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Abstract. A specially optimized restriction analysis of Introduction
highly repetitive DNA elements, called DNA taxonprint,

was applied for phylogenetic study of primates and liz-Since the development of DNA sequencing technology,
ards. It was shown that electrophoretic bands of DNAnycleotide sequence data have been successfully used to
repeats revealed by the taxonprint technique have valureconstruct phylogenetic relationships among and within
able properties for molecular systematics. Approxi-aimost all the main taxa and phyla. These investigations
mately half of taxonprint bands (TB) are invariable and have resolved many evolutionary enigmas. Nevertheless,
do not disappear from the genomes during evolution okeconstructing phylogenetic relationships from DNA se-
change spontaneously. Presumably these invariablguences has produced some controversial data (Pilbeam
bands are restriction fragments of dispersed DNA re-1996; Doolittle 1997; Naylor and Brown 1997). It
peats. Another group represents variable taxonpringppears that inside gene regions there are no particular
bands that differ even between closely related speciesequences that can be used to identify species. At
These variable bands are probably represented by tamhe same time, a large body of data on genomic structure
dem DNA repeats and could be used as species-specifidicates that DNA repeats can be much more helpful
markers. It was shown that taxonprint bands are indeas molecular markers of species and higher taxa (Elder
pendent characters since the appearance of a new taxogind Turner 1995). For tandem DNA repeats the high
print band does not change the previous band pattersimilarity within a species compared to considerable di-
Phylogenetic reconstruction carried out on taxonprint data/ergence even among C|Ose|y related Species is due to
demonstrated that this approach could be of general Uti“tYhe phenomenon of concerted evolution (Dover 1982)
for molecular systematics and species identification. In the case of dispersed DNA repeats some data support
the assumption that emergence of new repeat sequences
Key words: DNA repeats — DNA restriction frag- correlates in time with the appearance of new taxa
ment analysis — Taxonprint — Molecular systematics(Singer 1982; Weiner et al. 1986; Jurka et al. 1995). So
— Lacertidae — Primates at least some types of repeats can be used as taxon
markers. The application of DNA repeat analysis to mo-
- . N _lecular systematics has been limited becuse only a small
* Present addressBiological Laboratories, Harvard University, 16 Di- . .
vinity Avenue, Cambridge, MA 02138, USA number of different types of repeats can be simply re-
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timized the method of DNA repeat detection (Fedorov etlizards and have the most complicated morphology within the whole
al. 1992)_ This is achieved by digestion of genomic DNA family. The habitat of. veloxoverlaps with that of some lacerta3.
with short-cutting restriction endonucleases followed byelegansinhabits North Africa, Middle Eastern, and Indian deserts.
isotopic end labeling of the restriction fragments and

their separation on nondenaturing polyacrylamide ge|s' Genomic DNAGenomic DNA was purified from placenta, liver,

This approach enables us to detect wide patterns of DN/&nd blood tissues by proteinase K digestion followed by phenol/
((::rloroform extraction and ethanol precipitation.

repeat bands in a 20- to 300-nucleotide range. The ban
patterns obtained for individual genomic DNA we call a

taxonprint, The appllcathn of short-cuttlng rEStr.ICtlon cubated with 5 U of restriction endonuclease (MBI, Lithuania) in20
endonucleases f_or taxonp_”nt generates avery hlgh IeV%lijits specific buffer for 4-5 h. Labeling the recessédeBmini of DNA
of smear from single copied regions of the genome Onestriction fragments (0.1.g) was carried out in 1@l of buffer [10
the autoradiographs, so the detected bands represent omi Tris—HCI (pH 7.5), 10 M MgCl,, 50 mM NaCl] in the presence

highly copied DNA repeats. Our preliminary studies of of 1 nCi of appropriate ¢**P] dNTP (Obninsk Russia), a 2aM
broad taxon sampling of more than 60 species includin oncentration of each of the three remaining cold dNTPs, and 0.1 U of

lizards. hedaeh h | . fish bovid lenow fragment (Biomaster, Russia) for 15 min at 20°C. Theil af
Izards, hedgenogs, shrews, moles, mice, 1ISNes, DOVIUS, g 5 v concentration of each of the four cold ANTPs was added, and

and silkworms (Grechko et al. 1997), have allowed Us tQne reaction was continued for an additional 10 min. The reaction was
conclude that taxonprints for all studied taxonomic stopped by the addition of EDTA to 10vh Samples (2-3.l) were
groups have the following properties: (1) all individuals electrophoresed on the same day or were stored for up to several days
from the same species have identical taxonprintS' and (Zat —20°C. Electrophoresis was carried out in 0.3 x 300 x 500-mm

. L. . ondenaturing 8-10% polyacrylamide gels with 1x TBE buffer at 700—
taxonprint bands (TB) can be subdivided into those SP€300 v and 10 W for 4-5 h. After electrophoresis the gel was dried and

cific to individual species, as well as those specific t0aytoradiographed for 16-48 h.
groups of closely related species, genera, and even fami-

lies. . Single-Strand Conformation PolymorphisfS8SCH Analysis of
In the present paper we _Used.the taxonprint approachaxonprint BandsFor preparative band purification 045y of Tad-
to study phylogenetic relationships among some repredigested DNA was labeled in 20l of buffer [10 mM tris—=HCI (pH

sentatives of the Primate order and Old World lizards?-5), 10 M MgCl,, 50 mM NaCl] contained 1Q.Ci of [a-**P]dCTP;
from the family Lacertidae. We showed that TB can bed 30uM concentration of each of cold dATP, dTTP, and dGTP; and 1

divided int f iabl . iable band ith U of Klenow fragment for 20 min at 20°C. Whole samples were pre-
Ivided Into groups of variabie or invariablé bands With ,, o4 ey electrophoresed under standard taxonprint conditions for 4 h

different characteristics. We have also shown how taxun a 1 x 200 400-mm 8% nondenaturing polyacrylamide gel with 1x

onprint data can be better applied to current systematicS.BE. After electrophoresis the gel was covered with Saran Wrap film
and autoradiographedrf@ h at20°C. The autoradiograph was used to
localize bands on the gel. Pieces of gel containing bands were excised
and transferred into microfuge tubes with 352x TE buffer (20 nM

Materials and Methods Tris, pH 7.5, and 2 il EDTA) and left overnight on a shaker (100
rpm) at 20°C. The next morning, after 1 min of centrifugation the

Species Characterization and Sources of Genomic A samples supernatant was purified twice on a Sephadex G-50 microcolumn and

of primates were prepared from ethanol-preserved tissues. All 29 hu_(_:oncentrated to 1@ by evapora_tlon. The purified bands were sub-
man placenta samples were collected in remote areas and represent &ited to standard SSCP analysis (Crita et al. 1989).

human races—Mongoloids—S5 Vietnamese, 5 Evenks, 5 Koriaks, and 2

Malagasies; Negroid—6 Equatorial Africans and 2 Malagasies; and Phylogenic Reconstructioithe maximum parsimony method was
Caucasians—4 Georgians. DNA from primates was obtained from liv-seq for phylogenetic reconstruction. Variation in band intensity
ers of three chimpanzed2an trogloydytesfwo pig-tailed macaques  4mong different species has not been taken into account, and taxonprint
Macaca nemestrinahree baboon®apio gamadryasand one Vervet  pangs have been treated as independent binary characters. The pro-
monkeyCercopithecus aethiopkizard DNA was prepared from fresh grams Mix (Wagner maximal economy), Seqboot, and Consense from
blood samples of one to five representatives of each species. Lizardg,e pyyLip (Version 3.5) package (Felsenstein 1993) were used for
from the family Lacertidae were represented mainly by the genergnferring the topology of phylogenetic trees. From the VOSTORG
Lacertaand Podarcis.The genud. acertaconsists of primitive paleo- package (Zharkikh and Rzhetsky 1990) we used the programs
arctic lizards of different geological ages (Amold 1989). Our study \ATDIS and MATTRE for dendrogram construction, followed by
included green lizards from theacerta agilis group (L. agilis, L. modification of tree structure in accordance with given topology and

strigata, L. viridis); the Lacerta saxicolagroup . mixta, L. valentini,  for tree branch length calculation based on the Fitch approach.
L. portschinskii, L. rudis, L. saxicola lindholmi, L. saxicola darevskii,

L. raddei(Eghegnadzor and Gosh populatiorishairensis, L. cauca-

sica, L. derjugini, L. practicolf andL. vivipara. L. viviparahas many

unique features and differs considerably from all other lacertas lizardsResults

TheL. saxicolagroup—Caucasian rocky and forest archaeolacertas—is

composed of closely related species which diverged about 10,000 years

ago (Darevsky 1993). This group of species inhabits Caucasian regionpopu|ati0na| Studies
only. Other studied lacertas are ancient species that inhabit East Euro-

pean and Asian areas. The gerfisdarcisis closely related to the T tv-ni h DNA les f .
genusLacertaand is represented by two species in our stiithemias wenty-nin€ human Samples from six races were

veloxandOhpiops eleganwere taken for our study as outgroups (their t€stéd by the taxonprint approach with five restriction
taxonprints are not shown hered. veloxand O. elegansare desert endonucleasedVisp, Csp@, Tad, SawBAl, Hinfl). No

Taxonprint AnalysisOne-half microgram genomic DNA was in-
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Fig. 1. SSCP analysis of humahad taxonprint bandsA, B Elec- LI TR
trophoretically purified double-strand DNA frorlag taxonprint : L L
bands of 105 and 123 bp, respectivedy.b SSCP analysis of DNA . ': '
repeats from A and B bands. Analyzed human Negroid and Caucasia
DNAs are indexed 1 and 2, respectively. a
difference among more than 100 bands of human indi- -
viduals was found (results not shown). 43 333-3%

To examine further the nature of taxonprint bands we; ;222 8==22
applied single-strand conformation polymorphism33&£&3a¢ 22
(SSCP) analysis (Orita et al. 1989). The SSCP study 0 sl = P
human genomic DNA digested with restriction endo- 192
nucleases provided little additional information because
of the high background (data not shown). To improve i
this approach, we purified DNA from individual taxon- 113
print bands and then subjected them to SSCP analysi: i
We studied DNA from 10Tad taxonprint bands in the
30- to 110-bp range from Caucasian and Negroid huma
individuals (Fig. 1). Every taxonprint band tested yielded &0
from 4 to 10 thinner bands on the SSCP gel. As both
DNA strands of restriction fragments were labeled, these
thinner bands correspond to the detection of two to five
subfamilies of DNA repeats in each taxonprint band. No
difference in 56 SSCP bands was found between Caucis
sian and Negroid individuals. = -

Study of Primates =
=

We examined Old World monkeys from the guenon sub-
group, pig-tailed macaque, baboon, and vervet monkey
and from hominoids, chimpanzee and human (Fig. 2)

The Tag taxonprint (Fig. 2d) is characterized by mul- *
tiple bands; approximately half of them are common for C
all studied primates. Guenon bands on e taxon-  Fig. 2.

print are identical among all studied species in thisprimates.
group, while human and chimpanzee also have bands
identical to each others, some of which differ in inten-

= Mag, nem.

Mac, rmm.
« Papio gam
&= Papls gam,

bp M

E§. ..

52,

Biazsfts

EETEIW bp
182
—148
—125
112
-2
— ]
— B8

-

i | » =3

H

M w —2B

e
»

. i :l_

l=' ']
L)

-l‘

- ':

Y
EESEES .
mm:nmmdng
cC hpp@E=o0
S29REE5565
- W T e
12345678 9MW

d

(a) Hinfl, (b) Csg#l, (c) Msp, and (d) Tad taxonprints of

71



72

— 1% Homo Another example of taxonprint band characterization

12 is a tandem deca-satellite repeat, which is dispersed
100 within a-repeats of the green monkey genome (Maresca

4 —— P. troglodytes and Singer 1983). These satellites have an approximate

0 . . .
100 ) [Pap/o gamadryas length of 1000 nucleotides and consist of 10-nucleotide-
67.7

long, tandem repetitive elements with consensus se-
Macaca nemestrina guence AAACCGGITC. There is anMspl restriction

site (underlined) in approximately half of the character-

ized core elements. The estimated quantity of this repeat
Fig. 3. The phylogenetic relationships among studied primates baseds 1(P. The intensive bands of 12, 22, 32,42, 52, and 62
upon taxonprint data. Theumbers under the lineshow the percentage bp seen on the green monkdgspl taxonprint (Fig. 2c)

bootstrap support at each node. Thenbers above the linese genetic . ) -
distances. are likely to represent the described deca-satellite repeat.

Ceropithcus aethiops

sity. We consider thélag taxonprint not suitable for
phylogenetic analysis since a vast number of bandStudy of Lacertidae
causes a high possibility of occasional coincidence of
nonhomologous bands (see Discussion). On four othedsing taxonprint approach we studied relationships
taxonprints Mspl, SatBAI (not shown) Csibl, andHinfl within lizards of the family Lacertidae. Nine taxonprints
restriction endonucleases], there are eight bands commdrestriction endonucleaseslspl, Hinfl, Csibl, Hin6l,
for all studied primates (48- and 82-bp bands on theTad, Sty, Asu, Tru9l, (EcoRI + Hindlll)] were ob-
Hinfl taxonprint; 70 and 136 bp on thésp taxonprint;  tained for all species (four of them are shown in Figs.
and 20, 26, 43, and 178 bp on tBaBAI taxonprint). In  4a—d). In total, 211 taxonprint bands were analyzed.
addition, there are 11 bands identified only in studiedAmong these bands there are 14 bands common to all
hominoids and 2 bands specific only for all studied spe-studied lizards. Thirteen bands are common to all repre-
cies from the guenon subgroup (33 and 48 bp on thesentatives of the genetacerta, PodarcisandE. velox.
Msp taxonprint). Nineteen bands are common to ledicertaandPodarcis
In the case of monkeys, the band patterns are mostlifamong them, two bands coincide with. elegans
similar between macaque and baboon. These species difands). Twenty-four bands are specific only Rardarcis
fer only in two bands on th&isp taxonprint (macaque species. Thd.. agilis group andL. vivipara have two
has a unique band at 37 bp, while an 80-bp band iommon bands. Seven bands are specific only foithe
specific for macaque and green monkey only). Twoagilis group. Seven bands common to all studied ar-
bands are specific only for baboon and macaque (50 anchaeolacertas are revealed. The bands described are spe:
(1300 bp on thesawBAI taxonprint; not shown). Thsp cific to particular groups of related species and are re-
taxonprint is informative for the guenon subgroup, markable in the sense that all representatives of a group
whereas on this taxonprint bands characterizing humanf species have these group-specific bands without ex-
and chimpanzee are absent. At the same timeHtiné ception. So we assume that these specific bands have a
and CspBl taxonprints are informative for hominoids common origin and cannot disappear spontaneously
(there are 1MHomospecific and 7 chimpanzee-specific from the genome.
bands), but monkey-specific bands are not detectable Besides group-specific bands, there are many bands
with these restriction enzymes. unique to a single species or to a few species in a genus.
Forty-nine bands from four taxonprints (thead tax-  Only between the two speciés nairensisandL. valen-
onprint was not considered) were summarized and usetini was no difference found. At the same time, differ-
as bhinary characters for reconstructing phylogenetic reences in one to three bands between two subspecles of
lationships. The pattern of the inferred tree (Fig. 3) is insaxicola(lindholmianddarevski), two populations of..
complete accordance with the widely accepted phylogagilis, and two populations of.. raddei were found.
eny of primates (Martin 1990). These differences are interpopulational but not in-
The nature of the TB has been analyzed by examiningrapopulational.
nucleotide consensus sequences of DNA repeats of pri- The phylogenetic tree inferred from the taxonprint
mates’ genome. Very intense bands of 70 and 136 bp odata is shown in Fig. 5. High bootstrap indexes and ge-
the Msp taxonprint (Fig. 2c) and of 178 bp on the netic distance values support the existence of three
SawBAl taxonprint were found for all primates examined. monophyletic clusters among the studied species: (1) ge-
In the summarized consensus sequencélafrepeats nusPodarcis,which has diverged from all investigated
(Batzer et al. 1996) we found thrédspl sites, at 3—6, Lacerta;(2) theL. agilis group withL. vivipara; and (3)
137-140, and 205-208 bp, and t8aBAl sites, at 59— Caucasian rocky and forest archaeolacertas. For archaeo-
62 and 233-236 bp. Thus, the three bands of 70, 136, arldcertas divergence patterns moderate bootstrap support
178 bp shown above to be common to all primates arevas obtained for most branches.
likely to represent restriction fragments Afu repeats. In general, inferred by taxonprint data, phylogenetic
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Fig. 4. (a)Tad, (b) Csgbl, (c) Hinfl, and (d) Sty taxonprints of lizards from family Lacertidae.

relationships are in keeping with modern ideas abouarhaeolacertas group than to the gehaserta (Arnold
Lacertidae phylogeny based upon morphological datal989). Two subspecies &f saxicolaseem to represent
with some exceptions. We did not confirm the assump-two different species. They inhabit remote areds—
tion that genusPodarcisis more closely related to the saxicola lindholmiis strictly a Crimean lizard andl.
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7 . )
23 — Podarcic taurica

100l—8 — podarcis muralis
3 ~—Lacerta rudis

613L2 | acerta valentini ,
Lacerta raddei (G)

Lacerta raddei (E)
Lacerta derjugini

1Lacerta saxicola dar.
4—Lacerta mixta
7

Lacerta praticola

100
100 7 Lacerta caucasica
9 Lacerta saxicola lind.

s 1 5 __lacerta strigata

5 L

e —9@711—&09#3 viridis

_._9235 101 certa agilis
L2 Jacerta vivipara Fig. 5. The phylogenetic relationships among
studied lizards based upon taxonprint data. The
2 ] numbers under the lineshow the percentage

185 — Eremias velox bootstrap support at each node. Thenbers

—Ophiops elegans above the linesire genetic distances.

saxicola darevskiiis strictly a Caucasian lizard conservative and cannot disappear spontaneously from
(Darevsky 1993). The Eghegnadzor populatioh.afad-  the species genome. Such TB we call “invariable.” The
dei has some differences from other populations of thisinference of invariable TB was based on our data on
species, which was also confirmed by other biochemicalizards, primates, hedgehogs, and shrews (Bannikova et
investigations (Bobin et al. 1996). This study demon-al. 1995, 1996). We could not find a TB that was pre-
strates that the molecular genetic features of taxa, desented in a vast majority of species of a taxon but lacking
tected by taxonprints, not only correlate well with the in one or a few species, which, according to other bio-
current phylogeny, but also allow additional information |ogical data, cannot be an outgroup for the taxon. For
to be gained. instance, if all studied primates have a particular band,
then humans should also have the same band. The exis-
tence of such an “invariable” group of TB is obvious for
Discussion dispersed repetitive elements, which cannot disappear or
change in the same way in thousands of different loci in
The advantage of using taxonprint analysis for moleculathe genome. So it is most likely that the TB, represented
systematics relies on its integral characterization of theéoy dispersed repeats, composes this invariable group. In
genome. The detection of DNA repeats as an electrophazontrast to invariable bands, there are a large number of
retic band is dependent on the presence of restrictiospecies-specific bands unique to a single species. Be-
sites at identical positions in many thousands of repeatause of the large proportion of such species-specific
elements, whereas multiple point mutations in the repetibands, it appears that they can rapidly change from one
tive elements do not influence the electrophoretic mobil-species to another. This observation is in good agreement
ity of these restriction fragments. As we demonstratedwith the phenomenon of concerted evolution of tandem
TB are identical within any population and, most com- repeats, according to which DNA repeats are conserva-
monly, within a species (Bannikova et al. 1995, 1996;tive within a species but differ considerably even be-
Grechko et al. 1997). Moreover, SSCP analysis of soméween closely related species (Dover 1982). Thus, pre-
of the taxonprint bands showed their fine structure idensumably ‘“‘variable” species-specific bands are
tity within a species. represented by the fraction of tandem DNA repeats sub-
A hierarchic order of TB organization is frequently jected to concerted evolution. Both variable and invari-
seen on a higher taxonomical level: bands can be comable groups of TB can be helpful for molecular system-
mon for a group of closely related species or common foratics. Variable TB are to be applied as species-specific
larger taxa such as genus and family. This hierarchianarkers for species identification, whereas invariable
organization of band patterns reflects a common evolubands, with their remarkable stability across groups of
tionary origin of DNA repeats revealed by the taxonprintrelated species, are especially useful for the study of
approach and allows us to consider each TB as a “charphylogenetic relationships within a genus or a family. If
acter” for phylogenetic reconstruction (Vogler and De- characters cannot disappear during evolution, there is no
Salle 1994). need to carry out statistical analysis as in the case of gene
We noted that TB characters have some prominensequence data. Only a few invariable group-specific
features. Approximately half of the TB is likely to be bands can be successfully used to resolve some phylo-



75

genetic questions, as has been done, for example, in thghylogenetic relationships inferred by the taxonprint ap-
study of hedgehogs (Bannikova et al. 1995). proach, it is better to use more restriction endonucleases
There are objections to the use of restriction fragmenthat give a relatively small number of TB. These nonho-
data for input to phylogenetic analysis because restricmologous TB of different species, which occasionally
tion fragment characters are not independent: “If a newcoincide, produce a random nonsystematic error that has
site evolves between two preexisting sites, one (longeripo bias to any particular species group. Under optimal
fragment disappears and two new (shorter) ones appeartonditions this error is relatively small and should not
(Swofford et al. 1996). This criticism cannot be applied cause any serious deviations for the inferred tree.
to taxonprint analysis because there is a crucial differ- In conclusion, we showed that DNA repeat bands,
ence between the properties of single-copy DNA restrictevealed by taxonprint analysis, can be divided into two
tion fragments and restriction fragments of highly repeti-groups with different properties. One group (invariable),
tive DNA elements. From our data, in the vast majority representing parts of DNA repeats, is unable to disappear
of cases the appearance of new TB did not change ther change spontaneously during evolution. The other
patterns of preexisting TB, presumably because the argroup of bands represents those that are likely to be
rival of new bands is due to the appearance of new typekighly variable and unique to a particular species or to
or subtypes of DNA repeats and not to the appearance dhe closest species. The simple procedure of obtaining a
new restriction sites in identical positions in thousands oflarge number of variable and invariable bands on the
preexisting repetitive elements. Thus, TB characters, irsame picture makes the taxonprint approach useful for
contrast to restriction fragment characters, for single+outine phylogenetic studies. Our data suggest that tax-
copy DNA regions are independent of each other. At theonprint analysis is most appropriate for the characteriza-
same time TB characters can be linked to each other ifion of taxa not larger than a family. When comparing
there are more than two restriction sites inside a DNAmore distant taxa, the proportion of TB common to dis-
repeat element. The most profound example of such linktant species is low and, as a consequence, the error due
age among TB characters is the seven bands specific to honhomologous band coincidence is high.
vervet monkey on theVisp taxonprint (Fig. 2c). All
seven bands presumably originated from the same tarmcknowledgments. We thank Martin Todman, Lucy Stebbings,
dem deca-satellite element willispl restriction sites Samir Jafri, and Alexander Raytian for critical comments and helpful

PR ; : : discussion of the manuscript. This work was partly supported by a
inside it (Maresca and Singer 1983)' For phylOt‘jenetlc“Biodiversity” fellowship from George Soros and International Sci-

purposes it is more Corre_c_t to conS|de_r such linked TB @3nce Foundation and by Russian Foundation for Basic Research Grants
one character, but additional experimental efforts aree-04-50471 and 97-04-49753.

necessary to determine the linkage. Unconsidered link-
age in TB characters should change only the branch
length, and not the topology, of the inferred phylogenetic
tree.

The question of the homology of the same-size bandg ., £\ (1989) Towards a phylogeny and biogeography of the
from different species is very important. The fact that, | certidae: Relationships within an old-world family of lizards de-
among all analyzed closely related species, the portion of rived from morphology. Bull Br Mus Nat Hist (Zool) 55(2):209—
bands of the same length is much higher than among 257
more distant species indicates that the large majority oBannikova AA, Fedorova LV, Fedorov AN, Troitsky AV, Grechko
the common bands of closely related species is homolo- VV: Dolgov VA, Lomov AA, Mednikov BM (1995) Comparison of

ous and is a consequence of the descent relationships DNA repeats elements of mammals fam. Erinaceidae using restric-
gou ! qu ' Ips. tion analysis. Genetika 31:1498-1506 (Russian)

The prObabllhty of gn occasional coincidence of a bandBannikova AA, Dolgov VA, Fedorova LV, Fedorov AN, Lomov AA,

from a species A with any nonhomologous band from a  mednikov BM (1996) Divergence of shrews (Insectivo@ori-

species BPp)] is cidag from the data of DNA restriction analysis. Zool Zhur 75:
256-270 (Russian)

Batzer MA, Deininger PL, Hellmann-Blumberg U, Jurka J, Labuda D,
Pae) = Ne/M Rubin CM, Schmid CW, Zietkiewicz E, Zuckerkandl E (1996)
Standardized nomenclature for Alu repeats. J Mol Evol 42:3-6

. . Bobin ML, Darevsky IS, Kupriyanova LA, MacCulloch RD, Upton
where Ng Is the number of bands of species B on the DE, Danielyan FD, Murphy RV (1996) Allozyme variation in

analyzed gel, an# is the total number of bands which populations ofLacerta raddeiand Lacerta nairensis(Sauria:
can be resolved on the analyzed gel. Under optimal con- Lacertidae) from Armenia. Amphibia-Reptillia 17:233-246
ditions the resolution capacity for a taxonprint gel is Darevsky IS (1993) In: Adler K (ed) Current Research on Biology of
approximately the same as for a Sequencing ge|_ Accord- Amphibians and Reptil_es. Proceedings of the First World _Co_ngress
ing to our estimations about 300 bands can be resolved of Herpetology. Evolution and ecology of parthenogenesis in rep-

. . . tiles. Oxford, OH, Society for Study of Amphibians and Reptiles,
by the taxonprint technique. So if, for example, 10 bands 5 2139

are observed for species B, then the valuePgfy = Doolittle RF (1997) A bug with excess gastric avidity. Nature 388:
10/300= 0.03. Hence, to improve the trustworthiness of  515-516
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