ISSN 1333-6347 (Print)
ISSN 2975-7452 (Onlinc)

Izvorni znanstveni rad
Original scientific paper

Zasluiuje li Sibirea croatica (Degen) status vrste?

Does Sibirea croatica (Degen) deserve species status?

Dalibor Ballian***", Tine Grebenc®, Gregor Bozi¢®, Hojka Kraigher®

“Univerzitet u Sarajevu, Sumarski fakultet / University of Sarajevo,
Faculty of Forestry, Zagrebacka 20, 71000 Sarajevo,

Bosna i Hercegovina /Bosnia and Herzegovina

bGozdarski institut Slovenije / Forestry Institute of Slovenia
Vecna pot 2, 1000 Ljubljana, Slovenija / Slovenia

“Akademija nauka i umjetnosti Bosne i Hercegovine /
Academy of Sciences and Arts of Bosnia and Herzegovina;
Bistrik 7, 71000 Sarajevo, Bosna i Hercegovina / Bosnia and Herzegovina

Primljeno / Received: 2024-02-29; Prihvaceno / Accepted: 2024-05-27
Rukopis je predan na hrvatskom jeziku / Manuscript submitted in Croatian

SAZETAK

U ovom je radu hrvatska sibireja (Sibira-
ea croatica Degen), rijetka i endemicna vrsta
hrvatske i bosanskohercegovacke flore, kao
njihov tercijarni relikt, usporedena s altaj-
skom sibirejom (8. altaiensis (Laxm.) C. K.
Schneider). Svi uzorci za istraZivanje sibireja
prikupljeni su s Cetiri lokacije, jedne u Bo-
sni i Hercegovini, jedne u Hrvatskoj i dvije
u Rusiji. Analizirane su njihova geneticka
struktura, geneticka raznolikost i geneticka
diferencijacija populacije, njihove geneticke
karakteristike i odnos populacije Sibiraea
croatica Deg., koja raste na podruéju Hrvat-
ske i Bosne i Hercegovine, te kako se razliku-

SUMMARY

In this paper, the Croatian sibirea (Sibiraea
croatica Degen), a rare and endemic species of the
Croatian and Bosnian-Herzegovinian flora, as well
as their tertiary relict, was compared with Altaic
sibirea (S. altaiensis (Laxm.) C. K. Schneider). For
the research, all samples of sibirea were collected
from four locations, one in Bosnia and Herzegovi-
na, one in Croatia and two in Russia. Their genetic
structure, genetic diversity, genetic differentiation
of the population and their genetic characteristics
were analyzed as well as the relationship of the
population of Sibiraea croatica Deg. which grows
in the regions of Croatia and Bosnia-Herzegovina
as opposed to Altaic sibirea (S. altaiensis (Laxm.)
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je od altajske sibireje (S. altaiensis (Laxm.) C.
K. Schneider), iz juine Rusije (umjetni na-
sad) i juznog Sibira. U analizi DNA koristeno
je 16 pocetnica koje su kombinirane tijekom
amplifikacije. Na temelju provedenih mole-
kularnih analiza regija u genomskoj i kloro-
plastnoj DNA utvrdena je njihova genetska
bliskost. Stoga se predlaze da hrvatska sibire-
ja (Sibiraea croatica Deg.) nije zasebna vrsta,
ve¢ bi se trebala prepoznati na nizem takso-
nomskom rangu kao ekotip altajske sibireje
(S. altaiensis (Laxm.) C. K. Schneider). Te-
meljem filogenetske analize ITS regija u ge-
nomskoj rDNA filogenetski polozaj Sibiraea
spp- potvrden je unutar familije Rosaceae.

KLJUCNE RIJECI: hrvatska sibireja (Sibiraea

croatica), molekularne analize, populacija

UvVOD

Davne 1997. autor (D. Ballian, op. ur.)
se poceo zanimati za jednu sitnu grmoli-
ku endemi¢nu biljku poznatu kao hrvat-
ska sibireja (Sibiraea altaiensis (Laxm.) C.
K. Schneid. subsp. croatica Degen. Syn: S.
laevigata), koja u Bosni i Hercegovini ra-
ste na samo nekoliko mjesta. Nalazi se na
planini Cvrsnici i Cabulji, na sjeveru Her-
cegovine (slika 1). Osim $to raste u Bosni
i Hercegovini kao rijetka i endemic¢na vr-
sta, nalazi se i u hrvatskoj flori. Hrvatska
sibireja prema mnogim autorima [1-4]
ima vrlo malo i disjunktno podrugje ras-
prostranjenosti na zapadnom Balkanu.
Uglavnom raste na vrlo nepristupa¢nim
kamenitim padinama Dinarida, izmedu
8001 1 500 m nadmorske visine.

U Hrvatskoj raste na podruéju sjever-
nog i srednjeg Velebita, po rubovima $u-

C. K. Schneider), from Southern Russia (planta-
tion) and Southern Siberia. During the DNA ana-
lysis, 16 primers were used, which were combined
at amplification. On the basis of molecular ana-
lyses of regions in genomic and chloroplast DNA,
their genetic closeness was determined. Therefore,
the authors suggest that the Croatian sibirea (Sibi-
raea croatica Deg.) is not a separate species, but
should be recognized at a lower taxonomic rank
as the ecotype of the Altaic sibirea (8. altaiensis
(Laxm.) C.K. Schneider). Based on the phyloge-
netic analysis of internal transcribed spacer (ITS)
regions in genomic ribosomal genes (rDNA), the
phylogenetic position of Sibiraea spp. was con-
firmed within the Rosaceae family.

KEYWORDS: Croatian sibirea (Sibiraea croati-

ca Deg.), molecular analyses, population

INTRODUCTION

Back in 1997, the author (D. Ballian, Ed.
note) became interested in a small bushy en-
demic plant known as Croatian sibirea (S7bi-
raea altaiensis (Laxm.) C.K. Schneid. subsp.
croatica Degen. Syn: S. laevigata), which in
Bosnia and Herzegovina grows in only a few
places. It is located on the mountain Cvrsni-
ca and Cabulja, in the north of Herzegovina
(Figure 1). Although it grows in Bosnia and
Herzegovina as a rare and endemic species, it
is also found in the Croatian flora. Accord-
ing to many authors [1-4], Croatian sibirea
has a very small and disjunct distribution ar-
ca in the Western Balkans. It mainly grows on
the very inaccessible rocky slopes of the Di-
narides, between 800 and 1 500 m above sea
level.

In Croatia, it grows in the area of northern and

central Velebit, along the edges of black hornbeam
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ma i Sikara crnoga graba, te primorskih
Suma obi¢ne bukve [2]. Zbog depopula-
cije i izostanka ljudske djelatnosti otvo-
rena stanista zarastaju, pa grmovi nestaju
prirodnom sukcesijom vegetacije. Sli¢no
je iuBosni i Hercegovini gdje joj je are-

forests and thickets, and coastal common beech
forests [2]. Due to depopulation and the absence
of human activity, open habitats heal, so the bush-
es disappear through the natural succession of ve-
getation. It is similar in Bosnia and Herzegovina,
where its area is limited to the mountains Cvrsni-

Slika 1. Hrvatska sibireja na planini Cabulji

Figure 1. Croatian sibirea on Mount Cabulja

al ogranicen na planine Cvrsnicu i Ca-
bulju. Tu raste na vapnenackim podlo-
gama, otvorenim kamenitim siparima i
visokoplaninskim pa$njacima u specifi¢-
noj biljnoj zajednici. Predstavlja rubnu
zajednicu $uma bora i obi¢ne bukve te
u biljnoj zajednici planinskih pasnjaka,

caand Cabulja. It grows there on calcareous sub-
strates, open rocky slopes and high mountain
pastures in a specific plant community. It repre-
sents the marginal community of pine and com-
mon beech forests and in the plant community of
mountain pastures, i.c. in specific ecological con-
ditions.
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odnosno u specifi¢nim ekoloskim uvje-
tima.

Da bi vise saznao o hrvatskoj sibireji,
autor (D. Ballian, op. ur.) se obratio po-
znatom dendrologu i botani¢aru dr. sc.
Cedomilu Sili¢u. Nazalost, od njega je
malo saznao o nalaziStima sibireje, osim
da su tesko dostupna, ali je doznao nesto
vrlo zanimljivo. U Alpinetumu Sumar-
skog fakulteta u Sarajevu nalazili su se pri-
mjerci altajske sibireje (Sibiraca altaiensis
(Laxm.) C. K. Schneid.), koje je Cedomil
Sili¢ zasadio i morfologki usporedivao, ali
svoja opazanja nikada nije objavio. Dosao
je do zaklju¢ka da izmedu hrvatske i altaj-
ske sibireje ne postoje morfoloske razlike.
Autora je ta Siliceva konstatacija zaintri-
girala, pa je o tome intenzivno razmisljao
tijekom rada na doktorskoj disertaciji, za
potrebe koje je molekularno-genetickim
metodama identificirao jedinke i popula-
cije obi¢ne jele. Dosao je na ideju da uspo-
redi domace sibireje s onima koje se nala-
ze na planini Altaj, smjestenoj na granici
Rusije, Kine i Kazahstana. U to vrijeme
bilo je to jako smiono razmisljanje — pre-
vladao je izazov da se usporede biljke koje
su rasle na udaljenosti vecoj od 5 000 km.

Vrsta Sibiraea croatica Degen, opisana
je iz velebitskih populacija 1905., a godi-
nu dana kasnije nadena je u Bosni i Her-
cegovini. Ve¢ 1927. dobiva novi status Si-
biraea altaiensis (Laxm.) C. K. Schneider
var. croatica (Degen) G. Beck [5], da bi se
1937. ponovno promijenio u Sibiraea la-
evigata (L.) Maxim., subsp. croatica (De-
gen) Degen. Inace, u Bosni i Hercegovini
i Hrvatskoj hrvatska sibireja je zbog svo-
je rijetkosti u svojim prirodnim stanisti-

In order to learn more about Croatian sibi-
rea, the author (D. Ballian, Ed. note) turned to
the famous dendrologist and botanist, Dr. Ce-
domil Sili¢. Unfortunately, he learned little
from him about the habitat of sibirea, except
that they are difficult to access, but he learned
something very interesting,

In the Alpinetum of the Faculty of Forestry
in Sarajevo, there were specimens of Altaic sibe-
ria (Sibiraea altaiensis (Laxm.) C.K. Schneid.),
which Cedomil Sili¢ planted and morphologi-
cally compared, but he never published his ob-
servations. He came to the conclusion that there
are no morphological differences between Croa-
tian and Altaic sibirea. The author was intrigued
by Sili¢’s statement, so he thought about it in-
tensively while working on his doctoral disser-
tation, for which he identified individuals and
populations of common fir using molecular ge-
netic methods. He came up with the idea to
compare native sibireas with those found on the
Altai Mountains, located on the border of Ru-
ssia, China and Kazakhstan. At that time, it was
a very courageous thought - he overcame the
challenge of comparing plants that grew more
than 5 000 km distant.

The species Sibiraea croatica Degen was de-
scribed from Velebit populations in 1905, and
ayear later it was found in Bosnia and Herzego-
vina. As early as 1927, it received the new status
of Sibiraea altaiensis (Laxm.) C. K. Schneider
var. croatica (Degen) G. Beck [5], to be changed
again in 1937 to Sibiraea laevigata (L.) Max-
im., subsp. croatica (Degen) Degen. In Bosnia
and Herzegovina and Croatia, due to its rarity
in natural habitats, the Croatian sibirea has been
protected by law since 1964, and since 1997 it
has been on the red list of protected plant spe-
cies ([UCN Red List of Threatened Plants) and
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ma zakonom zasti¢ena od godine 1964., a
od 1997. nalazi se na crvenom popisu za-
Sticenih biljnih vrsta (IUCN Red List of
Threatened Plants) te dolazi u red zasti-
¢enih endema. Primjerci hrvatske sibireje
mogu se naci u nekim dendroloskim zbir-
kama i botani¢kim vrtovima mnogih eu-
ropskih zemalja.

Tijekom prikupljanja uzoraka za ana-
lizu autor saznaje da se altajska sibireja
moze pronaci na nekoliko lokaliteta: oko
1 500 km zapadno od Altaja, u juznoj Ru-
siji (Lipetska oblast) gdje je umjetno une-
sena, dok je u prirodnim stani$tima sre-
di$nje Azije udaljena viSe od 5 000 km od
dinarskih populacija. Na Altaju, u njego-
vom srednjem i zapadnom planinskom
masivu raste na oko 1 300 m nadmorske
visine.

Postoji jo$ jedna zanimljiva vrsta u za-
padnoj Kini u masivu Tianshan, tiansan-
ska sibireja (S. tianschanica (Krassn.) A.
Porjak), ali zbog nedostupnosti materija-
la nije bila uklju¢ena u istrazivanje. Prema
Kuminovoj [6] sibireja formira specifi¢ne
biljne zajednice unutar visoke stepe i $u-
mostepe na Altaju. Obi¢no raste na otvo-
renim prostorima i trazi poviSene dijelo-
ve mikroreljefa visoke vlaznosti. Najveca
preprjeka prirodnom odrzanju populaci-
ja sibireje su snazni antropogeni i zoogeni
utjecaji, prije svega ekstenzivno stocarstvo.

Na temelju istrazivanja koje su pro-
veli Ballian i sur. [7-11], te Grebenc i sur.
[12] staru taksonomiju, odnosno sistema-
tiku sibireja trebalo je na odgovarajuéi na-
¢in revidirati. Prema nekim literaturnim
podatcima rod Sibiraca obuhvaca pet vr-
stau europskom dijelu Juzne Rusije, Sibira,

is among the protected endemic. Specimens
of Croatian sibirea can be found in some den-
drological collections and botanical gardens of
many European countries.

During the collection of samples for analysis,
the author found out that the Altaic sibirea can
be found in several localities: about 1 500 km
west of Altai, in southern Russia (Lipetska re-
gion), where it was brought by plantation, while
in the natural habitats of Central Asia, it is more
than 5 000 km away from the Dinaric popula-
tion. In Altai, in its central and western moun-
tain massif, it grows at about 1 300 m above sea
level.

There is another interesting species in west-
ern China in the Tianshan massif, the Tianshan
sibirea (. sianschanica (Krassn.) A. Porjak), but
due to the unavailability of material, it was not
included in the research. According to Kumino-
va [6], sibirea forms specific plant communities
within the high steppe and forest-steppe in Al-
tai. It usually grows in open areas and looks for
clevated parts of microrelief with high humidity.
The biggest obstacle to the natural maintenance
of populations of sibirea is strong anthropogenic
and zoogenic influences, primarily extensive ani-
mal husbandry.

Based on research completed by Ballian ez 4.
[7-11], and Grebenc et 4/. [12] the old taxono-
my, that is, the systematics of sibireas, had to be
revised accordingly. According to some literature
data, the genus Sibiraea includes five species in the
European part of South Russia, Siberia, Western
China and Southern Europe. However, Kriiss-
mann [13] lists two species: with S. laevigata (L.)
Maxim. (= §. altainensis Schneid.) and S. tomen-
tosa Diels, with the distinction between two varie-
ties within the first (var. angusta and var. croatica),
which was confirmed by Ballian ez 4/, [8]. Theyal-
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Zapadne Kine i Juzne Europe. Medutim,
Kriissmann [13] navodi dvije vrste: sa S.
laevigata (L.) Maxim. (= S. altainensis Sch-
neid.) i . tomentosa Diels, s time da unutar
prve razlikuje dva varijeteta (var angusta
i var. croatica) $to potvrduju Ballian i sur.
[8]. Takoder su istaknuli veliku taksonom-
sku bliskost koja ide ¢ak do razine ekotipo-
va, §to nije pravi taksonomski status.

Rezultati istrazivanja pokazali su da
zbog velike genske sli¢nosti hrvatsku i al-
tajsku sibireju ne treba shvacati kao dvije
odvojene vrste, veé je rije¢ o podvrstama
ili ¢ak ekotipovima.

MATERIJALI I METODE

Osobnim kontaktom s dr. V. Melni-
kom pribavljeni su uzorci altajskih sibi-
reja, dok su uzorci autohtonoga materija-
la sakupljeni na planini Cabulja u Bosni i
Hercegovini i planini Velebit u Hrvatskoj
(tablica 1). Osim uzoraka s Altaja, podri-
jetlom iz okolice Barnaula u Juznom Si-
biru, uzorci su stigli i iz Lipetske oblasti u
juznoj Rusiji. Za analizu su tijekom rujna
2003. prikupljene granéice s pupovima u
pocetnoj fazi mirovanja, te na kraju vege-
tacijske dormancije u veljaci 2004. Uzorci
biljaka na svim lokalitetima sabirani su na
medusobnoj udaljenosti najmanje 20 m.

DNA je ekstrahirana iz mirujucih pu-
pova nakon uklanjanja suberiniziranih
ovojnih listova pupova (tegmata) ili iz
unutarnjeg dijela jezgre stabljike pomocu
Plant DNeasy Mini Kit (Qiagen). Zatim
je DNA resuspendirana u prethodno za-
grijanoj, sterilnoj milli-Q vodi do pribli-
zne kona¢ne koncentracije od 100 ng/uL.

so pointed out a great taxonomic closeness that
goes all the way to the level of ecotypes, which is
not a true taxonomic status.

The results of the research showed that due
to the great genetic similarity, Croatian and Al-
taic sibireas should not be understood as two
separate species, but rather subspecies or even
ecotypes.

MATERIALS AND METHODS

Through personal contact with Dr. V. Mel-
nik, samples of Altaic sibirea were obtained,
while samples of autochthonous material were
collected on Mount Cabulja in Bosnia and Her-
zegovina and Mount Velebit in Croatia (7zble
1). In addition to samples from Altai, originat-
ing from the Barnaul area in Southern Siberia,
samples also arrived from the Lipetska region in
southern Russia. During September 2003, twigs
with buds were collected in the initial phase of
rest, and at the end of vegetation dormancy in
February 2004. Plant samples in all localities
were collected at a distance of at least 20 m from
each other.

DNA was extracted from dormant buds after
removing the suberinized bud sheaths (tegma-
ta) or from the inner part of the stem core using
the Plant DNeasy Mini Kit (Qiagen). The DNA
was then resuspended in pre-warmed, sterile mi-
lli-Q water to an approximate final concentra-
tion of 100 ng/uL. The quality and quantity of
DNA were checked after separation in a 1% aga-
rose gel stained with ethidium bromide.

Several different pairs of primers ( 7zble 2) and
programs were used on conducting DNA ampli-
fication, because previously there were no data on
the use of polymerase chain reaction (PCR) with
species from the genus Sibiraea [8]. Work was
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Tablica 1. Istrazivane populacije i lokaliteti uzoraka sibireje [8]

Table 1. Researched populations and localities of sibireas samples (8]

Populacija Lokacija Longituda | Latituda Altituda Broj uzoraka

Population Locality Longitude | Latitude Altitude Number of
samples

Cabulja, Rosne poljane | 43°51°42” | 17°49°60”4 | 1343 m 33

Bosna i Hercegovina 43°54°85” | 17°54°92”7 | 1427 m

/ Bosnia and

Herzegovina

Velebit, Hrvatska / Mali Brizovac | 44°56’18” | 15°07°40”7 | 992 m 33

Croatia (Velinac) 44°56’24” | 15°07’5174 | 1011 m

Lipetska oblast, Stanovlianski | 52°30° 39°32 300 m 3

Rusija / Lipetska raion

Region, Russia

Altai, Barnaul 85°37° 49°28’ do/to 5

Rusija / Russia 1300 m

Kakvoca i koli¢cina DNA provjerene su
nakon odvajanja u 1 %-tnom agaroznom
gelu obojenom etidijevim bromidom.

Pri provodenju amplifikacije DNA
uporabljeno je nekoliko razli¢itih parova
pocetnica (tablica 2) i programa jer rani-
je nije bilo podataka o primjeni lan¢ane
reakcije polimerazom (PCR) s vrstama iz
roda Sibiraea [8). Radilo se na odredenim
specifi¢cnim ITS regijama u genomskoj
DNA i dijelovima kloroplastne DNA.
Potonje pocetnice odabrane su s popi-
sa pocetnica uporabljenih za amplifikaci-
ju duhana (Nicotiana tabacum). Reakcije
umnozavanja provedene su dvjema me-
todama: a) standardnim postupkom ko-
ji su opisali White i sur. [14] u ukupnom
reakcijskom volumenu od 40 pL s Am-
plyTaq polimerazom (Perkin Elmer, Fo-
ster City, CA, SAD) za umnozavanje I'TS
regije u genomskoj DNA, i/ili b) modi-

done on certain specific ITS regions in genom-
ic DNA and parts of chloroplast DNA. The lat-
ter primers were selected from the list of primers
used for the amplification of tobacco (Nicotiana
tabacum). Amplification reactions were carried
out by two methods: a) with the standard proce-
dure described by White ez 4/. [ 14] in a total reac-
tion volume of 40 uL with AmplyTaq polymerase
(Perkin Elmer, Foster City, CA, USA) to ampli-
fy the ITS region in genomic DNA, and/or b)
a modified general method for amplifying some
primers (STS) in spruce [15] in a final volume of
25 uL using AmplyTaq Gold hot start polymerase
(Applied Biosystems).

Ballian ez al. [8] completed the polymer-
ase chain reaction on a PE 9700 DNA ther-
mocycler. Cycle parameters for ITS amplifi-
cation with ITS primers were used according
to the research conducted by Grebenc er al.
[16]. Parameter cycles for cpDNA amplifica-
tion included an initial denaturation at 95 °C
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ficiranom opéom metodom za umnaza-
nje nekih pocetnica (STS) u smreke [15]
u kona¢nom volumenu od 25 pL primje-
nom AmplyTaq Gold hot start polimera-
ze (Applied Biosystems).

Ballian i sur. [8] su lan¢anu reakciju po-
limerazom proveli na PE 9700 DNK ter-
mocikleru. Parametri ciklusa za ITS ampli-
fikaciju s ITS pocetnicama uporabljeni su
prema istrazivanju koje su proveli Grebenc
isur. [16]. Parametri ciklusa za umnozava-
nje cpDNA ukljuéivali su pocetnu denatu-
raciju pri 95 °C tijekom 5 minuta, nakon
cega je slijedilo 40 ciklusa pri 94 °C tije-
kom jedne minute, zagrijavanja do 55 °C
(53 °C - 63 °C kad je obavljeno optimira-
nje) tijekom dvije minute, i produljenje pri
72 °C tijekom tri minute, s kona¢nim pro-
duljenjem pri 72 °C tijekom 10 minuta i
pohranjivanjem reakcije pri 4 °C. Kontro-
le bez DNA pokrenute su za svaki ekspe-
riment kako bi se provjerila kontaminacija
reagensa. Nisu izvedene pozitivne kontro-
le jer materijal za pozitivnu kontrolu nije
bio dostupan, osim za par pocetnica ITS1
i ITS4 gdje je gljivicna DNA sluzila kao
pozitivna kontrola reakcije.

U provedenom istrazivanju amplifika-
cijski produkti razdvojeni su elektrofore-
zom na agaroznim gelovima koji sadrze 2
% LE agaroze (SeaKem, Rockland, MA,
SAD) u 1 x TBE puferu jedan sat pri na-
ponu 5 Vem™! (Ballian i sur., [8]). DNA
je obojena etidijevim bromidom, vizua-
lizirana pod UV-svjetlom i snimljena na
Polaroid 667 BW film. Duljine amplifi-
kacijskih produkata procijenjene su us-
poredbom s GeneRuler™ 100 bp DNA
Ladder (Fermentas).

for 5 min, followed by 40 cycles at 94 °C for 1
min, heating to 55 °C (53 °C - 63 °C when op-
timized) for two minutes, and extension at 72
°C for three minutes, with a final extension at
72 °C for 10 minutes and storage of the reac-
tion at 4 °C. DNA-free controls were made for
each experiment to check for reagent contami-
nation. No positive controls were performed
because positive control material was not avail-
able, except for the primer pair ITS1 and ITS4
where fungal DNA served as a positive control
for the reaction.

In the executed rescarch, the amplifica-
tion products were separated by electrophore-
sis on agarose gels containing 2 % LE agarose
(SeaKem, Rockland, MA, USA) in 1 x TBE
buffer for one hour at a voltage of 5 Vem™ (Ball-
ian et al., [8]). DNA was stained with ethidium
bromide, visualized under UV light and record-
ed on Polaroid 667 BW film. The lengths of the
amplification products were estimated by com-
parison with the GeneRuler™ 100 bp DNA
Ladder (Fermentas).

Amplification products that yielded only
one pure fragment of the expected length (as es-
timated from the length of the products from
Nicotiana tabacum and ectomycorrhizal fun-
gi) were digested separately with one unit of
cach restriction enzyme according to the manu-
facturer’s recommendations in a total volume
of 10 uL. Amplified ITS regions in genom-
ic DNA were excised using Hinf I (Promega,
Madison, W1, USA), Mbo I (Promega, Madi-
son, WI, USA), and Taq I (TaKaRa, Shiga, Ja-
pan). The cpDNA amplification products were
cut with Hinf I (Promega, Madison, W1, USA),
Hae I1I (Fermentas), and Alu I (Fermentas; Ta-
KaRa) enzymes. Enzymes were selected based
on economic criteria (for cp)DNA) and follow-
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Amplifikacijski produkti koji su da-
li samo jedan ¢isti fragment olekivane
duljine (kako je procijenjeno na teme-
lju duljine produkata iz vrste Nicotiana
tabacum i cktomikoriznih gljiva) dige-
stirani su odvojeno s jednom jedinicom
svakoga restrikcijskog enzima prema pre-
porukama proizvodac¢a u ukupnom vo-
lumenu od 10 pL. Umnozene ITS regije
u genomskoj DNA izrezane su pomocu
Hinf I (Promega, Madison, Wi, SAD),
Mbo I (Promega, Madison, Wi, SAD)
i Taq I (TaKaRa, Shiga, Japan). Ampli-
fikacijski produkti cpDNA izrezani su
Hinf I (Promega, Madison, Wi, SAD),
Hae III (Fermentas) i Alu I (Fermentas;
TaKaRa) enzimima. Enzimi su odabra-
ni na temelju ekonomskih kriterija (za
cpDNA) i nakon prethodno objavlje-
nih sekvenci ITS regije [17]. Restrikeij-
ski fragmenti su odvojeni na 2 %-tnom
agaroznom gelu u TBE puferu tijekom
tri sata pri 10 Vem™'. Duljina restrikcij-
skih fragmenata procijenjena je uspored-
bom s GeneRuler™ 100 bp DNK La-
dder (Fermentas).

Analizirani gelovi su obojeni u etidije-
vu bromidu, dobiveni sustavom GelDoc
(Biorad) i analizirani softverom Taxotron’
(Institut Pasteur 1998., Pariz, Francuska)
[18]. Postupak su detaljno opisali Gre-
bencisur. [16] i Martin i Karén [19].

Prije slanja na sekvenciranje, amplifi-
kacijski produkti su o¢i$éeni uporabom
Wizard SV Gel i PCR Clean-Up System
(Promega). Oba lanca amplificirane
DNA sckvencirana su zasebno upora-
bom ve¢ spomenutih pocetnica. Ukoliko
su produkti amplifikacije bili nedovoljni

ing previously published sequences of the ITS
region [17]. Restriction fragments were sep-
arated on a 2 % agarose gel in TBE butfer for
three hours at 10 Vem™. The length of the re-
striction fragments was estimated by compar-
ison with the GeneRuler™ 100 bp DNA Lad-
der (Fermentas). The analyzed gels were stained
with ethidium bromide, obtained with the Gel-
Doc system (Biorad) and analyzed with the Tax-
otron software (Pasteur Institute 1998, Par-
is, France) [18]. The procedure was described
in detail by Grebenc ez 4. [16] and Martin and
Kérén [19].

Before sending for sequencing, amplification
products were cleaned using Wizard SV Gel
and PCR Clean-Up System (Promega). Both
strands of the amplified DNA were sequenced
separately using the previously mentioned
primers. If the amplification products were in-
sufficient or more than one was produced, be-
fore sequencing, products of the desired length
were purified from the gel using the same puri-
fication kit. DNA was sequenced using a com-
mercially available method (Sequiserve, Ger-
many). A total of eight samples was sequenced,
three from each population in Croatia and Bos-
nia and Herzegovina, two from the Altai popu-
lation and one from the Lipetska region. A part
of genomic DNA was sequenced using ITS5-p
and ITS4 primers and parts of cpDNA us-
ing cemp 10-R, trn HM, trn G-P and trn MM
primers.

Sequence Navigator software (Applied Bi-
osystems) was used to identify the specific se-
quences from the two strands of each isolate. Di-
align 2 software was used for multiple alignment
of the obtained sequences [20] with some minor
manual corrections. The new sequences are de-
posited in the EMBL database with accession
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ili je nastalo vise od jednog, prije sekven-
ciranja su produkti zeljene duljine o¢isce-
ni od gela istim priborom za prociséava-
nje. DNA je sekvencirana komercijalno
dostupnom metodom (Sequiserve, Nje-
macka). Sekvencirano je ukupno osam
uzoraka, po tri iz svake populacije u Hr-
vatskoj i Bosni i Hercegovini, dva iz popu-
lacije Altaja i Lipetske oblasti (tablica 1).
Sekvencirani su dio genomske DNA s po-
mocu ITS5-p i ITS4 pocetnica i dijelovi
cpDNA s pomocu ccmp 10-R, trn HM,
trn G-P i trn MM pocetnica.

Softver Sequence Navigator (Applied
Biosystems) sluzio je za identifikaci-
ju odredene sekvencije iz dva lanca sva-
kog izolata. Softver Dialign 2 koristen
je za visestruko poravnavanje dobivenih
sekvencija [20] uz neke manje ru¢ne ko-
rekcije. Nove sekvencije pohranjene su u
bazi podataka EMBL s pristupnim broje-
vima, kao i pristupnim brojevima sekven-
cija objavljenih u bazi podataka Gen-
Bank za odabrane predstavnike obitelji
Rosaceae.

REZULTATI

Za analizu i potvrdu taksonomskog sta-
tusa hrvatske sibireje (Sibiraca croatica De-
gen), uporabljeno je ukupno 16 pocetni-
ca, koje su kombinirane u devet mogucih
parova pocetnica (tablica 2). Nakon $to su
provedene sve analize dobiveni rezultati
poslije amplifikacije pokazali su da posto-
ji samo jako mala ili nikakva varijabilnost
u duljini fragmenata amplificirane DNA.

Nakon $to su uspjesno zavrsene lan¢ane
reakcije polimerazom dobiveni ampli-

numbers as well as the accession numbers of the
sequences published in the GenBank database
for selected representatives of the Rosaceae fam-

ily.

RESULTS

For the analysis and confirmation of the tax-
onomic status of the Croatian sybirea (Sibi-
raea croatica Degen), a total of 16 primers were
used, which were combined into nine possible
pairs of primers (Zzble 2). The analyses were
performed and the post-amplification results
showed that there was very little or no varia-
bility in the length of the amplified DNA frag-
ments.

After the polymerase chain reactions were
successfully completed, the obtained amplifi-
cates were cut with restriction enzymes (7able
3), and confirmed that there are no differenc-
es between and within the studied sibireas pop-
ulation that could be detected on the agarose
gel. Because of this, sequencing was undertak-
en, but it also confirmed only a very small var-
iability between populations. The amplified
product using the trn GP and trn MM primer
pairs showed no differences within the 247 bp
long sequence. By applying BLAST [21], i.c. an
algorithm for comparing information on pri-
mary biological sequences, the results of chlo-
roplast DNA sequencing showed a significant
similarity of the trnG-trnM region for inter-
genic distances as in Prunus zippeliana species
(E = 127, bit value = 1e-26, GenBank acc. no.
= AB111589). The sequences obtained with
ccmp 10-R and reverse primer trn HM were
274 to 280 bp long with a 6 bp duplication in
the form of GTATAT of 215 bp towards the 5°

end. Duplication exists in all samples from Vel-
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fikati su izrezani restrikcijskim enzimi-
ma (tablica 3), te su potvrdili da izmedu
i unutar proucavanih populacija sibireja
nema razlika koje bi se mogle detektirati
na agaroznom gelu. Zbog toga se pristu-
pilo sekvencioniranju, ali je i ono potvr-
dilo samo jako malu varijabilnost izmedu
populacija. Umnozeni proizvod upo-
rabom trn GP i trn MM para pocetnica
nije pokazao razlike unutar 247 bp duge
sekvencije. Primjenom BLAST-a [21],

ebit and one sample from Altai. Both sequences
gave an identical result after BLAST [21] and
were similar to Vigna angularis and its chloro-
plast S10B operon (E = 92, bit value = 7e-16,
GenBank acc. no. = AF536225). The insertion
that appeared there was 6 bp long, and was not
detected earlier on agarose gels due to the inac-
curate method.

The ITS region in genomic tDNA was se-
quenced for the same samples. All nine sequenc-

es were 762 bp long for ITS5-p and ITS4 prim-

Tablica 2. Pregled pocetnica koristenih u istrazivanju; T - temperatura Zarenja [8]

Table 2. Overview of primers used in the research; T, — annealing temperature (8|

Ime pocetnice Ime sekvencije

T/ |Literatura

Primer name Sequence name °C References
ITS1 (nuclear) 5-TCC GTAGGT GAACCTGCGG-3 64 14
ITS4 (nuclear) 5-TCCTCC GCT TAT TGA TAT GC -3’ 58 14

ITSS (nuclear)

5- GGA AGT AAAAGT CGT AACAAGG-3 |59 16

ITSS-p (nuclear)

5- GGAAGG AGA AGT CGT AACAAG-3 61 17

atpB-1 (cpDNA)

5-ACATCKART ACK GGACCAATAA-3 |58 18

tbcL-1 ((pDNA) | 5-AACACCAGCTTTRAATCCAA3 |55 |18
cmplO-R (pDNA) | - TTC GTCGDC GTAGTAAATAG-3 |57 |18
anHM (cpDNA) | 5-GTGAAT CCACCAYGCGCGGG-3 |68 | P/ifafonde
tnG-P ((pDNA) | 5-GCC AAG GAG AAG ATG CGG G -3 65 |20
tnMM (cpDNA) | 5-CAT AACCTTGAGGTCACGGG-3 |62 |21
tnC-f(pDNA) | 5-CCAGITCAAATCTGGGTGTC3 |60 |21
tnD-m (cpDNA) | 5-GGGATT GTAGTTCAATTGGT-3 |56 |21

ycf9-P (cpDNA)

5-TTGCYT CTCCYGATGGYT GG-3 63

http://fbva.forvie.
ac.at/200/ 2043.html

rps 14 (cpDNA)

5-CTATCC GGACACATACTT CG-3 60 22

trnl (cpDNA)

5’- CAT TAC AAATGC GAT GCT CT -3 56 23

trnF (cpDNA)

5- ATT TGA ACT GGT GAC ACG AG -3’ 58 23
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odnosno algoritma za usporedbu infor-
macija o primarnim bioloskim sekvencija-
ma, rezultati sekvencioniranja kloroplas-
tne DNA pokazali su znatajnu sli¢nost
regije trnG-trnM za intergenske razmake
kao kod vrste Prunus zippeliana (E = 127,
vrijednost bita = le-26, GenBank acc.
no. = AB111589). Sekvencije dobivene
sa ccmp 10-R i reverznom pocetnicom
trn HM bile su duge 274 do 280 bp sa 6
bp podvostrucenja u obliku GTATAT od
215 bp prema 5’ kraju. Duplikacija pos-
toji u svim uzorcima s Velebita i jednom
uzorku s Altaja. Obje sckvencije dale su
identi¢an rezultat nakon BLAST-a [21] i
bile su sli¢ne kao kod vrste Vigna angula-
ris odnosno njenom kloroplastnom S10B
operonu (E = 92, vrijednost bita = 7¢-16,
GenBank acc. no. = AF536225). Insercija
koja se tu pojavila bila je duga 6 bp, te ni-
je otkrivena ranije na agaroznim gelovima
zbog nepreciznosti metode.

ITS regija u genomskoj rDNA sekven-
cirana je za iste uzorke. Svih devet sek-
vencija bile su duge 762 bp za pocet-
nice ITS5-p i ITS4. Nizovi su pokazali
neto¢nost kod nekih baza blizu 5 kraja
neovisno o podrijetlu (populaciji) uzorka.
Na tim mjestima u I'TS regija u genomskoj
tDNA sekvencirana je za iste DNA nizu
odredene se baze nisu mogle pravilno o¢i-
tati jer su dvije baze davale priblizno jed-
naki intenzitet signala. Sve sekvencirane
ITS regije sibireja uklju¢ene su u filogene-
tsku analizu s odabranim vrstama iz po-
rodice ruzovki (Rosaceae) koje su dos-
tupne u bazi podataka GenBank. Tako je
za sve rodove koristene u filogenetskoj us-
poredbi s novo dobivenim sekvencijama,

ers. The arrays showed imprecision at some bases
near the 5 end regardless of the origin (popula-
tion) of the sample. At those places in the DNA
sequence, certain bases could not be read prop-
erly because the two bases gave approximately
equal signal intensity. All sequenced ITS regions
of sibireas were included in the phylogenetic
analysis with selected species from the Rosaceae
family available in the GenBank database. This
is the case for all genera used in the phylogenet-
ic comparison with newly obtained sequences,
and for sibirea sequences were taken from avail-
able databases with their references from 2005

(Table 4).

DISCUSSION

The origin of analyzed disjuncted populations
of sibireas

Earth’s evolution is in constant motion, and
thus the species as well as the ecosystems in
which they occur. Thus, throughout its history,
sibirea was constantly exposed to changes. Dur-
ing the Tertiary period, larger areas of Southeast-
ern Europe, Southern Siberia and Western Chi-
na had different ecological characteristics and
vegetation cover. The southern part of Europe
and Siberia were covered with steppes and for-
est-steppes [22,23], and they reached their max-
imum distribution during the Quaternary. They
then spread from the Adriatic Sea to Eastern Si-
beria with their characteristic flora elements,
which can still be found today in isolated areas of
Southern Siberia, where sibirea also grew. Kumi-
nova [6], in her research in the East of Russia, in
the Southwest of Siberia, described specific plant
communities of the high steppe and steppe for-
ests. In these plant communities, she cites sibirea
from the Altai Mountains as one of the most im-
portant species, so it can be said that during the
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Tablica 3. PCR amplifikacija i duljina restrikcijskih fragmenata [bp] za sve pozitivne reakcije iz
razli¢itih populacija [8]; pocetnice su oznacene uobicajenim nazivima

Table 3. PCR amplification and length of restriction fragments [bp] for all positive reactions from

different populations [8); common names for the primers were used

Parovi Kakvocéa i Restrikcijski fragmenti PCR proizvoda [bp]
pocetnica/ | duljinaPCR Restriction fragments of the PCR products [bp]
Primer pairs | proizvoda / .
PCR guality and Hinf1 Mbo I Taql Alul Hae III
length of product
[bp]
ITS1 slaba o _ _ _ _
ITS4 amplifikacija
[ weak
amplification
ITS5 viSestruke vrpce _ B B B
1TS4 | multiple bands
ITS5-p 773 173,157, 582, 160 347,260, | _ _
I1TS4 151, 128, 83, 75, 60
67
cempl0- | 274 (280)* 140,127,7 | 274(280) | _ 274(280)" | 274(280)™ (bez
RetrnHM (146, 127, (bez restrikcije (bez restrikcije | restrikcije / 70
7)™ / no restriction) / no estriction) | restriction)
trnG-P 240 240 (bez 240 (bez _ 240 (bez 240 (bez
trnMM restrikcije /| restrikcije / o restrikcije / 7o | restrikcije / 7o
no restriction) | restriction) restriction) restriction)
unC-fan | viSestruke vepee | _ _ B B B
| multiple bands
atpB-1 bez amplifikacije | _ _ _ _ _
rbcL-1 / no
amplification
trnT- slaba _ _ _ _ _
trnF amplifikacija
[ weak
amplification
trnG-P 240 240 (bez 240 (bez _ 240 (bez 240 (bez
trnMM restrikcije /| restrikcije / 70 restrikcije / 70 | restrikcije / o
no restriction) | restriction) restriction) restriction)
trnC-f vi$estruke vrpce _ _ _ _
trnD-m | multiple bands

( - )* Reakcija nije provedena / Reaction not performed.
** Za uzorke iz populacije Velebit i nekoliko uzoraka iz populacije Altai. / For samples from population Velebit
and a few samples from population Altai.
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a za sibireje su preuzete sekvencije iz dos-
tupnih baza podataka s njihovim refere-
ncijama iz 2005. godine (tablica 4).

RASPRAVA

Podrijetlo analiziranih disjunktnih
populacija sibireje

Zemljina je evolucija u stalnom kreta-
nju, a samim time i vrste kao i ekosustavi
u kojima se javljaju. Tako je i sibireja bila
kroz svoju povijest stalno izlozena promje-
nama. Tijekom tercijara veca podrudja ju-
goisto¢ne Europe, juznog Sibira i zapadne
Kine imala su drugacija ekoloska obiljezja
ivegetacijski pokrov. Juzni dio Europe i Si-
bira bili su prekriveni stepama i Sumoste-
pama [22,23], da bi one tijekom kvartara
dosegle svoju maksimalnu rasprostranje-
nost. One se tada prostiru od Jadranskog
mora do isto¢nog Sibira s njihovim karak-
teristi¢nim flornim elementima, koji se i
danas mogu nadi u izoliranim podrudjima
juznog Sibira, gdje je rasla i sibireja. Ku-
minova [6] je u svojim istraZivanjima na
istoku Rusije, na jugozapadu Sibira, opisa-
la specifi¢ne biljne zajednice visoke stepe i
stepskih Suma. U tim biljnim zajednicama
navodi sibireju s planine Altaj kao jednu
je od najznacajnijih vrsta, pa se moze reci
daje tijekom kvartara i tercijara bila $iroko
rasprostranjena na ¢itavom tom prostoru.

Krajem tercijara klima se mijenja, a na-
kon velikih klimatskih promjena u glaci-
jalnom razdoblju, populacije sibireje su
razdvojene u male i udaljene izolirane oto-
ke, tj. u disjunktna podrudja. Jugoisto¢-
nocuropske populacije sibireje ostale su
izolirane na planinama Velebit, Cabulja i
Cvrsnica, obuhvacajuci male subpopulaci-

Tablica 4. Dostupne sekvencije [8]
Table 4. Available sequences [8]

Agrimonia eupatoria L., U90798

Aremonia agrimonoides (L.) D. C., U90799

Cotoneaster lacteus W. W. Smith., U16188

Crataegus mollis (Torr. & A. Gray) Scheele,
U16190

Cydonia oblonga Mill., AF186531

Dryas octopetala L., U90804

Fragaria moschata Duchesne, AF163505

Fragaria vesca L., U90793

Fragaria vesca subsp. vesca forma alba (Ehrh.)
Staudt., AF163516

Fragaria vesca L. subp. vesca, AF163515

Fragaria x ananassa Duchesne, AF164494

Filipendula ulmaria (L.) Maxim., U90783

Filipendula vulgaris Moench, AJ416467

Geum montanum L., AJ302350

Geum rivale L., A]J302352

Malus sieversii (Ledeb.) M. Roem.,
AF186491

Malus x domestica Borkh., U16195

Mespilus germanica L., U16196

Potentilla dickinsii Back., U90785

Potentilla fruticosa L., AF163478

Prunus armeniaca L., AF318756

Prunus avium L., AF318737

Prunus cerasus L., AF318729

Prunus domestica L., AF318713

Prunus persica (L.) Batsch, AF318741

Pyrus pyrifolia (Burm. £.) Nakai., AF287240

Rosa canina L., AB019495

Rosa persica Michx, AJ416468

Rubus caucasicus Focke, AY083371

Rubus idaeus L., AF055756

Rubus neomexicanus Gray, AY083358

Sanguisorba officinalis L., AY635040

Sorbus aucuparia L., U16204

Sorbus torminalis (L.) Crantz., AF086533

Spiraea cantoniense Lour, AF318722

Spiraea x vanhouttei (Briot) Zabel, U16205

Waldsteinia geoides Willd., AJ302362
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je s relativno malim brojem jedinki. U Hr-
vatskoj se grmovi sibireje javljaju u biljnoj
zajednici Seslerio-Ostryetum Horvat [2],
a u Bosni i Hercegovini u zasebnim bilj-
nim zajednicama u visokim planinskim
predjelima na krsevitim vapnenackim te-
renima. lako jos nisu potpuno istrazene,
svojom morfologijom i otvorenoscu sta-
niSta djelomi¢no podsjecaju na Sumoste-
pe. Analizirani su i uzorci iz juzne Rusije,
s lokaliteta na kojima je sibireja umjetno
unesena u svrhu izrade rukotvorina ili za-
Stite tla od erozije. Stoga sada$nja raspro-
stranjenost sibireje u jugoistocnoj Europi
i juznom Sibiru najvjerojatnije predstavlja
samo ostatke pocetnoga velikoga podru¢-
ja rasprostranjenosti iz razdoblja tercijara i
kvartara. Sadasnje podrudje rasprostranje-
nosti predstavlja glacijalni refugij nastao
tijekom posljednje glacijacije. Medutim,
paleontoloske analize fosilnog polena ni-
su dostupne da bi dokazale tu pretpostav-
ku, ali postoje analize peludi sa Zivog ma-
terijala s podru¢ja Velebita [24].

Polimorfizam cpDNA i ITS bio je
minimalan ili nije otkriven

Analizirana nekodirajuéa podruéja u
cpDNA pokazuju sporu stopu evolucije i
mogu se koristiti za diferencijaciju izmedu
vrsta i populacija [25]. U ovom istraziva-
nju kori$teno je Sest pari pocetnica za am-
plifikaciju dijelova nekodirajucih regija u
cpDNA; opce pocetnice napravljene za
amplifikaciju atpB-rbcL gena kod mahu-
narki [26] i pocetnice napravljene za du-
han (tablica 2). Odabrane pocetnice nisu
dizajnirane posebno za lan¢anu reakciju
polimerazom kod sibireja niti su modifi-

Quaternary and Tertiary it was widely distribu-
ted throughout that area.

At the end of the Tertiary and after major cli-
matic changes in the glacial period, the popula-
tions of sibireas were separated into small and
distant isolated islands, i.e. into disjuncted are-
as. The Southeast European populations of sibi-
rea remained isolated in the Velebit, Cabulja and
Cvrsnica mountains, comprising small subpo-
pulations with a relatively small number of in-
dividuals. In Croatia, sibirea shrubs occur in
the plant community Seslerio-Ostryetum Hor-
vat [2], and in Bosnia and Herzegovina in sepa-
rate plant communities in high mountain are-
as on rugged limestone terrain. Although they
have not yet been fully explored, their mor-
phology and openness of habitats partially re-
semble forest-steppes. Samples from southern
Russia, from localities where sibirea was arti-
ficially introduced for the purpose of making
handicrafts or protecting the soil from erosion,
were also analyzed. Therefore, the current dis-
tribution of sibirea in Southeastern Europe and
Southern Siberia most likely represents only the
remains of the initial large area of distribution
from the Tertiary and Quaternary periods. The
current distribution area represents a glacial re-
fugium created during the last glaciation. How-
ever, paleontological analyses of fossil pollen are
not available to prove this assumption, but there
are analyses of pollen of living material from the

Velebit area [24].

cpDNA and ITS polymorphism was minimal or
not detected

Analyzed non-coding regions in cpDNA
show a slow rate of evolution and can be used
to differentiate between species and popula-
tions [25]. In this study, six primer pairs were
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cirane za tu priliku. Ipak, za analizu su op-
timirane PCR reakcije za odredene paro-
ve pocetnica bez ili sa slabim pojacanjem.
Umnozene DNA sekvencije nisu pokaza-
le razlike izmedu populacije u restrikcij-
skim obrascima, iako je dobro poznato da
lan¢ana reakcija polimeraze u kombinaci-
ji s polimorfizmom duljine restrikcijskih
fragmenata (PCR-RFLP) razdvaja vedi-
nu vrsta, ali i neke populacije [17,26,14].
U istrazivanom slucaju je registrirana sa-
mo manja razlika u duplikaciji od 6 bp
na umnozenoj cpDNA uz pomo¢ pocet-
nice ccmp 10R i njenim parom pocetni-
com trnM. Udvostruéivanje je vjerojatno
rezultat jednostavnog umetanja u neko-
dirajuéu regiju, a registrirano je u dvije ze-
mljopisno razli¢ite populacije.

Kod restrikcijskog obrasca za ITS re-
giju u genomskoj rDNA nisu registrira-
ne razlike, $to ukazuje na to da svi uzorci
sibireje pripadaju istoj vrsti jer je dokaza-
no da je ITS regija ocuvana unutar jed-
ne taksonomske vrste. Uocene supstitu-
cije ili neto¢nosti u sekvenciji iste regije
dale su razliku 0-2 para baza izmedu ra-
zlicitih sekvencija ITS-a, to je usporedi-
vo s razlikama uo¢enim unutar komplek-
sa vrste Fragaria vesca gdje su registrirane
razlike od 0-3 para baza. Dobivene goto-
vo identi¢ne sekvencije mogu ukazivati
na nedavno razdvajanje i mogucu speci-
jaciju istrazivanih populacija zbog njiho-
ve nedavne kolonizacije kao §to je uoceno
kod vrsta roda Adenocarpus [27]. Vogler
i DeSalle [28] raspravljali su o tome da je
glavna evolucijska sila kod ribosomske re-
gije bila uskladena s tokom evolucije, ko-
ja bi trebala dovesti do homogenizacije

used to amplify parts of non-coding regions
in cpDNA; general primers designed for am-
plification of the atpB-rbcL gene in legumes
[26] and primers designed for tobacco (7a-
ble 2). The selected primers were not de-
signed specifically for polymerase chain re-
action in sibireas nor were modified for this
purpose. However, PCR reactions for certain
pairs of primers without or with weak amplifi-
cation were optimized for analysis. Amplified
DNA sequences did not show differences be-
tween populations in restriction patterns, al-
though it is well known that polymerase chain
reaction combined with restriction fragment
length polymorphism (PCR-RFLP) scpa-
rates most species, but also some populations
[17,26,14]. In the investigated case, only a mi-
nor difference in duplication of 6 bp was reg-
istered on the amplified cpDNA with the help
of primer ccmp 10R and its pair primer trnM.
The duplication is probably the result of a
simple insertion in a non-coding region, and
has been registered in two geographically dis-
tinct populations.

No differences were registered in the re-
striction pattern for the ITS region in the
genomic rDNA, which indicates that all sam-
ples of sibirea belong to the same species, as it
has been proven that the ITS region is con-
served within one taxonomic species. The ob-
served substitutions or inaccuracies in the se-
quence of the same region gave a difference of
0-2 base pairs between different ITS sequenc-
es, which is comparable to the differences ob-
served within the complex species Fragaria
vesca where differences of 0-3 base pairs were
registered. The almost identical sequences ob-
tained may indicate a recent separation and
possible speciation of the investigated popu-
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pojedina¢nih ponavljanja i proizvoditi
uglavnom jednostruke sekvencije u svim
ponavljanjima odredene vrste. Usklade-
na evolucija mogla bi biti problem ako
postoje slucajevi alopoliploidije, ali je
predvideno da su Sibiraca spp. diploid-
ne. Osim toga, o¢uvanje ribosomskih ge-
na (uklju¢ujuci ITS regije) prikazano je i
kori$teno zajedno s maternalnim naslije-
denim u regijama cpDNA za filogenet-
sku analizu i definiciju vrsta kod brojnih
biljnih skupina [29,30] kao i u drugim
organizmima kao $to su viSe gljive, gdje
se mogu uoditi neke varijacije na razini
morfoloskih svojstava [17,26,31]. Varija-
bilnost unutar vrste mogla bi se objasni-
ti neto¢noscu koja je uoc¢ena kod nekih
dijelova ITS sekvencija. Tockaste muta-
cije takoder se mogu pojaviti i ostati fik-
sne unutar jedne vrste/uzorka $to rezulti-
ra heterozigotno$éu ITS regije (ili barem
u nekim kopijama rDNA, a §to u kona¢-
nici rezultira heterodupleksima). Posto-
janost takvih mutacija u populacijama
moze se objasniti malim, disjunktnim
populacijama s velikom vjerojatnoscu sa-
mooplodnje ili kriZzanja u srodstvu, kao i
vegetativnog razmnozavanja. Sli¢na po-
limorfna nukleotidna mjesta objasnje-
na kao superpozicija dvaju ili vise razlici-
tih I'TS ponavljanja unutar jednog li vise
ribosomskih genskih klastera takoder su
primijecena i dokazano postoje u nekoli-
ko taksona roda Amelanchier, a koji po-
kazuju uobicajenu ascksualnu proizvod-
nju sjemena. Ballian i sur. [8] su stoga
predlozili za sibireju Cetiri moguca ra-
zloga za postojanost polimorfizma: poli-
morfizam unutar jedinke kao posljedica

lations due to their recent colonization as ob-
served in Adenocarpus species [27]. Vogler
and DeSalle [28] argued that the main evo-
lutionary force at the ribosomal region was
aligned with the course of evolution, which
should lead to the homogenization of indivi-
dual repeats and produce mostly single
sequences in all repeats of a given species. Co-
ordinated evolution could be a problem if
there are cases of allopolyploidy, but Sibiraea
spp are predicted to be deployed. In addition,
conservation of ribosomal genes (including
ITS regions) has been demonstrated and used
together with maternally inherited cpDNA
regions for phylogenetic analysis and species
definition in numerous plant groups [29,30]
as well as in other organisms such as high-
er fungi, where they can observe some varia-
tions at the level of morphological properties
[17,26,31]. The variability within the species
could be explained by the inaccuracy observed
in some parts of the I'TS sequences. Point mu-
tations can also occur and remain fixed with-
in a species/specimen resulting in heterozy-
gosity of the ITS region (or at least in some
tDNA copies, ultimately resulting in hetero-
duplexes). The persistence of such mutations
in populations can be explained by small, dis-
juncted populations with a high probability of
self-fertilization or inbreeding, as well as veg-
etative propagation. Similar polymorphic nu-
cleotide sites explained as the superposition
of two or more different ITS repeats within
one or more ribosomal gene clusters have al-
so been observed and proven to exist in sever-
al taxa of the genus Amelanchier, which show
normal asexual seed production. Ballian ez 4/.
[8] therefore proposed for sibirea four possi-
ble reasons for the persistence of polymor-
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prijelaznog stadija u uskladenoj evoluci-
ji, interspecifi¢na hibridizacija, evolucija
pseudogena i poremecaj uskladene evolu-
cije zbog nehomolognog polozaja lokusa
rDNA [32].

Tu je zanimljivo napomenuti da je medu
nekoliko bliZih srodnika sibireja bilo i ne-
koliko sekvenciranih vrsta iz roda Spiraea,
te su potvrdili polozaj roda Sibiraea, koji je
utvrden prema morfoloskim karakeeristi-
kama unutar sekcije Spireae i podporodice
Malonideae [33] i molekularno kroz istra-
zivanje koje su proveli Potter i sur. [34].

U istrazivanjima koja su provedena za
vrste iz roda Zelkova, odnosno dvije ende-
miéne vrste, Zelkova abelicea (Lam.) Boi-
sser 1 Zelkova sucula Di Pasquale, rezulta-
ti pokazuju da se razlikuju samo u jednom
paru baza i to u trnL intronu i nije otkri-
vena nikakva raznolikost unutar popula-
cije pomocu razli¢itih kloroplastnih bilje-
ga [35]. Tiautori sugeriraju da je nedavno
doslo do odvajanja vrsta njihova jasnijeg
razgrani¢enja. Prema uodenoj sli¢nosti
ITS1, 5.8S i ITS2 regiji u genomskim
tDNA klasterima umnozenim iz popu-
lacija hrvatske sibireje prikupljenih na
Cabulji (Bosna i Hercegovina) i Velebi-
tu (Hrvatska) te altajske sibireje s oba lo-
kaliteta, na Altaju i juznoj Rusiji, nije po-
tvrdeno postojanje hrvatske sibireje (S.
croatica) kao zasebne vrste. Medutim, ne-
dostatak molekularnih dokaza za zadrza-
vanje hrvatske sibireje kao zasebne vrste
ne bi trebao umanjiti vaznost prisutnosti
sibireje za regionalnu floru u jugoisto¢noj
Europi (planine zapadnog Balkana) gdje
je veoma rijetka vrsta, a na nekim lokalite-
tima joj prijeti potpuni nestanak.

phism: intra-individual polymorphism as a
consequence of a transitional stage in concert-
ed evolution, interspecific hybridization, evo-
lution of pseudogenes and disruption of con-
certed evolution due to the non-homologous
position of the rDNA locus [32].

It is interesting to note here that among
several close relatives of sibirea there were al-
so several sequenced species from the genus
Spiraea, and they confirmed the position of
the genus Sibiraea, which was established ac-
cording to morphological characteristics with-
in the section Spiraea and the subfamily Malo-
nideae [33] and molecularly through research
conducted by Potter ez al. [34].

In research conducted for species from
the Zelkova genus, i.e. two endemic species,
Zelkova abelicea (Lam.) Boisser and Zelkova
sucula Di Pasquale, the results show that they
differ only in one pair of bases, namely in the
trnl intron, and no diversity within pop-
ulations using different chloroplast mark-
ers [35]. These authors suggest that recent-
ly there has been a separation of species with
a clearer demarcation. According to the ob-
served similarity of the ITS1, 5,85 and ITS2
region in the genomic rDNA clusters mul-
tiplied from populations of Croatian sibirea
collected on Cabulja (Bosnia and Herzego-
vina) and Velebit (Croatia) and Altaic sibire-
as from both localities, in Altai and southern
Russia, the existence of Croatian sibireas (S.
croatica) is not confirmed as separate species.
However, the lack of molecular evidence for
the retention of Croatian sibirea as a separate
species should not diminish the importance
of the presence of sibirea for the regional flo-
ra in southeastern Europe (mountains of the
Western Balkans), where it is a very rare spe-
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Brojni evolutivni procesi koji uprav-
ljaju prirodnim selekcijama u populacija-
ma i zbog mutacijskih promjena u malim
disjunktnim populacijama koje bi dove-
le do diferencijacije populacija, odnosno
vrsta, jo$ nisu dobro poznati [36]. Kako
fenomen prirodne selekcije djeluje sli¢no
u malim izoliranim populacijama moze
se ilustrirati i na primjeru vrste Abies ne-
brodensis (Lojac.) Mattei, gdje selekcija
daje prednost samo heterozigotima [37].
Sli¢an je fenomen zabiljezen i za popu-
lacije vrste Pinus leucodermis Ant. kako
izvjeStavaju Boscherini i sur. [38], aiu
podpopulacijama Picea abies (L.) Karst.
u ekstremnim uvjetima rasta [39,40].

ZAKLJUCAK

Genska struktura hrvatske sibireje u
podru¢ju zapadnog Balkana i njen odnos
sa sibirejom iz juzne Rusije i juznog Sibi-
ra analizirani su s pomocu amplifikacije,
restrikcije i sekvencioniranja I'TS regije u
genomskoj i kloroplastnoj DNA te su us-
poredene sa sekvencijama drugih vrsta iz
porodice Rosaceae, a koje su preuzete iz
baze podataka GenBank.

Restrikeijska analiza i odvajanje u aga-
roznom gelu nisu pokazali razlike u du-
ljini digestirane cpDNA izmedu ili unu-
tar populacija. Sekvenciranje je pokazalo
samo manju varijabilnost kod ispitanih
populacija. Primijecena je samo manja
razlika udvostru¢enja od 6 bp u DNA
umnozenoj s ccmp 10 R i parom pocet-
nica trnM. Udvostru¢ivanje bi moglo biti
rezultat jednostavnog umetanja u nekodi-
rajucu regiju i primijeceno je u dvije geo-
grafski razlicite populacije.

cies, and in some localities it is threatened
with complete disappearance.

Many evolutionary processes that govern
natural selection in populations and muta-
tional changes in small disjunct populations
that would lead to the differentiation of pop-
ulations, relating to species, are not yet well
known [36]. How the phenomenon of nat-
ural selection acts similarly in small isolated
populations can be illustrated by the exam-
ple of the species Abies nebrodensis (Lojac.)
Mattei, where selection favors only heterozy-
gotes [37]. A similar phenomenon was re-
corded in populations of Pinus leucodermis
Ant. as reported by Boscherini ez 4l. [38], and
in subpopulations of Picea abies (L.) Karst, in
extreme growth conditions [39,40].

CONCLUSIONS

The genetic structure of the Croatian sibi-
rea in the area of the Western Balkans and its
relationship with the sibirea from Southern
Russia and Southern Siberia were analyzed us-
ing amplification, restriction and sequencing
of the ITS region in genomic and chloroplast
DNA, and was compared with the sequenc-
es of other species from the Rosaceae family,
which are taken from the GenBank database.
Restriction analysis and agarose gel separation
showed no differences in the length of digest-
ed cpDNA between or within populations.
Sequencing showed only minor variability be-
tween investigated populations. Only a minor
fold difference of 6 bp was observed in DNA
amplified with comp 10 R and the tn/*M
primer pair. The duplication could result from
a simple insertion in a non-coding region and
was observed in two geographically distinct
populations.
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Nema razlika u restrikcijskom obrascu
za TS regiju u genomskoj rDNA $to uka-
zuje na to da svi uzorci sibireje pripadaju
istoj vrsti jer je dokazano da je I'TS regija
ocuvana unutar jedne taksonomske vrste.
Uocene supstitucije ili neto¢nosti u sek-
venciji iste regije dale su razliku 0-2 para
baza izmedu razli¢itih sekvencija ITS-a.

Manje razlike dobivene na moleku-
larnoj razini podupiru hipotezu da je si-
bireja stari tercijarni relikt koji pokazuje
manju varijabilnost. To istrazivanje po-
tvrdilo je Siliceve prethodne preliminar-
ne rezultate koje je osobno prenio autoru
(D. Ballian, gp. ur.), gdje su radene us-
poredbe hrvatskih i altajskih sibireja na
morfoloskoj razini, a zabiljeZene su mi-
nimalne razlike medu njima. Podatci do-
biveni istrazivanjem upucuju na to da bi
hrvatska sibireja trebala dobiti nizi tak-
sonomski status u sluzbenoj biljnoj sis-
tematici jer vjerojatno predstavlja samo
ckotip altajske sibireje.

Male i izolirane populacije sibireje na vi-
sokim hercegovackim planinama su pred
nestajanjem zbog sukeesije flore, odnosno
nadiranja Sumskih drvenastih vrsta kao $to
su bukva i munika uz njihove prateée vr-
ste. Zbog toga e ocuvanje visokoplanin-
skih pasnjaka na kojima se javlja sibireja bi-
ti moguce jedino kroz aktivno upravljanje

(IUCN 1994).
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There are no differences in the restriction
pattern for the ITS region in the genomic
rDNA indicating that all samples of sibirea
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proved to be conserved within one taxonom-
ic species. The observed substitutions or in-
accuracies in the sequence of the same region
gave a difference of 0-2 base pairs between
different I'TS sequences.

Smaller differences obtained at the
molecular level support the hypothesis that
sibirea is an old Tertiary relict that shows less
variability. That research confirmed Sili¢s
previous preliminary results, which he per-
sonally conveyed to the author (D. Ballian,
Ed. note), where comparisons of Croatian
and Altaic sibireas were made on the mor-
phological level, and minimal differences
between them were recorded. The data ob-
tained from the research indicate that Croa-
tian sibirea should receive a lower taxonomic
status in the official plant taxonomy because
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Small and isolated populations of sibirea on
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