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Genus Sorbus is a long lived woody species that is primarily distributed throughout Asia and Europe.
This species is regarded as very important herbal medicines in Korea and China. Sorbus commixta is
primarily distributed throughout Europe. We evaluated a representative sample of the four taxa with
nuclear ribosomal DNA internal transcribed spacer sequences (ITS) to estimate genetic relationships
within genus. Aligned nucleotide sequences of the length of ITS1 were nearly constant within genus
Sorbus varying from 219 in S. aucuparia to 218 in the rest species. Especially, the 5.85 subunit of all
taxa of Sorbus was found to constant of 165 bp nucleotides. However, aligned nucleotide sequences
of the length of TTS2 vary from 240 in S. sambucifolia var. pseudogrcilisto 245 in S. aucuparia. Total align-
ment length is 629 positions, of which 35 are parsimony-informative, 32 variable but parsimony-unin-
formative, and 552 constant characters. The base furtherance showed the difference to the by a total
taxon: an average A and T are 17.7% and G and C are 304%, 34.2%, respectively. All the four taxa
beginning with conserved base paired triplets emerging from single strand regions (domain | ).
Noteworthy, in the RNA secondary structure proposed for the three Korean Sorbus taxa RNA tran-
script ITS2, which shows a remarkedly well-conserved folding (domain |l). When compared to the
European Sorbus (S. aucuparia) of ITS2. ITS analysis may be useful in germ-plasm classification several

taxa of genus Sorbus.
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Introduction

Genus Sorbus is known as about 100 species slave-serv-
ants range comprehensively over subarctic zone from tem-
perate zones of The Northern Hemisphere. The genus
Sorbus in Asia is compose of three species and 12 variants
[13]. Plants of this genus have been utilized from the ex-
ample by various usage of coronal shape, industry, edi-
bility, medical use, and so on. Many plants of genus Sorbus
had been used from the example for good materials for
stick and according as new research and practical use way
about medical use and so on are risen, as the availability
also is increased, the importance and edibility as resources,
development value of medical use resources is taken an-
other look at but distribution area ranges natively in high
mountain area normalcy department belonging to com-
parative low temperature land rent and there is special
quality that grow and wide research that is research and
genetic variation and classification school register organ-
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ization process of stock and raw meat environment and
physiology, mode of life enemy is much unreciprocated
status.

Specially, nutrition effects had been known as water in
which medicine has been dissolved that is in discharge of
phlegm, bronchial catarrh and several diseases such as
body weakness and research about abstraction of material
and so on, separation is reported on several kind of fla-
vonoids, carotene and antioxidant [4,12].

Although molecular and biochemical approaches are
now increasingly being applied to address the taxonomic
and phylogenetic relationships within the animals and
plants in Korea, no population genetic studies of genus
Sorbus have been conducted. In addition, the taxonomy of
genus Sorbus has processed mainly through morphological
characteristics and ecological study [3].

Nuclear ribosomal DNA internal transcribed spacer se-
quences (ITS) is eukaryotic ribosomal RNA genes (known
as ribosomal DNA or tDNA) are found as parts of repeat
units that are arranged in tandem arrays, located at the
chromosomal sites known as nucleolar organizing regions
(NORs) [1]. Each repeat unit consists of a transcribed re-



gion (having genes for 185, 5.85 and 265 rRNAs and the
external transcribed spacers ie. ETSI and ETS2) and a
non-transcribed spacer (NTS) region. In the transcribed re-
gion, internal transcribed spacers (ITS) are found on either
side of 585 rRNA gene and are described as ITS1 and
ITs2.

The length and sequences of ITS regions of tDNA re-
peats are believed to be fast evolving and therefore may
vary. Universal PCR primers designed from highly con-
served regions flanking the ITS and its relatively small size
(600-700 bp) enable easy amplification of ITS region due to
high copy number (up t0-30000 per cell) of rDNA repeats
[5]. This makes the ITS region an interesting subject for
evolutionary and phylogenetic investigations [3,8,9] as well
as biogeographic investigations [2,10,15].

The purpose of this research wished to compare with
other flora that verify genetic variety of genus Sorbus taxa
and mass of differentiation whether is possible by ITS in

Korea and have genus Sorbus paper resemblant life history
in the South Korea.

Materials and Methods

Plant materials and DNA extraction

All of the 60 plants were collected from five populations
in Korea (Table 1). One young leaf per mature tree (> 5
yr) was sampled. Seven or eight plants were randomly col-
lected from each population. In addition, European species,
Sorbus aucuparia, of the same family Rosaceae was pro-
vided for the outgroup and used to compare the phyloge-
netic relationship.

The genomic DNA of the samples including outgroup
was extracted from fresh leaves using the plant DNA Zol
Kit (Life Technologies Inc, Grand Island, New York,
US.A) according to the manufacturer’s protocol.

ITS analysis
Primer sets of about 20 bases in length (ITS1 and ITS2)
[17] were used for PCR analysis (Table 2). These primers

Table 1. Codes and locations of Sorbus species used in this study
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Table 2. Synthetic primers used for sequencing the ITS gene
in genus Sorbus taxa

No. Primer (5'-3)
ITS1 TCCGTAGGTGAACCTGCGG ~ White ef, al. (1990
T2 GCTGCGTTCTTCATCGATGC ~ White et, al. (1990

ITS3 GCATCGATGAAGAACGCAGC White ef, al. (1990
ITS4 TCCTCCGCTTATTGATATGC White ef, al. (1990

Reference

o N o

were based on well-characteristic DNA Sequences and
were designed making use of conserved regions of the 185
and 285 rRNA genes to amplify the noncoding regions be-
tween the (ITS1 and ITS2) and 5.85 rRNA gene.

PCR materials (50 ul volume) included 50 ng of genomic
DNA, 100 uM of each dNTP, 0.2 uM of each primer, 1 x
enzyme buffer, and 2 unit of Taq polymerase. The amplifi-
cation profile was 28 cycles of 94°C for 30 sec, 42°C for 60
sec, 72°C for 60 sec, preceded by an initial denaturation at
94°C foe 90 sec and followed by a final extension at 72°C
for 5 min.

PCR products were separated on 1.5% agarose gels and
purified using the QIAquick Gel Extraction Kit (QIAGEN).
The amplified fragments were cloned into a bluescript vec-
tor and sequenced using ABI Prism 377 Sequencer
(Applied Biosystem, USA). At least ten individuals’ clones

of each taxon were analyzed.

Phylogenetic analysis and RNA Secondary Structure

A pairwise alignment was calculated using the Clustal X
program. Phylogenetic relationship were estimated by
MEGA4 version 4.0 [16] treating all alignment gaps as
missing. A maximum parsimony tree (MP) was inferred
using heuristic search, branch-swapping options and tree
bisection-reconnection. Confidence values for individual
branches were determined by a bootstrap analysis with 100
repeated sampling of the data. In addition, a phylogenetic
tree was constructed by the neighborjoining (NJ) method
[14] using the NEIGHBOR program in PHYLIP version
357 [6]. The ITS structure is use the Vienna RNA
Secondary Structure Prediction.

Taxa Localities Code
Sorbus. aucuparia Osan, Gyeonggi-do AUC
S. amurensis Ulleung-do, Gyeongsangbuk-do AMU
S. sambucifolia var. pseudogracilis Mt. Gebang, Pyeong chang, Gangwon-do SAM
S. commixta Mt. Giri, Sancheong-gun, Gyeongsangnam-do COM-1
S. commixta Mt. Gariwang, Jeongseon, Gangwon-do COM-2
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Results

ITS profiles for four Sorbus taxa were shown in Figure
1. DNA sequencing of ITS1, 5.85, and ITS2 were successful
in all of the species given in Table 3, but sequencing of 185
failed in two species and was partly successful in another
species.

Aligned nucleotide sequences of the length of ITS1 were
nearly constant within genus Sorbus varying from 219 in S.
aucuparia to 218 in the rest species. Especially, the 5.85 sub-
unit of all taxa of Sorbus was found to constant of 165 bp
nucleotides. However, aligned nucleotide sequences of the
length of ITS2 vary from 240 in S. sambucifolia var. pseu-
dogrcilisto 245 in S. aucuparia. Total alignment length is 629
positions, of which 35 are parsimony-informative, 32 varia-
ble but parsimony-uninformative, and 552 constant
characters.

The base furtherance showed the difference to the by a
total taxon: an average A and T are 17.7% and G and C
are 30.4%, 34.2%, respectively. The base furtherance of
G+C was showed about 64.6%. The content of C is most
high to 36.3% in S. aucuparia. The content of G showed
about 31.2% averages in Korean spices. However S. aucu-
paria showed about 27.9% (Table 4).

Clustering of Sorbus Species, using the NJ algorithm,
was performed based on the matrix of calculated distances
(Fig. 2). The phylogenic tree showed Korean populations
were well separated each other. The tree also shows genet-
ic differentiation among local populations for Korean

Fig. 1. ITS profiles of genus Sorbus.

Table 3. Sizes of 1TS1, 5.85 and ITS2 regions of genus Sorbus

Taxa ITS1 585 ITS2 Total
. aucuparia 219 165 245 629
. amurensis 218 165 241 624

. sambucifolia var. pseudogracilis 218 165 240 623
. commixta 218 165 241 624
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species.

All ITS trees generated exhibited partly unsolved top-
ology with low bootstrap support irrespective of the meth-
ods (parsimony or N-J) and the setting used. This result
confirmed two clades for all specis. S. amurensis was sim-
ilar to S. commixta, while S. aucuparia was more distinct.

S. amurensis, S. commixta, and S. sambucifolia var. pseu-
dogrcilis are conform one group and S. aucuparia is another.
S. aucuparia was supported with bootstrap values of 70%.

Interestingly, all the four taxa beginning with conserved
base paired triplets emerging from single strand regions
(domain I) (Fig. 3). Noteworthy, in the secondary struc-
ture proposed for the three Korean Sorbus taxa RNA tran-
script ITS2, which shows a remarkedly well-conserved
folding (domainIl). When compared to the European
Sorbus (S. aucuparia) of TTS2.

We also observed in the distal portion of domainIli re-
gions of sequence hormology which are reflected in a con-
served pattern of folding in S. sambucifolia var. pseudograci-
lis S. amurensis.

Table 4. Rate of A, C, G, T to four spices of genus Sorbus

Codes A C G T
AUC 17.99 36.30 27.86 17.83
AMU 18.24 3312 30.72 17.92
SAM 17.66 33.23 3162 17.50
COoM 18.29 3419 31.30 17.50
Mean 17.69 34.21 30.37 17.68
S
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Fig. 2. A phylogenetic tree for genus Sorbus based on ITS
analysis.

Table 5. Genetic identity (upper diagonal) of four species ge-
nus of Sorbus taxa based on ITS and genetic dis-
tances (low diagonal) at species level

Species AUC AMU SAM COM
AUC - 83.1 841 83.3
AMU 19.2 - 98.1 98.4
SAM 17.9 1.9 - 98.3
COM 19.0 16 17 -
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Fig. 3. The results ITS RNA secondary structure -prediction of genus Sorbus using the Vienna.
A: S. sambucifolia var. pseudogracilis, B: S. amurensis, C: S. commixta, D: S. aucuparia.

Discussion

Given the proliferation of genetic markers, comparisons
between techniques are inevitable. However, there is a
need technique is best suited the issues being examined. In
previous study, RAPDs were used to determine the genetic
relationships among populations and the results compared
to pedigree relationships where there were available [13].
In addition, from the dendrogram of the species studied, a
very good agreement with the existing classification based

on morphology and biochemical studies of the species of

genus Sorbus was observed [11]. First, S. sambucifiolia var.
pseudogracilis grouped with one of its possible parent spe-
cies of S. commixta. Secondly, S. aucuparia which is im-
ported from European rowan is separated from the re-
maining Korean rowan clades.Finally, although both out-
groups of S. alnifolia and S. sorbifolia are same genus Sorbus
and grouped together, they did not includetrue members
of rowan.

Common life history traits, such as wind dispersal or
animal dispersal of both pollen grains and seeds, high re-

productive capability, similar longevity and successional
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behavior, could more readily account for most of the ho-
mology in the population genetics of these species, and
most likely for the low differentiation observed at the in-
traspecific level. These factors can reduce the effect of geo-
graphic isolation for genetic divergence.

Sorbus aucuparia is mostly distributed in Europe and
America [4]. This species is introduced in Korea about one
hundred years ago which today is widely appreciated or-
namental and landscape architecture.

The S. commixta and S. aucuparia were morphologically
distinguished from each other [4]. One of the most striking
features between both taxa was length and diameter of
winter buds. However, the resolving power of morpho-
logical characteristics is restricted, mainly because of the
small number of characters available. Efficient methods to
clarify the taxonomic status of several species are much
needed. The molecular data allowed us to resolve
well-supported clades in Korean taxa and European
species.

By current categories for threatened taxa in Korea, all
species belonging to genus Sorbus are not considered
threatened. The probability of extinction of any single pop-
ulation is high, since the populations or populations of
natural S. commixta are so small. Ecological management of
these populations will be necessary to preserve species.
Many populations of genus Sorbus are decline in pop-
ulation size because of the habitat loss by such road-struc-
turing, land development business in a low mountain, and
human activities such as over-gathering medicinal plants.
Taking the circumstances into this consideration, some
populations showed the highest genetic diversity by DNA
fingerprinting, thus these populations may be recommend
for in-situ conservation.

There is a good agreement between results from ITS se-
quence analysis and RAPD [13], although the ITS1/5.8S re-
gions do not show enough resolution potential among sev-
eral species. The ITS technique is more useful taxonomic
tool for genus Sorbus species and species delineation than
the ITS sequences.
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