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Abstract: In this investigation, patterns of variation in the nucleolus organizer regions (NORs) in the
chromosomes of Spalax leucodon and Spalax ehrenbergi were studied. The chromosomal location of
the Ag-NORs was determined in two mole rat species. S. leucodon has 3 pairs of nucleolar
chromosomes, but S. ehrenbergi has only 2 pairs of nucleolar chromosomes in their whole
chromosome sets. In both mole rat species, the chromosomal locations of Ag-NORs were determined
to be on the terminal of the short arms of the subtelocentrics.

The possibilty of Robertsonian translocation and the loss of paracentric NORs in S. ehrenbergi were
discussed from an evolutionary point of view.
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iki Kér Fare Tiiriinde (Spalax leucodon ve Spalax ehrenbergi) Nukleolus
Organizatér Bolge Varyasyonu

Ozet: Bu arastirmada, Spalax leucodon ve Spalax ehrenbergi kromozomlarinda nukleolus organizatér
bélge (NOR) varyasyonu arastiriimistir. Iki Kor fare tirtinde Ag-NOR'un kromozomal yerlesimi tespit
edilmistir. S. leucodon 3 cift nukleolar kromozoma sahip iken S. ehrenbergi tim kromozom takiminda
sadece 2 ¢ift nukleolar kromozom icermektedir. Her iki koér fare tlrlinde de, subtelosentrik
kromozomlarin kisa kollarinin terminalinde Ag-NOR yerlesimi tespit edilmistir.

Sonugcta, S. ehrenbergide Robertsonian translokasyonun ihtimali ve parasentrik NOR Kkaybi evrimsel
acidan tartisiimistir.

Anahtar Kelimeler: Nukleolus organizator bolge (NOR), Spalax leucodon, Spalax ehrenbergi

Introduction

Extensive cytogenetic studies carried out on mole rats have revealed that the representatives
of Spalacidae exhibit distinctive chromosomal polymorphism. Chromosomal investigations play a
major role in explaining the speciation and interrelationship of Spalax species. To date,
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approximately 40 different chromosomal forms of Spalax have been reported from the Balkan
Peninsula, Turkey, Romaniagss aimlsracl and North A
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A direct method developed fOF bone marrow according to Patton’s (4) “colchicine hypotonic
citrate” technique was applied for the preparation of chromosomes. The NORs were stained
directly on unstained slides using the technique of Howell and Black (2).
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Figure 1. Showing the study area
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Results

We determined Spalax leucodon to be located on the west side of the Euphrates district of
Malatya, and Spalax ehrenbergi to be distributed on the east side of the river (district of Elazig).
These data are consistent with previous studies (5, 6, 7).

In Spalax leucodon, the karyotype consitsts of 30 chromosome pairs and the NORs were
terminally located on 3 pairs of large subtelocentrics (Figure 2). All of the individuals displayed
a consistent number of Ag-NORs per cell. Heteromorphism for NOR size was not observed.

In Spalax ehrenbergi, the karyotype consists of 26 chromosome pairs. The chromosomal
position of the Ag-NORs was found to be terminal on 2 pairs of the large subtelocentric (Figure
3). Heteromorphism for NOR size on two homologous chromosomes was not observed. Ag-
NORs were not found on the sex chromosomes of S. leucodon and S. ehrenbergi.

Figure 2. Silver-stained metaphase of
Spalax leucodon. Chromo-
somal NORs are indicated by
arrows.

Figure 3. Silver-stained metaphase of
Spalax ehrenbergi. Chromo-
somal NORs are indicated by
arrows.
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Discussion

The Karyotypes of S. leucodon and S. ehrenbergi were reported by Yiksel (5), Gllka¢ and
Yiksel (7). According to these studies, S. leucodon has 60 chromosomes. This species includes
9 pairs of large to small subtelocentrics, 20 pairs of telocentrics, a large submetacentric X and
a large subtelocentric Y chromosome in the whole chromosome set (5, 7).

Yiksel (5) found 52 chromosomes in S. ehrenbergi. The whole chromosome set of this
species includes 3 pairs of metacentrics, 2 pairs of submetacentrics, 6 pairs of submetacentrics,
14 pairs of telocentrics, a large submetacentric X and a medium sized subtelocentric Y
chromosome.

In S. leucodon, silver stained plates were compared with karyotypes given by Yiksel (5);
Gulkag ve Yiksel (7). 3 pairs of the subtelocentric nucleolar chromosomes were found to be
consistent in size with st , st, and st, named by Ylksel (5); Gilkag and YUksel (7).

In S. ehrenbergi, silver stained Ag-NORs karyotypes were compared with karyotypes given
by Ylksel (5). 2 pairs of the subtelocentric nucleolar chromosomes were identical in size with
st, and st, as named by Yiksel (5).

The Ag-NORs on homologue chromosomes do not exhibit heteromorphism in either S.
leucodon or S. ehrenbergi. In both species, nucleolar chromosomes have the same morphology.

The NORs bearing chromosomes, as well as the position of NORs on the chromosomes,
usually present remarkable diversity among the species (8). It seems that alterations of the
NORs have occurred in close relation to the species differentiation and evolution (9). Many of
the previous relationship studies of many taxa were based on variations and polymorphism of
the nucleolar chrosomes (3, 9,-19).

In discussion of the karyotype evolution of S. leucodon and S. ehrenbergi from the central
Eurphrates basin, Yiksel (5) concluded that the evolution of the karyotype took the course of
a decrease in the diploid number of chromosomes, particularly in the number of acrocentrics and
from this point of view, S. leucodon from Malatya seems to be the most primitive one. Through
Robertsonian variation (i.e. centric fusion), two acrocentric chromosomes may fuse at the
centromere to produce one biarmed chromosome. Thus, this mechanisms allows the evolution
of the Kkaryotype in such a way that the diploid number is reduced but the fundamental number
is kept constant. Fundamental numbers, on the other hand, may change by pericentric
inversions through which some acrocentric chromosomes may be converted into biarmed
chromosomes without changing the chromosome number (5).

In S. ehrenbergi, a primitive subtelocentric chromosome bearing NORs (probably st, in S.
leucodon) changed into a metacentric or submetacentric chromosome due to Robertsonian
translocation. This translocation caused the loss of paracentric NORs parallel with a decrease in
the diploid number in Sehrenbergi. Similarly, the loss of paracentric NORs due to Robertsonian
translocation were reported in the course of chromosome evolution of four species of Microtidae
by Sanches et al. (14) and South American cricetid Graomys griseoflavus by Zambelli and Vidal-
Raja (19). In addition to Robertsonian variation, the role of pericentric inversions was discussed
in the karyotype evolution of Pagellus bogaraveo. In relationship studies, the significance of
NORs affected by pericentric inversions was mentioned by Vitturi et al. (15).
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In the light of recent findings, we can say that S. leucodon is a primitive species compared
with S. ehrenbergi. This presumption has been mentioned in the discussion of chromosomal
evolution of Spalax from Turkey (5).

In the case of mole rats, natural barriers are not even necessary, in the classic sense, in as
much as mole rats in peripheral situations live in small, somewhat isolated populations and their
motility, in general, is very restricted. Such populations are excepted to be highly inbred and
gene exchange is restricted to between them. The achievement of relatively rapid fixation of new
karyotypes prevents hybridization, and also often results in the evolution of pre- and post-
mating reproductive isolation. Ultimately, the gene pools became more or less separated and the
species level was practically reached. Thus, a change in the karyotype may affect the genome in
a variety of ways involving both adaptation and speciation. It is possible to establish complete
reproductive isolation due to chromosomal and ethological incompatibility.
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