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Satcllitc l)NA ancl phylogcny of l,accrtitl Lizards

'l'. C,,ipnrc;t-toNr,

Diput'!inran!o di lSiologitt lit'oltttit'tt a ('ontlttu'tr!tt. Ilttirt't'.,;ilir tli Nultoli"l:ctlet'it'o ll", l"iu
l\ l c:: ot t t t u to t rc,\,,\ 0 I -i -/ l\t t t l to l i, l l t r l.t'

r\bstract: Siltcllitc l)Nz\ locltcrl on lrctcrochlotrlrtic lrlcrrs i,rc.,l'J.rirrtrcullrr irrtcrcst. sirtcc thcv rrirr bc uscri irs
lu probc to cstintrtc phl lctic rlistirnccs bctrrccrr specics. lrr tlris lcvicrv. lirul tlil'lclcrrt sirtcllitc l)Nr\ lirrnilics so

sittttc lttt all srrtcllitc l)Ni\s. tlri'r rpl)cirirslr rrsclirl tool li,rirlrrlogcrrclic:rntl lrrorrorrric irivcsrig:rtiorls. lrr l:rcr.
tltc rcsLtlls obtuittccl lgrec tluitc lcll rritlr thosc lirrnr rrrorplroloriclrl lrrrtl irnrrrrrrtologiclrl stLrtlics.
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I\.l'Rot)tr('t'lo\

Thc occurrenc0 and cvolution o1'lriglrly
repeatcd DNAs, also callecl satellite DNAs, is
being increasirrgly stuclied as a ntcans ol
investigatirrg plrylote'rry ancl Iaxononri;.'l-hc
significance of this l<incl ol'irrvcstigatiorrs is
strl-r;roltccl lr,r tlrc nunrerous obsclvltliorrs
shorving that tlrcsc I)NAs arc liec to e volve , irrrtl
thcir clivelgcncc is dircctlr, 1'lroltortionill to thc
irrcrease irr thc plrvletic clistancc [re-trvccn s1:lccics
(MtKLos, lt)85;L,lurr r)tiriÄutr\ ct ul., 1984).

Ilorvcvcr, tlrc rate ol'valiation arrcl tltc trrr-rr-
over ol'satcllitc DNAs ilrc not alrVavs tlrc sirnrc.
ln fact. sonrc oltlrcm carr bc lburrcl in a singlc
species or in closcll,' rc'latccl spccics
(Llz\tlsA((il1. lt)9 l; MA('(iRr,(;or{. i99 l:
Cr\l'l{l(il.loNl,.al trl., l9[i9), otlrcls sltorv ir rviclcr'
clistribution in specics be lorrging to clil'lclcrrt
gc'nera or even di1'l'c|errt lirnriIics (CAI'tilt;t.t{)NIi
ct ul., 1993; Mr\('t;tili(;ot{. 199 l; IlArtsÄ( ( ilr.
re9r).

I lravc bccrr cltrt'r'ittg urrl :trt irtvcstigltiorr ort
the charactcrizaticln ol'thc laccrticl gcnorrrc litr'
sonrc yeals. It lras ploviclccl irrtcrcstinq lcsults,
and is a good cxanlplc ol'lto\v stuclics ol'satcllilc
DNAs carr ploviclc signilicarrt irrlblrnation orr tlrc
cxisting phylogcrrctic lc'latiorrshilts at vat'ious
taxortonr ic ranks.

S,t't't,;l.l.t't t.; DNAs rr 1.,\Ct.]t'l'il)s

Irour dill'crent satcllitc [)NAs havc so lilt' bccr)
isolatcd lhlrn laccrticl gcnolncs. 'l'hcv slrorv clrritc
a rviclc distritrutiorr.

'[-rvo ol' tlrcsc scquclrccs ltavc bccn isolatcrl
fi'onr the genorne of Podutr'is,srcrr1a. One, callcd
pLCS. ltas been isolated by the 'l'aq I rcstriction
enzvlnc, it is lich in aclelrirrc-th),ntinc and is
localizecl at thc Icvcl of cclttrontcric
heterochrornatin (C,,\t,tu( it.toNtt c,/ a/.. I 9u9. 9 I ).
It is Iilurrd *'itlr lL'rv vuliatiorrs irr lll ol'llrr

sl)ccics c\ar)r inc(l bclorrs,irrg to {hc qcril.rs
l't;tltrrt'i.t ('l'ab. l). in lw'cl spccics ol' ..llg.t't'oilc's
(it:irtgari .rn(l t)torcol i('rr.r'). in Lut't'r'ltr ?ruaL'u
ancl tl t t ge.s i i . p l,CS sccl u cnccs o l'..1/,ql v' t t i cl a s ttnd
l,.gtzrac'tr slrorv littlc clivclgcrrcc lionr thosc o1'

P. :; i c' t r I t r, rrrt I ikc lhat ol' 1,. d t r ga :; i i. u,lt iclr cl ivergcs
nr.rcll n.|olc. Irinally, no pl.CS sc(lucncc has bccn
Iotrrrl in spccics irscril)c(l 1o ollrcr ge rrcnr of'tltc
lirrrril;,, strclt tts T,oolot'tr, ltrct't'ltt .r..r'/1. ittttl
. l t't'IrtrcttIut ct'ttt .

'l'h is clistribution arrd cvolution ol' pLCS
irrclicatcs lhztL l>rxlurc'i.l is cluitc a honrogcncous
n a t rr ra l grrr rr lr, a rt cl lhttt .,l l gl r' o i t l a.r', /-. srzrc,c'rr it ltcl.
trr a lcsscr cNtcnt, l..tlttga.sii ilrc rcliltc(l lo
l'rxltrrc'i:;. 'l-his is in goocl agrcollcnt rvith sirlilar
rosrrlts obtairrccl 1l'oru rnorphological.
irnrrrrrnological, isocrrzyrratic an(l kary,ologicaI
sttrciics (l.trtz & M.,\\'t't(. l9li-5: AtrNot.l), 197i.

'l'lrc otlrcr scqr.rcncc, callccl pl,llS, lras bccrr
isolatccl by tlre Ilirrcllll lcstrictiorr cnzvnrc, ancl is
lburrcl alnrost cxclusivcly in thc gcrrus l)oclarcis.
'l'his DNA, 1oo, is rich irr aclcrrinc-tlrynrinc, ancl
its scqucrrcc clil'lcrs li'onr tlrat ol'1rl.CS onl1,'b1,
20()1,. It is. horvcvcr', localizccl at pcriccrttrorrtcric
an(l tclonlcric lcvcls. 'l'lris has sul-tgcstcd that
pl,llS is clcrivccl ll'onr thc clil'l'ercrrtiatiorr,
translocat iorr arrcl sLrbscqucnt lcarl pl i lication o1'
sotttc pails ol'pl.CS by a rncchanisrn also
obsclvccl in otlrcl orqanisnrs (l:1.Ä\itlt.l. c1 l/..
l 9li0; Dovr'tt. l 9ti2; Mtxr.os. l 9lj-5: tlos loc'K.
reri6).

'l'lrc occurlcrtcc ol'this DNA orrlv in l'txlat'c'i.s
sugqcsts thnt it rnight lravc a rnorc ic-ccnt origirr.
It rvoirlcl lurvc irppcarcrl only alicr llrc clivcrgcrtcc
ol'this gcnus li'onr otlrcr lacelticls be Ionging to
thc saurc lincagc.

'l-lrorrglr bcirrg restrictecl lo Potlurci.s. pLI1S.
Itorvcvcr, slrorvs it rnolc rapicl cvolutionarv ratc.
In lhct, pl.CS clisplays vc11, littlc or no variatiott
irr irll tlrc l'otlut't'i.r s;'lccics: pl-l IS. instcacl. is

lrlirct icrrl ll,' tlrc sunrc in l'..s i t' r r l tr',tnrl l'. nt t r rt r l i.s,



(llonc pGl'S pl-(iS pLIIS pSllS
i\lon.Sizc 160 180 140 130

Snccics (lhr.l,oc. n c tr.t. '?

I'ortarcis sicttlu ++ X X

but slrows nlarked diff'erences in P.taurica artd
P.tiliguerta. This observation is also intelesting
fi'om tlrc systernatic standpoint, since it cortflrltts
that P.sicula and P.ntut'ulr.r arc closcly rclatccl,
and tlre two other species belong to lineages
other than P..sicula, as indicated by
inrrrrr.rrrological and genetic studies (Lur7. &
MAYr:R. 1985).
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pGPS rrright be a very ancient sequence
appealing bel'ore tlte divergence of the rnain
laccrtid taxa.

Coivl irr tix'rs ;\N I) CoNCt.ttstoNS

As already nrentioued, the study of satellite
DNAs has provided interesting contributiotls to
tlrc knowlcdgc ol' laccltid plrylogcrry arrd
taxonorlry.

Tlre rnost exhaustive and convincing results
coucenr Podarcis, which is tlte genus Itrost
investigated. In fact, the analysis of satellite
DNAs has confirmed that this genus is quite a
Irorlogcneoirs rratural group; in addition, it has
clearly shorvn its relation witlt other taxa of the
lärrrily (zllculrsicles, L.grctccu, L.dugesii), and has
contributed to elucidating the relationships
existirrg betweett sontc species of the genus,
such as It.sicula, P.tttut'alis, P.tttut'ica and
P. tiligucrlu.-l'lre corttribution of these studies to other
gcnera of the fanrily is rnore linrited. However,
llrcy provide intelcstirtg data deservirrg lurther
invcstigalion. srrclt as thc cvidcttcc that
.lt't:ltucolttc:cr'lrr is lrlobably a hctcrogcttcoLls
group and L..tuxicolu gettotlte is greatly
difl'elcrrtiated conrpared to that of all the other
spccics studicd.' 

The re liability ol'thc results should also be
curphasizcd. ln ihct, tlrey agree witlr
rloiphological, inrnrurrological and karyological
rcsu lLs.

In corrclusion, tlte study ol'satellite DNAs
al)pears a usel'ul tool 1br phylogenetic and
taxorrornic investigatiotts. I-lowever, sollle
rcurarks slrould bc nrade.

'l'lrc cl'lcctivcrrcss and rcliability of the study
o{'satcllitc DNAs is rtrore rnarked when related
slrccics arc corttparcd; the results of corttpalisons
bctwcen rrtorc distartt species, instead, are
sornc{irttcs qucstionablc. -fhis dcpcrrds on the
lathcr cornplcx trcncl that thc cvolutiolt ol a

ccrtain h iglr ly rcpcatcd sequettce catt sltow.
Sorrrc ol'tlrenr arc prcserved lor a long period,
and tlreir sequence cart undergo gradual
clif lcrcntiatiorr witlt tinrc. Sottte, instead, catr be
rctlucccl ol disappcal by dclction proccsscs, ol'
givc risc to ttcrv scq(tcttccs by divergerlcc attd
icarnplilication olsoirrc of their copiel, and this
is tlrc casc ol'pLCS arrd pLI{S (C,tt'ttlCltotiti cl
u1..lr994). Morcovcr. tlre ratc of divelgertcc is
not tlrc sarlc lor all satellitc DNAs.

'l-lrcrclbrc, a .joint analysis o1' tttore thalt a

scqucncc should bc ntade, arrd satcllitc DNAs
tioin dif'f'elent specics should be contpat'ed. Irt

this regald, it is significant that, as already

Potlurc'i.t rttttra I is
I' otkt rc i.t I i I i gua rlrt
l)odurci:; luuric'tt
I' odurc i.s h i.t1xrrr ictr
, l I g;rc i dc.r./i t :i t t ga r i
.1Igt oidc.s ntzre oIictt.t
Lacarla gruecu
Lucarlu tlugasii
Loccrlu lclticlu
Luccrtu vit idi.s
Lu r'.' t' t u t' i t, i pa rr t
,l rt l ru t' t t I u ct rl tr lt rlr fu yttt
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Tablc l: I)rcscrrcc iurrl clistribution ol'high11, rcpctitivc
I)NAs in lrrccrlitl lizirrtls.lVlon.Sizc " sizc ttl'thc
rtronorttcric rtnit itt bitsc lllrils.Olrr.l,oc. cltrttlttttsoltte
localization: p : pcriccntrotttct'ic. c : cctttrotttcric. t :
tclonrcric. ? : urrkrrou,n. X : s;lccics lionr rvlticlr thc
lriglrll, r'clrctitivc l)NÄ has lrccn isolatccl. + : l]rcscttcc
ol'thc satcllitc I)NA. thc nunrbcl ol'+ indicatcs thc
Icvcl ol'h1'blicliz-ation aucl tltcn thc aliinit5' lrctri'ccrt
tlrc spccics cxanrinctl. - abscncc ol'thc satcllit0 I)NA.
?: thc prcscncc ol'thc satcllitc I)NA rvas rlot tcstc(1.

A third, highly rcpcated DNA, callecl pSl'lS,
Iras been isolatecl l'r'or.t'r Lttcct'lu suxicolu with
I-lindlll. lt does not sltorv any sirnilarity to
pL11S, but, likc thc lattcr, ltas a lirnitccl
distribLrtion. ln lhct, it hybriclizcs only to lhc
homologous DNA, rvltcrcas it lails to hybridizc
citlrer to that of' sllecics bclorrging to othcr
genera or to that ol'spccies ascribcd to thc gcntrs
/rclrucolttcct'!tr, irt rvlticlt sotttc ittvcstigittot's
also irrclrrdc l,..ru.ricolu (AIIN<lt.tl, 1973, 89).

A diff'elent behaviour is displayed by the
fourtlr satcllite sequencc (pGPS), wlriclr has
recenlly been isolated t\'ont L.gt'uecrr with the
Pstl restrictiou cnzyrlrc. Irt lact, this DNA has
quitc a lvidc distribution, bcing foutrd with sortrc
differences botlr irr spccies related to I-.gruccu,
such as scvcral Poclurcis and Algtroiclc.r, attcl iti
species tlrat arc not corrsidcrcd rclatcd to i(, such
as L.t,it'icli.;, L.bcclt'iugae and L.vittilttrt'tt.
Morccrvcr', pCPS is tlot l)rcscllt in I-.,';trxic'ttlu,
which appcars to ltavc a lttttclt r.llorc
differerrtiatcd DNA than nlany othcr laccrtids so
far investigated.

Its presencc irr dil'ltrcnt gcncra suggcsts that

+'l'l-
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lnentioned, the nrost satisfactory results collcern
Podarcis and its allied, in r'vhiclr we obselved
three different DNA scquences.

Finally, tlre rcsults of studics ol'satellitc
DNAs should be conrpared with data lj'om other
kinds of investigation.
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