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Restriction site patterns in the ribosomal DNA of Camelidae
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Abstract

The restriction map of rDNA from South American camelids and the Bactrian camel was analyzed by
digestion of high-molecular-weight DNA with endonucleases EcoRl, BamHI and the two combined followed
by Southern blot hybridization with probes for the 18S and 28S rDNA sequences. We scored a total of 17
restriction sites, six of which were mapped conserved in all the species. The other eleven corresponded to
spacer regions and revealed variations between these taxa. The study showed that the two groups differ in the
length of the internal transcribed spacer. Also they showed the existence of two regions of fast evolution on
the opposite termini of the external spacer. A restriction site present at low frequency in the non-transcribed
spacer of guanaco and llama was the only difference encountered within the South American group.

Introduction

Systematics and cytogenetics studies (Franklin,
1982; Larramendy. et al., 1984; Bunch, Foote &
Maciulis, 1985; Bianchi et al., 1986) show the four
camelids of South America - guanaco (Lama
guanicoe), alpaca (Lama pacos), ilama (Lama
glama) and vicufia (Vicugna vicugna) - to be
closely related. At the molecular level five fractions
of satellite DNA were detected in all four South
American (S.A.) camelids (Vidal Rioja et al,
1987). In situ hybridization using isolated llama
satellites as probes showed that the distribution of
these satellite sequences over the chromosomes is
rather similar for all four camelids (Vidal-Rioja et
al., 1987). Similar restriction patterns have also
been obtained with some restriction enzymes
(Vidal-Rioja et al., in preparation). These results
indicate a fairly well-conserved genome organiza-
tion of the New World camelids.

The Bactrian camel (Camelus bactrianus) and
the dromedary (Camelus dromedarius) - represen-
tatives of Old World camelids - have cytogenetic

similarities to their S.A. relatives (Capanna &
Civitelli, 1965; Bunch, Foote & Maciulis, 1985) in
that they share the same karyotype and C and NOR
banding distribution. Their chromosomes may also
be matched precisely by G banding. Therefore,
Bunch, Footz and Maciulis (1985) inferred that
either gene mutations and/or differences in the
number of certain DNA sequences may account for
some of the divergent evolution observed between
Old and New World camelids. Thus far, however,
neither genome molecular information on Old
World Camelids nor DNA comparisons to their
S.A. relatives has been reported.

In mammals, rRNA genes (tDNA) are a multi-
genic family with hundreds of copies (Long &
Dawid, 1980). These copies are tandemly organ-
ized and clustered in chromosome locations identi-
fied as nucleolar organizing regions (NORs), by
means of silver staining (Lau & Arrighi, 1977).
Recently, Vidal-Rioja, Larramendy and Semorile
(1989) reported an average of six NORs per cell in
llama, guanaco and alpaca, whereas in vicuiia there
were only three. These results were confirmed by in
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situ hybridization with a probe bearing 18S rRNA
sequences. Moreover, in vicuna there were ob-
served variations in both the number of rDNA sites
per cell and the amount of ribosomal genes per site.
Thus far, no comparable molecular information has
been reported for Old World camelids.

Each rDNA repeat unit includes a non-tran-
scribed spacer (NTS) and a coding region which
produces 18, 5.8, and 28S rRNAs. The NTS is a
useful region for the analysis of interspecific DNA
polymorphisms, due to its universal presence, high
copy number and rapid alteration (Suzuki, Mori-
waki & Nevo, 1987). In a similar fashion, com-
parative analysis of 28S rRNA genes has been
concentrated in the variable regions of these genes
(Gonzilez, Sylvester & Schmickel, 1988).

The aim of this study was to investigate restric-
tion site mapping of rDNA of S.A. and Asiatic
camelid species. The patterns obtained were then
used to evaluate variations between these taxa
(Hillis & Davis, 1986).

Materials and methods

DNA samples

DNA samples from liver and spleen biopsies of
specimens of alpaca, guanaco, vicufia and llama
were obtained according to Vidal-Rioja et al.
(1987). For DNA isolation from peripheral blood of
the Bactrian camel, the procedure of Kunkel et al.
(1977) was followed.

DNA restriction and blotting

Five micrograms of DNA from each camelid spe-
cies and from human (used as procedural contro}l)
were single and double digested with the endonu-
cleases EcoRI and BamHI (BRL) and then electro-
phoresed in 0.8% agarose (Maniatis, Fritsch &
Sambrook, 1982). ADNA/HindIIl fragments were
run in these gels as molecular size standards. After
photography the standard was cut out from the gels
and the eukaryotic DNA was blotted onto nylon
membranes (Z probe, BioRad, Ca.) following Reed
(1986).

Probe labelling and hybridization

Two human ribosomal probes were used for hy-
bridization. Probe pR18S, obtained from L. Man-
uelidis, is a 6 kb EcoRI fragment that includes most

of the 185 rRNA gene, the external transcribed
spacer (ETS) and a portion of non transcribed
spacer (NTS) (Manuelidis & Ward, 1984). Probe
pAl, obtained from I. Gonzalez, is a 7 kb EcoRI
fragment comprising most of the 28S rRNA gene,
the internal spacers (IS) and 200 bp 3’ of the 18S
rRNA gene (Erickson et al., 1981).

All probes were radiolabeled by nick translation
using the Nick Translation Reagent Kit of BRL and
dGTP [«32P] (3000 Ci/mmol, NEN, Dupont).

Hybridizations were carried out in 1.5 X SSPE
(20 X SSPE = 3.6M NaCl; 0.2M sodium phos-
phate buffer pH 7; 0.2M EDTA), 1% SDS (sodium
dodecyl sulfate), 0.5% BLOTTO (10 g nonfat dry
milk per 100 ml sterile water plus 0.2% sodium
azide), 0.1 mg/ml denatured salmon sperm DNA
plus probe with a final concentration of 2 X 106
cpm/ml at 68>C for 20 h. Afterwards, the mem-
branes were washed with decreasing concentrations
of SSC plus 0.1% SDS until a final wash of 0.1%
SSC, 1% SDS at 65°C during 30 min. Then, the

Table 1. Ribosomal DNA fragments generated by the endonu-
cleases EcoRI and BamHI in the genome of the S.A. camelids
and the Bactrian camel.

Species S.A. camelids Camel
Fragment Length (kb) Length (kb)
E,E, 15.0 15.0
E.E, - 9.8
EE, 9.1 -
E,E, 6.1 -
E,B, 02 -
B,E, 2.8 -
E,B, 3.0 -
E,B, - 3.6
B,B, 5.8 -
BB, - 32
B,B, 20 -
B,B, - 1.9
B,E, 11 1.1
E,B, 5.1 4.9
B,B, 14 15
B,E, 1.8 1.7
E,B, 0.95 -
E,B, - L0
E,B, - 1.1
B,B, - 27
B,B, 2.75 -
B,B, - 2.8
E,E, 8.3 8.1
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Fig. 1. 32P-18S rDNA hybridization pattern of human (h), camel (c), alpaca (a), guanaco (g), vicuiia (v) and llama () DNAs digested
with EcoRI (A), BamHI (B) and EceRI + BamHI (C). Size markers (kb) obtained by digesting ADNA with HindIII are denoted

to the left.

membranes were autoradiographed (Agfa-Gevaert
film) at —800C with intensifying screens for
24-72 h.

A map of the EcoRI and BamHI sites in the
rDNA unit of camelids was constructed using as
reference the sites conserved between human and
camelids.

Locations of EcoRI and BamHI sites were as-
sessed by averaging the results of four different
experiments of restriction and hybridization.

Results

Restriction site analyses of the rDNA unit

Figure 1A shows an EcoRI digest of rDNA from
New and Old World camelids hybridized with
probe pR18S. The human rDNA pattern (used as

procedural control) agrees well with that of
Ambheim et al. (1980). All camelids have a major
band of 15 kb. Minor bands of 9.1 kb and 6.1 kb
also appear in the lanes of S.A. camelids. The Bac-
trian camel has a minor band of 9.8 kb. In each
camelid, all these minor bands may derive from a
few copies of the ribosomal unit having polymor-
phisms of the EcoRI site on the external spacer.
Both major and minor bands produced by cleavage
with EcoRI and seen in Fig. 1A are plotted in the
map of Fig. 3A-B as segments E,E, and EE),EE,
and E,E,, respectively. Table 1 summarizes these
data and includes the length of the segment for the
two camelid taxa reported here.

Figure 1B shows DNA samples digested with
BamHI and probed with 18S rDNA sequences. Un-
der our conditions, the patterns obtained for human
DNA agree completely with those described by
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Fig. 2. 32P-28S rDNA hybridization pattern of human (h), camel (c), alpaca (a), guanaco (g), vicuiia (v) and llama (1) DNAs digested
with EcoRI (A), BamHI (B) and EcoRI + BamHI (C). Size markers (kb) obtained by digesting \DNA with HindIII are denoted

to the left.

Wilson et al. (1984).

Hybridization of S.A. camelids DNAs shows
three major bands of 6.2, 5.8 and 2.0 kb, which in
the map correspond to fragments B,B,, BWBy and
BB, respectively. Light bands detected (present in

only few ribosomal units) include one of 5.0 kb .

found in all S.A. camelids but in different amounts,
and another of 4.5 kb, found only in llama and
guanaco (Fig. 1B). Due to their polymorphic char-
acter, these fragments are not included in the map.
However, because the 4.5 kb fragment appears in
two different camelids (guanaco and llama), it is
considered informative. We conclude that this frag-
ment originates from cuts in B and a site between
B,, and E,. In camel the pattern obtained has two
prominent bands of 6.0 and 1.9 kb and a minor one
of 3.2 kb. In Fig. 3B, these bands are mapped as
fragments B,B,, B,B, and B,B,, respectively. Ac-
cording to these results, fragment B, B, is 200 bp
shorter in the camel than in S.A. camelids.

Hybridization of EcoRI-BamHI double-digested
DNA with pR18S probe results in two major bands
in the lanes of each camelid. One extends from the
B, site within the 18S gene to B, or B, into the
external spacer and differs between Old and New
World camelids by 0.1 kb (Table 1); the other,
occurring within the B,E, coding region, has 1.1 kb
and seems conserved from human to camelids
(Fig. 1C; Fig. 3A-B). Light bands corresponding to
fragment BB, in camel, and to E B, in guanaco
and llama were detected. Other fragments mapped
in Fig. 3 (Ewa, B,E, and E B,) are beyond the
region covered by the probe and consequently not
detected by hybridization.

Figure 2 shows the restriction enzyme patterns
obtained with probe pAl containing 28S se-
quences. Fig. 2A shows the unique band detected
with this probe on EcoRI digestions in human
DNA,; this pattern agrees with the one showed by
Erickson et al. (1981). In camelids this fragment is



slightly different between the Bactrian camel and
the S.A. group. The size of this segment flanked by
sites E,E, (Fig. 3A-B) is 8.1 kb and 8.3 kb, respec-
tively. The human rDNA digested with BamHI and
probed with 28S rDNA sequences produced a pat-
tern totally coincident with others from the litera-
ture (Arnheim et al., 1980; Maden et al., 1987). The
BamHI portion within the 28S gene in camel DNA
(B,B,) is slightly larger than that in S.A. camelids
(Fig. 2B; Fig. 3A-B; Table 1). On the other hand,
the BamHI fragment B, B, appears shorter, in camel
(6 kb) than in S.A. camelids (6.2 kb). It is worth
noting that this 200 bp size difference among the
camelids is similar to the difference observed in the
E,E; camelid segment (Fig. 3A-B; Table 1). We
suggest that a longer ITS in New World camelids
may explain this size variation. In camel, a length
polymorphism is éxpected by the overlap of bands
drawn as B,B_ and B3Bq, the two of them different
from the single B,B, deduced for S.A. camelids.
This possibility was assessed with the probe pABE,
a recombinant plasmid having a 1625 bp BamHI-
EcoRI human fragment from the 28S gene
(Erickson et al., 1981). When this probe was hy-
bridized to camelid DNA digested with BamHI,
one band of 2.75 kb was detected in the S.A. came-
lids, whereas two bands of 2.7 kb and 2.8 kb were
identified in the Bactrian camel (data not shown).
Hybridizations of the pAl probe on BamHI-
EcoRI double-digested DNAs (Fig. 2C) highlight
size differences between segments B,B; and B,E,
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(Fig. 3A-B) of the 28S rRNA gene from S.A. came-
lids and from the camel. In S.A. camelids, these
fragments were approximately 1.4 kb and 1.8 kb,
respectively, while in the camel they were 1.5 kb
and 1.7 kb long (Table 1). Moreover, variants of the
EcoRI-BamHI fragment E,B, are also suggested by
these assays (Fig. 2C and Fig. 3A-B). Fragments
E;B,, E3Bp and E3Bq, not detected by probe pAl
were, however, deduced for the 3’ portion of the
rDNA unit.

Discussion

A series of interesting features was revealed by
mapping the tDNA of Camelidae using restriction
fragment analysis and Southern hybridizations with
probes for 18S and 28S rRNA genes. In the 18S
tRNA gene, the positioning of EcoRI and BamHI
sites had been conserved in the five camelids stud-
ied here. These findings agree with the notable
evolutionary stability of the 185 rDNA among
vertebrates. For example, the divergence between
Xenopus and human 18S rRNA gene has been re-
ported to be 2.5% and between human and rodents
0.37% (mouse) to 0.45% (rat) (Gonzalez et al.,
1985), even though these lineages have been sepa-
rated from one another by 200 MYR and 90 MYR,
respectively. Within the 28S tRNA gene the pres-
ence of an EcoRlI site (E;) and two BamHI (B, and
B,) sites was confirmed for S.A. camelids and the
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Fig. 3. Restriction map of S.A. camelids (A) and Bactrian camel (B) rDNA unit. E and B indicate restriction sites for EcoRI and BamHI,
respectively. Conserved sites within the 18S and 285 genes (boxes) and in the NTS (thin lines) are denoted by the numbers below.
Mutated sites in the NTS are represented by subscript letters. pR18S and pA1 represent the length of probes used.
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camel. However, the individual segments included
between these sites show slight length differences
between the two groups of camelids. Accordingly,
fragment B,B; in camel is larger than its counter-
part in S.A. camelids and B,E; is shorter (Table 1).

The largest subunit of tDNA in several organ-
isms exhibits considerable length variation. This
variation generally correlates with the time elapsed
since they diverged, and ranges from 2900 bp in
prokaryotes to 3392 bp in yeast to 5025 bp in hu-
mans (Gonzalez et al., 1985). These size variations
are known to occur by expansions or contractions
of ‘variable joining sequences’ at specific points
within the gene. Different terms have been pro-
posed for these variable sequences: divergents or
‘D domains’ (Hassouna Michot & Bachellerie,
1984), ‘expansion segments’ (Clark et al., 1984) or
‘variable regions’ (Chan, Olivera & Wool, 1983).
In our results the variations visible in Fig. 2C alter
neither the presence of B or E sites nor the total
length of the fragment B,E, (Fig. 3A-B). Conse-
quently, it seems reasonable to assume that the
differences detected may correspond to insertion/
deletion events that are able to expand or contract
these zones of the 28S gene. Another mechanism
suitable to induce these variations without modify-
ing the length of B,E, would be an inversion that
changes the position of B;. Cloning and compara-
tive sequencing of individual fragments from the
two taxa will be necessary to identify the true na-
ture of these assumptions.

The hybridization patterns shown in Figures 1
and 2 provide direct evidence about several ribo-
somal DNA fragments that differ in length between
S.A. camelids and camel. When these fragments are
plotted in the maps of Fig. 3, we invariably find that
they are fully or partially constituted by sequences
of spacer regions. These data indicate extensive
heterogeneity mostly of the long non-transcribed
spacer among the camelids. This region has been
reported to vary among species, individuals, and
even among repeats of the ribosomal gene family
within individuals (Krystal & Arnheim, 1978).
Similar variation was observed in the present study.
The E,E, 15 kb band detected by the pR18S probe
in all camelids was truncated in some of the camel
ribosomal repeats by the presence of an E_ site in
the external spacer, resulting in the 9.8 kb fragment
E E,.In S.A. camelids this truncation occurs in two
different positions, giving rise to three classes of

long external spacer: the most common 15 kb frag-
ment, shared with the Bactrian camel, a 9.1 kb
fragment containing the E_ site and, a 6.1 kb frag-
ment with the E, site (Fig. 3A). The lower fre-
quency of the hybridization bands corresponding to
fragments E.E,, E E, or E E, as compared with that
of the E,E, segment may be due to a low number of
repeats that include these variations.

During BamHI digestions, the segment including
the external spacer and the 18S gene of camel is cut
into three fragments. The largest one would repre-
sent portions of the 18S ribosomal gene extending
in the 3’ (B,B, fragment) and 5’ directions (BB,
segment). The 3.2 kb band (Fig. 1B) appears to be
a B,B, fragment derived from a low number of
ribosomal units. In S.A. camelids the 18S probe
detects a B, B, 5.8 kb segment within some repeats.
Moreover, if we assume that in certain of these
ribosomal repeats the B, site is displaced towards
the B, site, then we can explain the 5 kb fragment
found in the four camelids and the 4.5 kb fragment
found only in llama and guanaco (Fig. 1A). In fact,
this last feature is the only difference we were able
to observe among the four species of the S.A. taxa.

When hybridized on BamHI digested DNAs, the
probe pA, provided some information about the 5
end of the long external spacer. In several organ-
isms this region varies even among very closely
related species (Brown, Wensink & Jordan, 1972;
Arnheim et al., 1980; Suzuki, Moriwaki & Nevo
1987). In the Bactrian camel, this region has two
BamHI sites (B, and Bq) distributed among differ-
ent TDNA units, whereas the S.A. camelids have
only one site (B within the repeats (Fig. 2B;
Fig. 3A-B).

Within Artiodactyla, the rDNA of calf was the
first to be isolated and studied in its organization.
Meunier-Rotival et al. (1979) reported the size of
the rDNA subunit as 33 kb. In camelids, our exper-
iments with the pR18S and pA1 probes covered 26
kb of rDNA sequences, leaving a stretch of the
external spacer between the B_ or B_ site in the 3’
region of one TDNA unit and the E, site in the 5’
region of the next unit without characterization.
Calf and camelids rDNAs are similar in having
restriction fragment length heterogeneity in two re-
gions of the external spacer, one adjacent to the 3’
end of the 28S gene and the other about 8 kb 5
from the beginning of the 18S gene. Finally, our
data rule out the presence of a BamHI site within



the ITS of camelids similar to the site reported in
calf (Meunier-Rotival et al., 1979).

The origin of Camelidae may be traced back to
40-45 MYR ago in North America. By the late
Miocene, the ancestral camelids diversified into the
Pliauchenia and Procamelus forms, which late in
the Pliocene reached South America and Asia, de-
veloping the modern taxa Lama/Vicugna and
Camelus (for revisions see Franklin, 1982, and
Wheeler, 1991). These data suggest that the two
lineages have been evolving separately for the last
5-10 MYR. This separation has resulted in a series
of changes among which the restriction enzyme site
variation in the rDNA unit was analyzed here. The
results document the occurrence of a minimum of
ten mutations since the S.A. lineage diverged from
its common ancestor with camel. OQur data also
support the ample conservatism reported previ-
ously for the S.A. group. Nevertheless, the finding
of one mutation shared by guanaco and llama may
suggest a closer relationship between these two
camelids. This possibility is being investigated fur-
ther by analysis of highly repetitive DNA.

Acknowledgements

We thank the following people for reading, com-
menting on and improving this work: P. Hoch, P.
Berry and C. Bult. We also thank the assistance of
S. Moya-Galli in editing and typing this manuscript
and D. Grasso by computer drawing of restriction
enzyme maps. This investigation was supported by
grants from CONICET and CIC of Argentina.

References

Ambheim, N., M. Kristal, R. Schmickel, G. Wilson, O. Ryder &
E. Zimmer, 1980. Molecular evidence for genetic exchanges
among ribosomal genes on nonhomologous chromosomes in
man and apes. Proc. Nat. Acad. Sci. USA 77: 7323-7327.

Bianchi, N. O., M. L. Larramendy, M. S. Bianchi & L. Cortés,
1986. Karyological conservatism in South American came-
lids. Experientia 42: 622-624.

Brown, D. D, P. C. Wensink & E. Jordan, 1972. A comparison
of the ribosomal DNAs of Xenopus laevis and Xenopus
mulleri: the evolution of tandem genes. J. Mol. Biol. 63:
57-73.

Bunch, T. D., W. C. Foote & A. Maciulis, 1985. Chromosome
banding pattern homologies and NORs for the bactrian
camel, guanaco and llama. J. Heredity 76: 115-118.

121

Capanna, E. & M. V. Civitelli, 1965. The chromosomes of three
species of neotropical Camelidae. Mammal. Chrom. News
Lett. 17: 75-79.

Chan, Y. L., J. Olivera & 1. G. Wool, 1983. The structure of rat
288 ribosomal ribonucleic acid inferred from the sequence
of nucleotides in a gene. Nucl. Acids Res. 11: 7819-7831.

Clark, G. C., B. W. Tague, V. C. Ware & S. A. Gerbi, 1984.
Xenopus laevis 28S rihosomal RNA: a secondary structure
model and its evolutionary and functional implications.
Nucl. Acids Res. 12: 6197-6220.

Erickson, J. M., C. L. Rushford, D. J. Dorney, G. N. Wilson &
R. D. Schmickel, 1981. Structure and variation human ribo-
somal DNA: molecular analysis of cloned fragments. Gene
16: 1-9.

Franklin, W. L., 1982. Biology, ecology and relationship to man
of the South American camelids. In: M. A. Mares and H. H.
Genoways (eds.). Mammalian biology in South America,
Vol. 6. The Pymatuniang Symposia in Ecology, Pittsburgh:
457-489.

Gonzilez, I. L., J. L., Gorski, T. J. Campen, C. D. Dorney, J. M.
Erickson, J. E. Sylvester & R. D. Schmickel, 1985. Variation
among human 288S ribosomal RNA genes. Proc. Natl. Acad.
Sci. USA 82: 7666-7670.

Gonzalez, I. L. & R. D. Schmickel, 1986. The human 28S
ribosomal RNA gene: Evolution and stability. Am. J. Hu-
man Genet. 38: 419-427.

Gonzalez, 1. L., J. E. Sylvester & R. D. Schmickel, 1988. Human
288 ribosomal RNA sequence heterogeneity. Nucl. Acids
Res. 16: 10213-10224.

Hassouna, N., B. Michot & J. P. Bachellerie, 1984. The com-
plete nucleotide sequence of mouse 28S rRNA gene. Impli-
cations for the process of size increase of the large subunit
rRNA in higher eukaryotes. Nucl. Acids Res. 12: 3563-3585.

Hillis, D. M. & S. K. Davis, 1986. Evolution of ribosomal DNA:
Fifty million years of recorded history in the frog genus
Rana. Evolution 40: 1275-1288.

Kristal, M. & N. Amheim, 1978. Length heterogeneity in a
region of the human ribosomal gene spacer is not accompa-
nied by extensive population polymorphism. J. Mol. Biol.
126: 91-104.

Kunkel, L. M., K. D. Smith, S. H. Boyer, D. S. Borgaonkar, S.
S. Wachterl, O. J. Miller, W. R. Breg, H. W. Jones & J. M.
Rary, 1977. Analysis of human Y chromosome specific reit-
erated DNA in chromosome variants. Proc. Natl. Acad. Sci.
USA 74: 1245-1249.

Larramendy, M., L. Vidal-Rioja, M. Bianchi & N. O. Bianchi,
1984. Camélidos Sudamericanos: Estudios Genéticos. Bo-
letin de Lima 35: 92-96.

Lau, Y. F. & F. E. Arrighi, 1977. Comparative studies of N-
banding and silver staining of NORs in human chromo-
somes. In M. E. Drets, N. Brum Zorrila and G. Folle (eds.)
Aspects of the Chromosome Organization and Function.
Monograph of Joint Seminar and Workshop. Montevideo,
Uruquay: 49-55.

Long, E. O. & I. B. Dawid, 1980. Repeated genes in eukaryotes.
Ann. Rev. Biochem. 49: 727-764.

Maden, B. E. H,, C. L. Dent, T. E. Farrell, J. Garde, F. S.
McCallum & J. Wakeman, 1987. Clones of human ribo-
somal DNA containing the complete 18S-rRNA and 28S-
rRNA genes. Characterization, a detailed map of the human



122

ribosomal transcription unit and diversity among clones.
Biochem. J. 246: 519-527.

Maniatis, T., E. F. Fritsch, & J. Sambrook, 1982. Molecular
cloning: a laboratory manual. Cold Spring Harbor Labora-
tory, Cold Spring Harbor, New York.

Manuelidis, L. & D. C. Ward, 1984. Chromosomal and nuclear
distribution of the HindIII 1.9 kb human DNA repeat seg-
ment. Chromosoma 91: 28-38.

Meunier-Rotival, M., J. Cortadas, G. Macaya & G. Bemardi,
1979. Isolation and organization of calf ribosomal DNA.
Nucl. Acids Res. 6: 2109-2123.

Reed, K. C., 1986. Nucleic acid hybridizations with DNA bound
to Zeta-Probe membrane. Bulletin 1234. Bio-Rad Laborato-
ries.

Suzuki, H., K. Moriwaki & E. Nevo, 1987. Ribosomal DNA
(rDNA) spacer polymorphism in mole rats. Mol. Biol. Evol.
4: 602-610.

Vidal-Rioja, L., L. Semorile, N. O. Bianchi & J. Padron, 1987.
DNA composition in South American camelids. I. Charac-
terization and in situ hybridization of satellite DNA frac-
tions. Genetica 72: 137-146.

Vidal-Rioja, L., M. L. Larramendy & L. Semorile, 1989. Ag-
NOR staining and in situ hybridization of tDNA in the
chromosomes of the South American camelids. Genetica 79:
215-222.

Wheeler, J. C., 1991. Origen, evolucion y status actual. In: S.
Fernandez-Baca. Ed. Avances y Perspectivas del Cono-
cimiento de los Camélidos Sud Americanos. Santiago, FAO,
Oficina Regional de la FAO para América Latina y el Caribe.
pp. 11-48.

Wilson, G. N., M., Knoller, L. Szura & R. D. Schmickel, 1984,
Individual and evolutionary variation of primate ribosomal
DNA transcription initiation regions. Mol. Biol. Evol. 1:
221-237.



