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Abstract. Multiple band patterns of DNA repeats in taxonprint analysis a valuable tool for taxonomic and
the 20-500-nucleotide range can be detected by digesphylogenetic studies.

ing genomic DNA with short—cutting restriction endo-

nucleases, followed by end labeling of the restrictionKey words: Repetitive DNA sequences — Molecular
fragments and fractionation in nondenaturing polyacryl-phylogeny — Lacertidae — Mammalia — Taxonprint
amide gels. We call such band patterns obtained from
genomic DNA “taxonprints” (Fedorov et al. 1992).
Here we show that taxonprints for the taxonomic groups; o quction
studied (mammals, reptiles, fish, insects—altogether

more than 50 species) have the following properties: (1) . o )
All individuals from the same species have identical tax-~ Study of repetitive DNA sequence variations promises

onprints. (2) Taxonprint bands can be subdivided intol©® Provide important information about genetic structure

those specific for a single species and those specific fof"d dynamics of natural populations as well as determi-
groups of closely related species, genera, and even fam@_at[on of intra- andllntertaxa relationships. A direct com-
lies. (3) Each restriction endonuclease produces uniquB@'ison of nucleotide sequences seems to be the most
band patterns; thus, five to ten restriction enzymes (abodfformative approach. However, sequencing is too ex-
100 bands) may be sufficient for a statistical treatment of€NSivé and time consuming for analysis of the vast
phylogenetic relationships based on polymorphisms oftUmbers of individual DNAs often required for popula-
restriction endinuclease sites. We demonstrate that ta{ion and phylogenetic studies. Another traditional
onprint analysis allows one to distinguish closely relatedM®thod of DNA analysis, restriction fragment length

species and to establish the degree of similarity among®lYmorphism (RFLP), is generally used for population
species and among genera. These characteristics maR&!dies, but its application as a taxonomic and phyloge-
netic tool was not developed because of difficulties in
identifying taxa on the species level.

Earlier, several authors noticed the species specificity

Correspondence tov.V. Grechko of highly repetitive sequences of genomic DNA and tried
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to use this phenomenon for phylogenetic aims (Cooke1 2345678 M (bp)
1975; Christie and Skinner 1979; Brown and Dover

1979, 1980; Elizur et al. 1982; Hembelen et al. 1982;* # § * -

Buckland 1983; Dandieu et al. 1984; Lima de Faria et al. . —162

1984; Shubina and Mednikov 1986; Turner et al. 1991), - -

but this approach has not been extensively applied. I 3 i

this paper we have reexamined the problem on the bas . . . —125

of our own preliminary results, partly published in Rus- « i i - 92

sian journals, confirming the ideas about possible corre !

lations between evolution of DNA repeats and speciatior | i : -

(Fedorov et al. 1992; Grechko et al. 1993; Potapov anc Pt i—69

Ryskov 1993). 21111

We have demonstrated that the modified method des~ * & = & £ £

ignated “DNA taxonprint” (Fedorov et al. 1992) can be 31 1 i. 3 ;

effectively used for revealing species—specific genomic'; o : i -4 |

markers in different taxonomic groups. These taxonprini = : cee

markers are found to be helpful for evaluation of the s ii; E,_E -=

degree of species similarity between species, genera, ar = * 41

families. More than 50 species from different taxa were S S8 222

studied. T.E.._;,;;;_;_ss
Se"Sons
$resss

Materials and Methods mastss

Genomic DNA was purified from blood and other tissues using stan- a : : : : “s— 28
dard protocols with proteinase K digestion followed by phenol/ | & S8 -
chloroform extraction and then hydrolyzed with some restriction en-
donuclease. Instead of agarose gel fractionation and ethidium bromidgig. 1. Hinfl taxonprints of DNA of several human individuals from
staining, which have poor sensitivity, we have used an approach similapopulations of different race. Mongoloids: Viethamésg2), Koryacs
to that known as the mtDNA restriction mapping method (Brown (6), Evenks(7, 8),; Negroids: Blacks from Central Africé8), Blacks
1980), which can also be applied to reveal some DNA repeats (Southfrom Madagasca(5); Europeoids: Georgiang). Each population is
ern 1975; Donehower and Gillespie 1979). The “sticky’-3ends of  represented by five to six individuals (total number 29, all of them
the restriction fragments were labeled in a Klenow reaction with-[  giving taxonprints identical to those shown hefd}—markers in base
32P]dNTP and aliquots of the reaction mixture (about @dLper slot) pairs (pBR322 digested witkispl).
were electrophoresed in 10% nondenaturing polyacrylamide gel in
Tris—borate buffer, pH 8.3 (Sambrook et al. 1989). The gel was dried
on the glass plate (Garoff and Ansorge .1981) and radloautogre}phedTable 1. Species studied

Molecular data generated by taxonprints were analyzed by distance
analysis (for lizards) and by parsimony analysis (for hedgehogs). The
absence and presence of radioautograph bands with the same electr
phoretic mobility were designated by 0 and 1, respectively. Two sum-
mary binary matrices based on lizard data (five restriction endonucle-inermis, Paracottus kneriAsprocottidae:Asprocottus herzensteinii
ases) and on hedgehog data (nine restriction endonucleases) Wer/ﬁbissoéottidaeLimnocottus megal0p£omephoridaeComephorus.
calculated. The UPGMA cluster analysis (Sneath and Sokal 1973) Wasdibowskii Lacertidaelacerta mixta, L. valentini, L. portschinskii, L
performed on the basis of pairwise D distances (Nei and Li 1979) with raddei L. nairensis. L armeniaca’ L. dahli. L ’rolstombekovi L dz_
the NTSYS package, version 1.8 (Rohlf 1993). The construction of theZeIIi L’ I’l..ldiS L sa>;icc')la L cauca{siéa L ;;ra'ticola L derjug;ini' L
parsimony tree and its analysis were performed by the program S C o - C |

PHYLIP, version 3.5 (Felsenstein 1993), according to Bannikova et al. agllls,_ L. str|gat§, L. V.deS; L. vivipara, F’O(-iaI’CIS t:_;\urlca, P. mur_alls;
(1995). Eremias velox; Ophisops eleganEeiidae: Cnemidophorus unipa-

rens.Muridae: Mus musculugpopulations from Moscow, Cuba, Ka-
zakhstan, Uzbekistan, Peru, and Balb&)pdemus sylvaticUpopu-
lations from Moscow Region, East and West Caucasus, and Bulgaria);
Results A. agrarius(populations from Moscow and Novgorod Regions, East
Mongolia, and Tuva). Cricetida®hodopus sungorus, Ph. campbelli,
Figure 1 shows a typical taxonprint picture obtained aﬂerPh. roborovskipopulations from East Mongolia and Tuva). Bovidae:

A L. . . ... Bostaurus, B. indicus; Bison bison, Bis. bonansus; Ovis orientalis, O.
Hinfl restriction endonuclease digestion of several indi- yymondomestic sheep (six pedigrees). Cervidaapreolus capreo-

vidual human DNA samples from representatives of jus; Cervus nippon, C. elephuBombicidae:Bombyx mori(clones

populations of different world races (Table 1). Eight “Bukhara,” “Margelanskaya,” Ukrainian” 14, 15, and New,

from the 29 total samples are presented. All these DNA"Mereffa” 6 and 7, parthenoclones PC9, 4P29, and PCFbxFb7). Hu-

samples give identical and enzyme-specific taxonprints.Mans: Mongoloids (Vietnamese, Koryacs, Evenks); Europeans (Geor-
. ians); Negroids (from Central Africa and Madagascar)

No differences between DNA samples were observedg

Erinaceidae:Erinaceus europaeus, E. concolor, E. amurensis, E.
8auuricus; Hemiechinus auritus, H. hypomeld@slpidae: Talpa eu-
ropea; Mogera robustaCottidae:Cottus kessleri; Cottocomephorus
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"archeaeolacertas"
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- Fig 2. Tad taxonprints of family
- — 182 Lacertidae lizards DNA.
1—Podarcis taurica; 2, 3-P.
... — 162 muralis; 4, 5—Lacerta mixta; 6,
| — 149 7—L. valentini; 8, 9—L.
portschinskii; 16—L. armeniaca
(parthenoclone)11—L. dahli
- I e (parthenoclone)i2—L. raddei
(Egegnadzor)13—L. raddei
- — 112 (Gosh);14—L. raddei (Chosrov);

15—L. nairensis; 16—L.
unisexualis(parthenoclone)17—L.
rostombekov{parthenoclone);
- 18—L. rudis chechenica; 19-L.
rudis obscura; 26-L. saxicola
_ lindholmi; 21—L. saxicola
h ! : - darevskii; 22—L. caucasica
\ daghestanica; 23-L. strigata;
24—L. viridis; 25—L. agilis agilis;
26—L. agilis boemica; 27-L.
L LA -. .. Tl agilis chersonensis; 28-L.
'.'..m S I BT TR 4 A vivipara; 29—L. praticola; 30—L.
o derjugini; 31—Eremias velox;
= 32—Ophisops elegans.

*

when four other endonucleaségfl, Csgpl, Msp, and  cies groups. Another group of similar taxonprints is
BsLRI) were tested. formed by “green” lizards (lanes 23-28) and by two
Our study of individual DNA samples from different species ofPodarcis genuglanes 1-3). Other genera
populations of lizards, hedgehogs, moles, mice, ham{lanes 31, 32) have only rare family—specific bands that
sters, the silk wormBombyx mori,and other taxa (see are common for alLacerta.
Table 1), revealing species specificity also, confirmed On the taxonprints obtained wittispl, Hinfl, Tru9l,
the taxonprint’s intraspecies identity. This allows one toSawBA, Hin6l, Ecal30l, Asu, Csisl, Ecal30l1 +Hindlll,
use small numbers of individuals for species compari-andEcd38l, some other differences and similarities were
sons and also does not require any intrapopulational stasbserved (not shown here). About 100 bands from some
tistical analysis. of these taxoprints were used for statistical treatment by
Figure 2 showsTad taxonprints of Caucasian rock the UPGMA method. The genetic distance tree obtained
lizards species (fam. Lacertidae, genuacerta, see (Fig. 3A) corresponds in principle to general ideas of
Table 1). Among them are five parthenogenetic clonegphylogenetic relationships within the family Lacertidae
and five bisexual species which are supposed to be théArnold 1989; Moritz et al. 1992; Murphy et al. 1996). A
parental species in the hybridogeneous origin of theseletailed description of this study is being prepared for
parthenoclones (lanes 4-17) (Darevsky 1993). DNA ofpublication.
the representatives of othéacerta (lanes 18-30) and Taxonprint analysis has been applied to the examina-
other genera are shown also. A substantial similarity igion of six species of hedgehogs (20 specimens) and two
seen within the parthenogenetic and some bisexual spespecies of moles (see Table 1). The taxonprints were
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A GENETICAL DISTANCE prints, and five of them have four other loci in common.
0.00 0.25 0.50 0.75 1.00 The species fo_rm two subgroups t_)ased on t_he similarity
*mix of all other loci. As we have studied only six from 29
rud species of this complex, we can only mention that
oy UPGMA cluster analysis showBottus kesslerand Cot-
port tocomephorus inermit be in closer relation than the
der . . .
rad latter species with other species@bttocomephoruge-
nair nus. This result correlates with mtDNA analysis of
N Grachev et al. (1992). The existing subdivision of the
g;irlv (_:ott0|d_ _con_1plex into taxonomic groups has to be justi-
vir fied (Kirilchik and Slobodyanyuk 1997).
wivi
Prtau Discussion

Similar experiments carried out with representatives of
some other species (see Table 1) confirmed that taxon-
print markers are conservative species-specific charac-
ters and could be useful for the study of interspecies
variability and similarity (Skurikhina et al. 1993; Pota-

B £ dauuricus pov et al. 1994; Ryskov et al. 1994; Melnikova et al.
10 o 1995; Mednikov et al. 1995; Bannikova et al. 1995; Che-
= & o Haurus lomina et al. 1995).
® H. hypomelas In essence, the DNA taxonprinting is presumed to
o “ . europaeus represent the mapping of all repetitive regions of a ge-
fﬂ—a—‘_"’__ , nome considered together as a separate genome entity.
£ m oo What is being compared are the mutational events that
7 E- concolor can be detected by endonucleases used over a large part
_____ Talpa eurcpasa of genomic DNA. It is quite interesting that the distri-

Fig. 3. Evolutionary trees produced by distance analysis of Iizard:sbUtion and number of mutations thus registered are con-
(A) and by parsimony analysis of hedgehd@3. Underlined figures ~ Stant among the members of a population. Therefore, this
are the values of bootstrap indiceBold figuresare the values of feature can be considered as a real species “character.”
genetic distance according to Fitch (see Materials and Methods). Thus the main result of this work is the demonstration
that a modified RFLP method named “DNA taxonprint”
can identify taxa at the species level. There is a good
produced with nine restriction endonucleasBspl43l,  correlation between taxonprint band pattern similarity
Csgpl, Tad, Hinfl, Msp, Ecal30l, Benl, BsiRI, and  and the proximity of taxonomic groups based on mor-
Sawpél). phological criteria. These characteristics, together with
The relationships illustrated by the hedgehog dendrothe |ack of destinations among individuals and popula-
gram (Fig. 3B) correspond in the main to the ideas oftions and the availability of statistically significant num-
zoologists about the division of hedgehogs into two genyers of markers, permit one to consider the DNA taxon-
era, Erinaceusand Hemiechinusput at the same time print as an important tool for molecular phylogeny and
they allow us to offer some finer definitions. According taxonomy.
to the taxonprint analysis, the Daurian hedgel{&g It should be noted that the method is rather simple,
dauuricus)appears to be closer to the eared hedgehogeproducible, and cheap; needs small amounts of DNA;
group, namely, tdH. auritus, than to hedgehogs of the ang can be applied in a short time with many samples
genusErinaceus.Some common genus-specific bands simultaneously. We anticipate that the DNA taxonprint-

were found in DNA hydrolyzates of Daurian and eareding together with more traditional approaches can give
hedgehog¢H. auritus)obtained with all nucleases used. pew insight into the “species problem.”

Genus-specific bands were observed only in some cases

In comparisons W|th_ the long—prickled hedgehﬁﬂ- Acknowledgments. We are grateful to A.S. Antonov, who has sup-

hypomelas)and only in rare cases when Daurian hedge-plied much constructive criticism.

hogs were compared with the otherinaceusspecies.
Species specificity of three taxonprints of six fish spe-

cies from the Cottoid complex from Lake Baikal reveals

specific bands when restriction endonuclea3esy, . Arnold EN (1989) Towards a phylogeny and biogeography of Lacer-

Avdl, and Sty are used '(n0t demonstrated). All species  figae: relationships within an Old-World family of lizards derived

have at least one locus in common in each of the taxon- from morphology. Bull Br Mus Nat Hist (Zool) 55:209-257
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