.023
OarHH47 14 0.81 0.076
OarVH72 9 0.77 0.005
Overall 259 0.80 0.063*

*Significantly different from zero with P < 0.05 after
Bonferroni correction. Based on 10,000 permutations.

is located east of the geographical origin of any of
the reference breeds, including the Romanov (Fig.
1). Assuming isolation by distance, the purebred
native sheep populations should form a geneti-
cally remote group, while an intermediate position
would suggest them to be crossbreds. Relationship
structure was explored using principal components
analysis (PCA), NeigborNet (Bryant and Moulton
2004) and the Population Graph method (Dyer and
Nason 2004). When applied to allele frequency
data, each successive principal component (PC)
aims at explaining the maximum variance in the
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allele frequency table. Data explained by separate
PCs are uncorrelated. Analysis was performed for
correlations of standardized allele frequencies ac-
cording to Cavalli-Sforza et al. (1994) using Ade-4
(Thioulouse et al. 1997). NeighborNet is similar
to the common Neigbor joining method, but by
showing reticulations it can represent alternative
trees in presence of distinct phylogenetic signals,
which may arise, for instance, from gene flow
between populations (see Bryant and Moulton
2004 for details). NeighborNet was constructed
using SplitsTree 4 (Huson and Bryant 2006) and
was based on Chord distance (Cavalli-Sforza and
Edwards 1967). The Population Graph method
explores the covariation in the whole population
set. The method initially considers all n(n — 1)/2
links between n populations and it subsequently
removes the connections whose exclusion does not
significantly reduce the fit between the population
network model and the data. Thus, the remain-
ing links among the populations are necessary to
explain the data, while a missing bond between
a pair of populations indicates that the potential
similarities in their gene pools are caused indirectly
through other connecting populations as described
in the network. Network construction was done us-
ing an online population graph server (available
online at http://dyerlab.bio.vcu.edu/). The network
was added on to the PCA plot, with PCA results de-
termining the coordinates for the population node.
Graph structure was tested using binomial testing
described by Dyer and Nason (2004). Graph size
and node centrality were explored using Agna 2.1.1
(Benta 2003, available online at http://www.geoci-
ties.com/imbenta/agna/). The size of the graph is
the largest value among the shortest paths between
every pair of populations. Evaluating the closeness
of a node to the center of the graph was done us-
ing the Bavelas-Leavitt centrality measure (Bave-
las 1948). For each node, this measure is the ratio
of the sum of the shortest paths to and from the
node to the sum of all of the shortest paths in the
entire graph.

The allele frequency data of each non-institu-
tionalised sheep type was fitted separately to an
admixture model using three reference breeds (the
Estonian Whitehead, the Finnsheep and the Russian
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Romanov) as hypothetical parental populations. The
admixture model assumes that the parental popula-
tions have had the same and a constant population
size and that the analyzed population was formed
at an undefined time point as a combination of the
given parental populations only, which, in turn, had
evolved independently for an undefined time prior
to the admixture event. Contributions from paren-
tal populations were given by the mY estimate of
historic admixture (Bertorelle and Excoffier 1998,
Dupanloup and Bertorelle 2001) considering only
allele frequencies. Estimates were calculated using
Admix 2.0 (Dupanloup and Bertorelle 2001) and
were based on 1,000 bootstrap resamplings over
loci.

Results

In the 336 sheep analyzed 259 alleles were detected
at the 20 microsatellite loci (Table 2), averaging
13.0 alleles per locus. The total gene diversity was
on average 0.80 over loci. The Estonian Ruhnu was
the least variable and the local Udmurtian sheep
was the most variable population irrespective of
the diversity measure used (Table 3). The within-
population gene diversity and allelic richness [r40]
ranged from 0.52 to 0.79 and from 3.21 to 6.40,
respectively. Significant positive f values for the
Estonian Saaremaa local (0.177), Komi local (0.231),
Udmurtian local (0.097) and Viena local (0.218)
indicate that these populations are subdivided
(Table 3). Over the populations, some locus-wise f°
estimates (Table 3) and the combined f(0.063, P <
0.05) were also significantly positive.

The overall differentiation was substantial:
Weir and Cockerham (1984) 0 indicated 9.4% of
the variation to stem from among population vari-
ation. The pairwise differentiation estimates varied
from 0.018 (between the Whitehead and Blackhead
Sheep in Estonia) to 0.249 (between the Estonian
Ruhnu and the Komi local sheep). All pairwise 0
values, except the one between the Udmurtian and
the Mordovian sheep (0.037), were significantly
different from zero. The Ruhnu and the Komi local

were highly diverged from all other populations
(Table 4).

In the PCA plot, the local sheep populations,
except the Grey Finnish Landrace, had a more cen-
tral location than the institutionalised breeds, while
the configuration in general revealed three group-
ings (Fig. 2). The first axis (explaining 17.2% of
variance between populations) separated a Volgaic/
Central Russian group from the breeds in the Bal-
tic-Finnic region. The two Romanov populations
were the furthest from the Baltic-Finnic sheep.
Within the Baltic-Finnic sheep, the second PCA
axis (12.5%) separated an Estonian and a Finnish
group from each other. There were two populations
that did not fall into any of the three groups, central
Russian/Volgaic, Estonian or Finnish group. The
Viena sheep from Russian Karelia, bordering Fin-
land, appeared intermediate between Finnish and
central Russian/Volgaic groups and neighboured
the Finnish group in the plot. Furthermore, the
Estonian Ruhnu sheep in the Baltic-Finnic group
was equidistant from the Estonian and Finnish
clusters.

,--E.Blackhead
0 N

<

Ei Whitehead

4 E.Saaremaa

E.Ruhnu

PC2(12.5%)

. Finnsheep
\

“Grey Finnish

PC1(17.2%)

Fig. 2. Two first principal components (PCs) describ-
ing relationship structure among the studied north-east-
ern European sheep populations. Ellipses represent three
clear clusters: Russian, Estonian and Finnish groups.
Links between populations are the population graph net-
work explaining the covariation structure among the stud-
ied populations.
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Table 4. Theta (0) estimates between population pairs below the diagonal and statistical testing above the diagonal asterisk indicating significant differentiation and

NS indicating no differentiation. Results based on 1560 permutations.
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Fig. 3. NeigborNet graph based on Chord distances de-
scribing relationship structure among the studied north-
eastern European sheep populations.

If the external branches are ignored, constructed
NeighborNet graph (Fig. 3) was remarkably simi-
lar to the PCA plot. A notable difference was that
the cluster of three central Volgaic varieties, Mari,
Mordovian and Udmurtian local, is located slightly
closer to the Estonian Whitehead Sheep than to the
Russian Romanov.

Population Graph-network (Fig. 2) regularly
connected breeds that neighboured each other in
the PCA plot. Analysis of the network structure
revealed that the Udmurtian, Mari and Komi local
sheep in the centre of the PCA plot also had the
largest network centrality values (7.16, Table 3).
The network contained 28 links between popula-
tions, which constituted 36% of the 78 possible
links. A population was connected to 2—5 other
populations with an average degree of 4.3 (Table
3). At the maximum, the shortest path between a
pair of populations included going through two oth-
er populations, which meant using three links (i.e.
graph size = 3). The binomial network structure test
agreed with the main PCA observation, indicating
that the Russian populations are separated from the
Baltic-Finnic ones. There was a significant lack of
links crossing the border of the Russian Federation
(test-wise P=0.017), while there was no significant
network subdivision into Finnish (P = 0.45) or Es-
tonian (P = 0.18) sub-networks.

The Volgaic local sheep populations were
geographical outliers, but located centrally in the
PCA plot, NeigborNet graph as well as in the net-
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work. This differed from the expectation based on
isolation by distance, and suggested that the lo-
cal populations have admixed origin. Admixture
estimates assumed each local sheep type to have
originated as a mixture of three breeds in the re-
gion: the Estonian Whitehead, the Finnsheep and
the Russian Romanov. It should be emphasised that
this analysis was descriptive and did not aim to
prove that the local populations originated from
these three specific breeds, but they were used to
represent three wider diverged gene pools and in
addition, the Finnsheep and the Romanov represent
purebred native breeds in their original breeding
regions. The three breeds fitted well as hypotheti-
cal parental populations because they were located
on the rim of the PCA plot (Fig. 2). In Russia, the
estimated contribution of Estonian Whitehead type
ancestry to the local sheep type was 34-70%, with
the 34% contribution to Viena local being noticea-
bly lower than that to the other Russian populations
(Table 3). The Romanov type influence varied from
0 to 56% and the Finnsheep type influence varied
from 0 to 34%. The Romanov type contribution to
the Komi local was noticeably high suggesting a
higher proportion of indigenous Russian ancestry
than in other central Volgaic populations. In Esto-
nia, the Estonian Whitehead influence on the local
sheep types was estimated to be very large, and
the values ranged from 61 to 73%, while the re-
maining ancestry was attributed to Finnsheep. The
Romanov type ancestry has a negligible influence
on the the studied Estonian sheep. In Finland, the
admixture analysis suggested the Finnsheep type
ancestry to be the most important one (56%) for
the Finnish Grey Landrace.

Discussion

We studied four non-institutionalised local central
Volgaic sheep types from the rural areas of Russian
Finno-Ugric republics and compared them with
institutionalised and non-institutionalised sheep
types from the Nordic-Baltic and central Russian
area. Based on the peripheral geographical location
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compared with other included populations, central
Volgaic local sheep populations were anticipated
to form a diverged group of short-tailed sheep
populations, which would be very important for
conservation of northern short-tailed sheep genetic
resources. The present results show that the Volgaic
sheep populations are highly variable and that this
diversity is likely to have resulted from a mixture
of local and exotic ancestry. Noticeable exotic in-
fluence makes the central Volgaic populations less
attractive for conservation programmes for northern
short-tailed sheep diversity. However, they may still
harbour ancient unique alleles. For characterization
and maintenance of this genetic diversity, the Komi
local can be considered as the most interesting cen-
tral Volgaic population due to its less extensive exotic
origin. The evident crossbreeding highlights the
importance coordinated conservation programmes,
which should at least consider the Romanov, the
northern Karelian non-institutionalised Viena sheep
population and the Komi local.

There were three different types of evidence
suggesting Volgaic varieties to have been influ-
enced by common western breeds. First, this was
suggested by the appearance of the sheep (Table
1). The most obvious sign of crossbreeding was the
tail-length, which was at least twice that of pure-
bred short-tailed breeds in the Nordic countries. As
in an earlier study (Tapio et al. 2005b), assessing
northern European sheep diversity, a long tail ap-
pears to be a good indicator of crossbreeding.

Second, the analysis of relationships among the
sheep varieties revealed a central, rather than a pe-
ripheral, genetic position for the Volgaic sheep pop-
ulations. This deviation from the pattern expected
under isolation by distance can be interpreted as a
sign of crossbreeding. However, results of an ear-
lier study on the variation of sheep mitochondrial
DNA in these populations (Tapio et al. 2006), as
well as mitochondrial and Y-chromosomal studies
in humans (Bermisheva et al. 2002, Rosser et al.
2000), support the idea that geographical and ge-
netic affinities co-occur in the area. Since the phe-
notypic traits already indicate some level of cross-
breeding due to the influence from exotic breeds
(likely from western Europe, Semyonov & Selkin
1989), the relationship pattern can be considered as
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evidence for substantial non-native ancestry.

Finally, the levels of within-population varia-
bility, and fitting of the admixture model with three
reference breeds as parental populations, supported
the idea concerning the influence of cosmopolitan
breeds: the Udmurtian and Mari local popula-
tions, together with the synthetic Estonian White-
head Sheep, were the most variable populations.
They were even more variable than the Finnsheep,
which was earlier shown to be the most variable
one among 32 northern European breeds (Tapio et
al. 2005b). The variable Estonian breed is known to
have an admixed ancestry. In the case of the vari-
able Volgaic varieties (Mari, Mordovian and Ud-
murtian local), the fitting of the admixture model,
considering the Estonian Whitehead as one ances-
tor, suggested that over 60% of the ancestry comes
from this “cosmopolitan western breed”. A similar
proportion was obtained for the long-tailed Esto-
nian Saaremaa sheep and for the Estonian Ruhnu
sheep with variable tail-length, while the estimated
Whitehead contribution for the presumably pure-
bred, short-tailed Finnish and Russian-Karelian
varieties was approximately half of this (Table 3).
Within-breed subdivision may elevate the diversity
estimates if subpopulations maintain distinct sam-
ples of ancestry. However, several of the studied
Volgaic varieties did not show significant subdivi-
sion and comparison to Viena sheep suggests that
subdivision is not sufficient to explain the observa-
tion. The frequency based admixture estimates are
likely to be biased towards equal contribution from
the suggested parental populations (Bertorelle and
Excoffier 1998, Dupanloup and Bertorelle 2001),
but the estimates suggesting high Whitehead and
low Finnsheep contribution for the three highly
variable Volgaic varieties clearly deviate from this
symmetrical pattern and support major “western”
influence in the populations. Notably, the indica-
tions for such a crossbred ancestry are weaker for
the Komi variety and this result is supported by the
NeighborNet graph.

The admixture result suggests primarily a west-
ern (i.e. Estonian Whitehead) origin for the central
Russian varieties. This agrees with the neighbour
net graph (Figure 3), where three out of four varie-
ties are located closer to Estonian Whitehead than

Russian Romanov. On the other hand, it disagrees
with the PCA plot configuration (Fig. 2), where
the varieties are proximal to the Romanov sheep.
Non-neutrality or non-amplifying microsatellite al-
leles could be an explanation for the disagreement,
but, for example, excluding the four loci with the
largest excess of homozygotes within-populations
(INRA23, MAF48, OarCP34 and OarFCB304;
Table 1) had only a minor influence on admixture
estimates and the PCA plot. The disagreement be-
tween the admixture estimates and the PCA plot
rather stems from the plotting method used, which
is highly influenced by sharing of rare alleles but
less by frequency differences in the common al-
leles. In addition to the neighbour net plot, a prin-
cipal coordinates plot based on pairwise 0 values
(Table 4), would be consistent with the admixture
estimates, but this would require excluding the two
highly diverged populations, Ruhnu and Komi lo-
cal (not presented).

Two cases of negative contributions were ob-
served (Table 3): Finnsheep to Russian Komi local,
and Romanov to Estonian Ruhnu. Negative esti-
mates might occur for a variety of reasons (Ber-
torelle and Excoffier 1998, Alvarez et al. 2004). In
our case, a probable cause for negative estimates is
that the given parental population has not in reality
contributed to the admixed population (Bertorelle
and Excoffier 1998) or a derived hybrid population
is treated as a parental population (Dupanloup et
al. 2004). Negative estimates might also indicate
violation in the assumed model and suggest e.g.
reciprocal gene flow (Bertorelle and Excoffier
1998). Since the negative estimates did not differ
significantly from zero, we here considered nega-
tive estimates as evidence of zero contribution, and
recalculated the estimates without the respective
parental population. This differs from the interpre-
tation by Alvarez et al. (2004), who suggested that
negative contributions are indicative of ongoing
admixture. Our interpretation to exclude the pa-
rental population showing a negative contribution
was supported by model-based clustering results
(Pritchard et al. 2000), assuming three popula-
tions and updating allele frequencies based on the
three reference populations (data not reported in
detail): the contribution estimates of Dupanloup
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and Bertorelle (2001) and those of Pritchard et al.
(2000) demonstrated a strong linear relationship
(r = 0.87). The two methods indicated otherwise
matching estimates but the model-based cluster-
ing suggested more equal contributions from the
parental populations: the respective ranges were
0-0.73 and 0.10-0.59, and zero ancestral contribu-
tion sensu Dupanloup and Bertorelle (2001) cor-
responded to contribution of 0.18 sensu Pritchard
et al. (2000).

The Lithuanian and Russian Romanov popu-
lations were significantly differentiated but re-
sembled each other more than any other breed. A
relatively closer relationship between an Egyptian
Romanov and the currently included Lithuanian
Romanov was observed in the previous study by
Tapio et al. (2003). Blott et al. (1998) demonstrated
a similar genetic pattern among the different na-
tional populations of the widely spread Hereford
cattle breed. Furthermore, the three Romanov pop-
ulations (Egyptian, Lithuanian and Russian) have
all shown remarkably similar levels of molecular
variability. This suggests that breed comparisons
based on molecular genetic variation are not neces-
sarily always sensitive to the population samples
studied.

Our results together with the observed pheno-
types indicate that the non-institutionalised sheep
varieties in the central Volga area have been influ-
enced by exotic breeds. It seems that pure ancient
varieties can be found only in the most peripheral
regions, such as the Viena Karelia in the present
study area. The apparent crossbred ancestry makes
the central Volgaic varieties less interesting for a
conservation programme focussed on northern
short-tailed sheep though the breeds may still har-
bour ancient alleles not present in other breeds. Ex-
tensive crossbreeding highlights the importance of
the purebred Romanov and Viena sheep. Among
the central Volgaic populations, the less admixed
Komi variety appears as the most interesting can-
didate for a conservation programme.
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SELOSTUS

Lampaiden molekyyligeneettinen variaatio suomalais-ugrilaisten kansojen
asuttamilla alueilla Volgan keskijuoksulla

Miika Tapio, Mikhail Ozerov, Haldja Viinalass, Tatyana Kiseliova, Juha Kantanen
MTT Biotekniikka- ja elintarviketutkimus, Estonian University of Life Sciences ja Russian Academy of

Agricultural Sciences

Pohjois-Euroopan alkuperdiset lammasrodut ovat olleet
lyhythéntéisid. Niin myds Luoteis-Vendjén ainoa jéljelld
oleva alkuperdislammasrotu, romanov. Romanovlammas
ja suomalais-ugrilaisten kansojen alueilla esiintyvat
paikalliset lammaskannat muodostavat térkeén, mutta
vield tutkimattoman geenivaran Pohjois-Euroopassa.
Téssd tutkimuksessa neljastd Keski-Volgalla esiintyvisté
lammaskannasta genotyypitettiin 20 mikrosatelliittia, ja
kantoja verrattiin maantieteellisesti 1dheisiin rotuihin,
Viron valkea- ja tummapéaihén, suomenlampaaseen ja
romanoviin, sekd paikallisiin lammaspopulaatioihin
Virossa, Suomessa ja Venidjin Karjalassa. Populaatioi-
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den vilisten erojen tarkastelu, hybridisaatioanalyysit ja
kantojen fenotyyppiset ominaisuudet viittasivat siihen,
ettd suomalais-ugrilaisilla alueilla esiintyvét kannat ei-
vit ole sdilyneet puhtaina. Tim4 ei vélttimétta vihennd
niiden arvoa pohjoisten lyhythintdisten lampaiden gee-
nivarojen sdilyttdmisté ajatellen, mutta korostaa puhtaan
romanovin sekd Vienan Karjalan lampaan geenivarojen
merkitystd. Tutkimuksessa verrattiin ensimmaéisti kertaa
romanovlampaasta sen alkuperdiselti elinalueelta ja
muilta elinalueilta otettuja néytteitd. Ndiden populaati-
oiden geneettistii variaatiota kuvaavat parametrit olivat
hyvin samankaltaisia.
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