Pak. J. Bot., 43(2): 759-771, 2011.

STUDIES ON ITS SEQUENCES AND SYSTEMATIC
CLASSIFICATION OF OSMANTHUS

LONGDOU LUY, HONGYING DUAN!, ZHIYUAN LU?, XINWEI LI,
ZHIQIANG DUAN!, AND XTAO SUN?

!College of Life Science, Henan Normal University, Xinxiang 453007, P. R. China
2School of Biological Science and Medical Engineering, Southeast University,
Nanjing 210096, P.R. China

*Corresponding author E-mail address: dxsheng@126.com, lld5910@yahoo.com.cn

Abstract

In this article, ITS sequences of 20 species in Osmanthus were cloned and researched. It was
found that length of ITS sequences ranged from 614bp to 619bp, in which ITS-1 is obviously longer
than ITS-2, 5.8S of 20 species is composed of 163bp, and the percentage of G+C in ITS sequence of
20 species is 54.24%-64.56%. Alignment between ITS sequences from 20 species of Osmanthus was
performed, and discovered that the similarity coefficient between 20 species is 86.1%-99.7%, the
minimum exists between O.suavi and O.attenuatus, the similarity coefficient between O.urceolatus
and O.cooperi is the maximum. Furthermore, there are 198 mutation sites and 97 information sites in
ITS sequences, respectively 31.53% and 15.45%, and the content of information sites in ITS-2 is more
than that in ITS-1. In addition, three MP trees were respectively constructed based on ITS sequences,
ITS-1 sequences and ITS-2 sequences, 20 species of Osmanthus were divided into three groups,
O.americanus belonged to the first group, O.yunnanensis and O.attenuatus were clustered one group,
and the other 17 species belonged to the third group, which is partly consistent with the viewpoint of
traditional classification about Osmanthus.

Introduction

The genus Osmanthus belongs to Oleaceae. Dicotyledonea, the species are famous
ornamentals and mainly distributed in China. At present, the classification basis of
Osmanthus was built up by Green. There are about 31 species of Osmanthus divided into
four groups, Sect.Leiolea, Sect.Osmanthus, Sect.Siphosmanthus and Sect.Linocieroides
according to the flower and inflorescences of Osmanthus (Green, 1958). However,
experiment materials used by Green were almost dried specimen, and there is little
information directly from the fresh material, thus the systematic classification of
Osmanthus from Green was doubted by many scholars. Furthermore, along with new
species of Osmanthus emerge in endlessly (Zhang, 1982; Bai, 1983; Song, 1984; Lu,
1989), identification and differentiation of some species are very difficult. Therefore, the
phenomenon of synonym and homonym in the Osmanthus usually appears, which cause
great confusion to the classification of Osmanthus. Shang (1985), Wu & Peter (1992) did
complete revision of Osmanthus, but there is still some bifurcation in naming and
classification of several species. In 2004, names of Osmanthus were identified and
coordinated by Xiang et al., and discovered that there are 31 species and 5 varieties. In
addition, there are little differences among species of Osmanthus and the same species
usually express different shape and traits when grown in different environment, which
also result in great trouble to the classification of Osmanthus (Shang et al., 2002). For
instance, it was found that the classification according to shape of pollen existed some
divergences against the traditional one (Xu et al., 2005). Other studies also indicated that
classification of Osmanthus only based on one or just few traits usually has many
problems (Ji, 2004). It is well known that DNA molecular marker could clearly reflect on
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certain differences in genome of individuals or in population. Presently, there are already
many kinds of DNA molecular markers, in which, ITS (internal transcribed spacer) is
frequently and extensively applied in systemic classification of plants.

ITS sequence is made up of ITS-1 and ITS-2, which are respectively genetic area
between ribosome 18S and 5.8S, ribosome 5.8S and 26S (Tian & Li, 2002; Wang & Liu,
2004). The nucleotide sequences in ITS sequence take on high variability, which can
provide rich information for systematic classification, and then conveniently allow people
to study genetic diversity and sibship among population or species. Recently, ITS is
generally used in studies about systematic evolution and sibship of plant population or
species (Chanderbali er al, 2001; Roalson & Friar, 2004), such as the molecular
phylogenesis and chromosome evolution of Hypochaeris Asteraceae (Cerbah et al.,
1998), the evolution relationship of Actinodaphne Lauraceae (Li et al., 2006), research on
sibship of species in Caragana Leguminosae (Hou et al, 2006) and classification of
Angelica Umbelliferae (Xue et al., 2007) and so on, which all proved that it is feasible to
study the systematic evolution and sibship of species in dicotyledon by ITS sequence.
Until now, it has not reported that ITS sequence was applied in the systematic evolution
and sibship of Osmanthus. In this article, ITS was used to study and discuss the sibship
among species of Osmanthus in order to provide more information for classification of
Osmanthus on molecule level, at the same time to supply theoretical foundation for
protection of germplasm resources, cross-breeding and exploitation of Osmanthus.

Materials and Methods

Materials: In this article, the experimental materials were fresh leaves of 20 species in
Osmanthus, which were quickly dried in silica gel and then stored at -80°C for DNA
extraction. Origin of materials and other information were clearly listed in Table 1.

DNA extraction: Total genomic DNA was isolated from leaves of Osmanthus by CTAB
(cetyltriethyl ammonium bromide) extraction procedure as described previously (Ausubel
et al., 1987) with modifications. Yield and purity of genomic DNA was estimated by
spectrophotometry at 260nm and the integrity of genomic DNA was determined by
denaturing agarose gel electrophoresis.

PCR amplification: Two pairs of PCR primers were used in this study, one pair was
designed according to terminal sequences of rDNA 18S and 26S from Olea, Fraxinus L., and
Abdiophyllum which are near to Osmanthus, ITS1: 5'-GAAC (TC) TGCGGAAGGATCAT
(TC) G-3', and ITS2: 5-CTGACCTG (GA) GGTCG C(AT) GTCG-3'. The other was the
general primer designed by White et al, (1990), ITS3: 5-GGAAGTAAAA
GTCGTAACAAGG-3', and ITS4: 5'-TCCTCCTCCGCTTATTGATATGC-3'".

PCR amplification was performed according to the following procedure: firstly
predegenerated for Smin at 95°C, then 28 cycles were carried through for Imin at 94°C,
Imin at 56°C-57°C, 2min at 72°C, respectively and finally ending with 8min at 72°C. In
addition, PCR products were separated by 1.5% agarose gel electrophoresis.

DNA sequencing: Sequencing of PCR products and clones was performed in BGI Life
Tech Co., Ltd. (Huada, Beijing, China) using the ABI373A automatic sequencer. The
terminal of all ITS sequences was confirmed according to ITS sequence of Osmanthus
fragrans (GenBank accession number is AF135190), furthermore, ITS sequences from
every species were sequenced at least three times.
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Data analysis: ITS sequences from 20 species of Osmanthus were compiled and
arranged by CLASTLX, and suitably adjusted according to gap. Afterward, ITS
sequences were analyzed with PAUP 4.0, and the Olea europaea was designated as
outgroup. The MP (Maximum Par-simony) tree was obtained by Heuristic, the boot strap
analyses (1000 replications) were performed to test the confidence of every branch in
phylogenetic tree.

Results

Length and composition of ITS sequence: The ITS sequences of Osmanthus were
obtained by PCR using ITS1/ITS2 primer or ITS3/ITS4 primer respectively, registered
into GenBank, and the GenBank accession numbers are listed in Table 1. As shown in
Table 2, the length of ITS sequences including 5.8S (163bp) range from 614bp to 619bp,
ITS-1 and ITS-2 is composed of 236bp-239bp or 214bp-217bp, respectively and ITS-1 is
obviously longer than ITS-2. In addition, the percentage of G+C in ITS sequence of 20
species is 54.24%-64.56%, and that in ITS-1 is slightly higher than in ITS-2, 54.24%-
64.98% or 53.98%-61.20%, separately (Table 2).

The Olea europaea was regarded as outgroup, its ITS sequence (including 5.8S)
consists of 611bp, ITS-1, ITS-2 and 5.8S is respectively 245bp, 206bp or 163bp, and its
GenBank accession number is AJ585193. Alignment between ITS sequences from 20
species of Osmanthus and Olea europaea is shown in Fig. 1, it was found that 5.8S
sequence among 20 species of is same and exhibits highly identical with that of Olea
europaea. To be further analyzed and discovered that the similarity coefficient among 20
species ranges from 86.1% to 99.7% (Table 3), the minimum is 86.1% and exists between
O.suavi and O. attenuatus, the similarity coefficient between O. attenuatus and O. fragrans,
O. yunnanensis and O. matsumuraanus, O. yunnanensis and O. racemosus is also very low
(87.1%). However, the similarity coefficient is the maximum between O. urceolatus and O.
cooperi (99.7%), very high between O. urceolatus and O. armatus, O. urceolatus and O.
pubipedicellatus, O. urceolatus and O. venosus, O. urceolatus and O. marginatus (99.4%),
and the same high similarity coefficient (99.4%) also appears between O. cooperi and O.
armatus, O. cooperi and O. fordii, O. cooperi and O. pubipedicellatus.

Information sites in ITS sequence: The number and percentage of information sites and
mutation sites in ITS sequence of Osmanthus are shown in Table 4, in ITS sequence
(including 5.8S) from 20 species of Osmanthus, there are 198 mutation sites (31.53%)
and 97 information sites (15.45%), in which 12 mutation sites (7.36%) and 3 information
sites (1.84%) exist in 5.8 S. Furthermore, there are 94 mutation sites (38.37%) and 47
information sites (19.18%) in ITS-1, and 92 mutation sites (41.82%) and 47 information
sites (21.36%) in ITS-2. In a word, there is a few differences in ITS-1 and ITS-2, and the
content of information in ITS-2 is high than that in ITS-1.

Otherwise, the hotspot of mutation and deletion sites was found in ITS sequence of
Osmanthus, such as, the deletion of A nucleotide in the 125th site which has great effect
on the length change of ITS-1, the mutation of G/C nucleotide in the 205th site in which
the G/C nucleotide is frequently overturned and the similar frequency of conversion in
this site was found in all of experiment samples sequenced.

Clustering analysis of ITS: In this study, the ITS sequences were firstly arranged with
CLASTLX, and then the systematic classification was analyzed by PAUA 4.0 using
Maximum Par-simony, three MP phylogenetic trees were constructed based on ITS
sequence, ITS-1 sequence and ITS-2 sequence from 20 species of Osmanthus,
respectively (Figs. 2-4).
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Table 2. Length and G+C content of ITS-1, ITS-2 and ITS.

. ITS-1 ITS-2 ITS (including 5.8 S)
Species Length | G+C (%) | Length | G+C (%) | Length | G+C (%)
O. americanus 239 64.02 217 63.13 619 61.07
O. serrulatus 237 57.38 217 56.68 617 55.92
O. reticulatus 237 56.54 216 58.33 616 56.17
O. pubipedicellatus 236 56.36 217 56.68 616 55.52
O. venosus 236 57.20 217 56.68 616 56.01
O. fragrans 236 56.78 217 55.76 616 55.19
O. attenuatus 237 64.56 216 63.43 616 61.20
O. marginatus 236 56.78 217 55.76 616 55.36
O. fordii 237 56.54 217 55.76 617 55.27
O. henryi 237 57.81 217 55.30 617 55.27
O. yunnanensis 237 63.71 214 61.21 614 60.10
O. delavayi 236 54.24 216 54.63 615 53.98
O. matsumuraanus 237 57.38 217 58.99 617 56.89
O. armatus 236 57.20 217 55.76 616 55.52
O. % fortunei 237 56.54 217 57.60 617 55.92
O. heterophyllus 237 57.38 216 55.09 616 55.36
O. cooperi 236 56.78 217 56.22 616 55.52
O. urceolatus 236 57.20 217 56.68 616 55.84
O. racemosus 237 56.96 217 58.06 617 55.56
O. suavis 236 55.51 216 55.56 615 54.80

Table 4. Number and percentage of variable site and informative site in ITS of Osmanthus.

ITS-1 ITS-2 588 ITS (including 5.8 S)
Number % Number % No. % Number %
Variable site 94 38.38 92 4182 12 7.36 198 31.53
Informative site 47 19.18 47 21.36 3 1.84 97 15.45

As shown in Fig. 2, Fig. 3 and Fig. 4, the topologic structure of three MP trees are
nearly same, especially the MP trees based on ITS sequences (including 5.8S) and ITS-1
sequences are much more similar in the topologic structure of MP tree, and even the
branch in MP tree is not obvious, the similarity might reflect on the coevulation
relationship between ITS-1 and ITS-2 sequences in some degree. Furthermore, although
the content of information in ITS-1 and ITS-2 of 20 species differs, 5.8S provides some
information sites, too. Therefore, the clustering results according to ITS sequences would
completely exhibit the sibship and systematic classification among species of Osmanthus.
As shown in Fig. 4, these 20 species of Osmanthus were divided into three groups, O.
americanus belonged to the first group, O. yunnanensis and O. attenuatus were clustered
one group, the other 17 species were clustered to the third group.
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ACGATGCGACGCACAACTAACCAT GT——CCCGCGTOGGAGACCCTCTCCGTCGATGTGCGCGC—A
CEATGCRAGCACAACTAACCAT GT-—CCCGCGTORCAGACCCTCTCCGT CRATGTGOGES
ACGATGORAGCACAACTAACCAT GT-—CCCACATCGCAGACCCTCTCCGTCGATGTGOGCGE
TCGAAACCTGCAAAACAGACCCGCGAACACGTT-—ACAACACGCA-GEGAGGACGATGCGAGCACAACTAACCATGTTGT-—COCGLGTOGGAGACCCTCTCCGTCGATGTGCGCGT:
TCGALACCTGCAAAACAGACCCCOGAACACGTT —ACAACACGCA-GOLAGCACGATGCGAGCACAACTAACCAT GT-—CCCGLGTOGGAGACCCTCTCCGTCGATGTGCGCGT
TCGALACCTGCAAAACAS A CGATGOGAGCACAACTAACCATATICT-—COCGCGTORGAGACCCTCTCOGTCGATETGOGC!
TCCALACCTGCAAAACAGACCCCOGAACACGTT: A GCGAGCACAACTAACCAT GT-—CCCGCGTOGGAGACCCTCTCCGTCGATGTGCGCGT:
TCCALACCTGCAAAACAGACCCOCGAACACGTT —ACAACACGCA-GOGAGEACGATGOGEECACAACTAACCATGTT T —COCGOGTORCAGACCCTCTCCGTCGATET CCGEGE —:
TCGALACCTGCAAAACAGACCCOCGAACACGTT —ACAACACGCA-AGGAGCACGATGCGCCCACAACTAACCAT GT-—CCCGLGTOGGAGACCCTCTCCGTCGATGTGCGCGC—6
ACGAS

GOGCECACAACTAACCAT
TCCALACCTGCAAAACAGACCCCOGAACACGTT: GOGCECACAACTAACCAT
TCGALACCTGCAAAACAGACCCOCGAACACGTT —ACAACACACA-GOGAG GATGOGGECACAACTAACCATGT

GT——CCCGCGTICGAGACCCTCTCCGTCGATGTGOGLL
GT-—CCCGCGTOGGAGACCCTCTCCGTCGATGTGCGCGT:
GT-—CCCGCGTOGGAGATCCTCTCCGTCGATGTGCGCGE

TCCALACCTGCAAAACAGACCCOCGAACACGTT —GTAACTCALA - GOGAGCACGATGCGCECACAACTAACCAT GT-—CCCGLGTOGGAGACCCTCTCCGTCGATGTGCGCGE—A
TCCALACCTGCAAAACAGACCCLOGAACACGTT . Ci GTGCCCACAACTAACCAT GT-—CCCACGTOGGAGACCCTCTCCGTCGATGTGTGLL
TCCALACCTGCAAAGCAGACCCCUGAACACGTT: A GOGCEOGCAACTAACCAT GT-—CCCACGTOGGAGACCCTCACCATCGATGTGCGCAT:
TCGAAACCTGCAAAACAGACCCECGANCACGTT—CTAACTCTA-GGGAGGACGACGCEEECGCAACTAACCACGTTGT—CCCACGTCRRAGACCCRATCCGTCGATETGCGE A
TCCALACCTGCAAAACAGACCCCOGAACACCTT —ATAACTCRCA-GERAGRACGACGCREECGCAACTAACCAD GT-—CCCACGTCOCAGACCTGATCCGTCGATGTGOGC —A

TCGALACCTGCAAAACAGACCCOOGAACACGTT-—CCAACTCCCA-GERAGCAAGGUACGAGCACGGC TAACCACGTCGT-—COCGOGOGCAGACCCGCTCCGTOGACGOGOGOGE—A
TCGAAACCTGCAAAACAGACCCCCGAACACGTT—CCAAATCCCG—GEEAGCAAGGOGCGAGCACGGC TAACCACGTCGT—COCGLGOCGCAGACCCGCTCCGTCGATGOGTGOGE —A
TCGALACC TG AAAGCAGACCOCOGAACACCTT-—ATAACTCACA-GEEAGEACGGOGCGEACGCAACCCACCACGTTCTCTCCCGOGTCORGAGACCCGCTCCGTCGATCOGOGC T
TCGALACCTGCGAGGCAGACCCCOGAACCOCTTCAACGACACGLGOGEEAGEACGACGCGCEACGCGACCCAA-GEGTC GO —COCGAGCCGEAGACCCGCTCCGTCGACGOGOGCGITIC
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AGCGCCOGTOET-CoGC T TAACGAACCCOGrCrCCARAACCET L AAGGAATACTTAAAACATTGC T TGO CCCTCGATGCCCCETICGC GE TECGCAC-TIGGECAACAGECATTIGTICGA
AGCGCCOGTOET-CGGCTTAACGAACCCOGGCGCGARAAGCGT CAAGL
AGCGCCOGTOET-CGGCTTAACGAACCCOGGCGCGAAAAGCGTCAAL

ATACTTAAAACATTGC
ATACTTAAAACATTGC

GCCCCTCG: CCCCGTTOGCGETGCGCAC-TTGGGGAACAGGCATTTGTCGA
GCCCCTCGATGCCCCGTTOGCGETGCGCAC-TTGGCCAACAGGCATTIGTCGA

AGCGCCCGTOGT-CEGC T TAACGAACCCOGECaC G ARAACCCTCAAGCAATACTTAAAACATTGC T TGO CCCTCGATGCCCCETICGCGETEOGCAC-TIGGECAACAGGCATTIGTCGA
AGCTCCOCGTOGT-CEGC T TAACGAACCCOGECaC G ARAACCETCAAGCAATACTTAAAACATTGC T TGO CCCTCGATGCCCCETICGCGETEOGCAC-TIGGECAACAGECATTIGTCGA
AGCTCCOGTCOGT-CoGC T TAACGAACCTOGREORCGARAAGTETCAAGGAATACTTAAAACATTGT CCCCETTICRCGETGCOCAC TTGEGEAACAGERCATTIGICCA
AGCGCCOGTOGTACG G T TAACGAACCCOGEORCGARAAGTETCAAGGAATACTTAAAACATTGT CCCCETIOGCGETOTOCAC- TTIGECGAACAGECATTAGT

AGCGCCOGTOETACGGCTTAACGAACCCOGGCGCGAMAAGCETCAAL ATACCTAAAACATTGC CCCCETTOGCGETCTGCAC-TTGGGGAACAGECATT
AGCGCCOGTC-TTCGGCTTAACGAACCCOGGCECGAMAAGCETCAAGGAATACTTAAAACATTGCTTGCCCCTCGATGLCCCETTOGIGETCTGCAC-TTECCGAACAGECATTIGTCGA
AGCGCCCGTOGETACG G T TAACGAACCCOGECaCCARAACCETCAAGCAATACTTAAAACATTGC T TGO CCCTCGATGCCCCETICGCGETETGCAC-TIGGECAACAGECATTIGTCGA
AGCGCCCGTOGTACGGC T TAACGAACCCOGEOECCARAAGTETCAGGGAATACCTAARACATT CCCCETTOGCCETETGCAC-TTGEGGAACAGELATTIGTCCA
AGCGCCOGTCGETACGGCT TAACGAACCCOGGCECEAMMAGCETCAAGGAATACCTAAAACATTGC CCCCETTCRCGETCTGCAC-TTGEGCAACAGGCATTIGTCGA
AGCGCOOGTOGTACGGC T TAACGAACCCOGEORCGARAAGCETCAAGGAATACTTGARACATTGT CCCCETTICRCGETOTRCACCTREGEANCAGECATT
TGCGCCCATCGA-CGGCTTAACCAACCCOGECECGAMAAGCETCAAL ATACTTAAAACATTGCTTGCCCCTCGATGCCCCETTOGLGETCTGCAC-TTECGCACCAAGCATGTGTCGA
TGCGCCCATCGA-CGGCTTAACGAACCCOGECECGAMAAGCGTCAAGGAATACTTAAAACATTGCTTGCCCCTCGATGCCCCGTTOGCGETGTGCAC-TTGGCCACCAAGCATGTGTCGA
CCTGCCCATCETACGGC T TAACE AN CCGG Gl CAMAAGCETCAAGGAATACTCAATACATTGCTIGCCCCTCGATGOCCCETCOGCCETETOCAA-TTGEGEACCAGELATGIGTCCA
CETGCCCATCETACGG T TAACEAACCCCGG G AMAAGCETCAAGGAATACTCAAAACATTGCTIGCCCCTCGATGOCCCETCOGCCETETOCAA-TTGEGGACCAGELATGTIGTC A
AGCGGTOGTCETGCGGCTCAACCAACCCOGRCECCAMMAGCETCAAGGAATACTCAAAACATCGCTCGCCCCTCRATGCCCCETICGC R TETGCAC-TIGGECACCOEECETGIGTCGA
AGCGCCOGTOGTACG G TCAACGAACCCOGECECCARAACCETCAAGGAACACTC AMAACCTTRC TCGECCCTCGATGCCCCETICGCGETETGCAC-TORRECATCGRECGCGCGTCRA
CACGCCCGTCGTACGGCCCAACGAACCCOGECECGAMAAGCGTCAAGGAATACTCAAAACATTGCCCGLCCCTCGATGCCCCGTCOGCGECGCGCAC-TTGECCACCGEGCETGTGTCGA
CGCGCCOGTOGCACGGLCOCAACGAACCCOGECECEAMAAGCGTCAAGGAACACTCAAGGCETCGCTCGLCCCTCGGTGCCCCGTTOGCGETCEGCACCTCGGEEACAGGGCCTGCATCGA
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AT TAMARCGACTCTCGGCAACGGATATCTTGGCTCTCGCAT COATGAAGAACGCOGCAARATGOGATACT TGGTGTGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AAAACGACTCTCGGCAACGGATATCT TGGCTCTCGCATCOATCAAGAACGCAGCARAATGOGATACT TGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCAAGT
AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCATCOATGAAGAACGCAGCAAAATGCGATACT TGGTGTGAATTGCAGAATCCOGTGANCCATCGAGTTTTTGAACGCAAGT
AAAACGACTCTCGGCAACGGATATCT TGGCTCTCGCATCOATCAAGAACGCAGCARAATGOGATACT TGGTGTGAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCAAGT
AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCATCOATGAAGAACGCAGCAAAATGCGATACT TGGTGTGAATTGCAGAATCCOGTGANCCATCGAGTTTTTGAACGCAAGT
AT TAMARCGACTCTCGGCAACGGATATCTTGGCTCTCGCAT COATGAAGAACGCAGCAARATGOGATACT TGGTGTGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCoGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAAAATGOGATACT TGE TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT TCARAACGACTCTCGGCAACGGATATCTTGGLTCTCGCAT COATGAAGAACGCAGCARAATGTGATACT GG TG TAAATTGCAGAATCCCGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCoGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAARATGTGATACT TGE TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAAAATGOGATACT TGGTGTGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCoGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAARATGOGATACT GG TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T TAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAARATGOGATACT TGE TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT TAMARCGACTCTCGGCAACGGATATCTTGGCTCTCGCAT COATGAAGAACGCAGCAARATGOGATACT TGGTGTGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCoGCAACGGATATCTTGGGTCTCGCAT CoATGAAGAACGCAGCAARATGOGATACT TGE TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAAAATGOGATACT TGGTGTGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCoGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAARATGOGATACT GG TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCGGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAAAATGOGATACT TGGTGTGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAATGACTCTCoGCAACGGATATCTTGGC TCTCGCAT CoATGAAGAACGCAGCAARATGOGATACT GG TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCoGCAACGGATATCTTGGCTCTCGCAT CoATGAAGAACGCAGCAAAATGOGATACT TGE TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT T AAAACGACTCTCGGCAACGGATATCTTGGC TCTCGCAT CoATGAAGAACGCAGCAARATGOGATACT GG TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
AT CAAACGACTCTCOGCAACGGATATCTCGGCTCTCGCAT CoATGAAGAACGCAGCAARATGOGATACT GG TG TGAATTGCAGAATCCOGTGAACCATCGAGTTTTTGAACGCAAGT
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O.venosus TGCGCCCGAAGCCATTATGCTGAGGGCACGTCTGCCTGGECETCACGCATATCCTCGOCCTCCACCTCCOCOFTAATGOGATCECAGGTGT TEGETTGEATATTCCCCTCCCETECGCAT
O.urceolatus TGCGCCCGAAGCCAT TATGCIGAGGGCACGTCTGCCTGGGCGTCACGCA TATCET CGCCCTCCACCTCOCCOETAATGGGATCGCAGGTGTTECRTTGGATATTGECCTCCCETRCGCAT
O pubipedicellatus TGCGCCCGAAGCCATTATGCTGAGGGCACGTCTGCCTGGECETCACGCA TATCGTCGICCCCCACCTCCCCORTAATGOGATCECAGGTGTTEGETTGEATATTGECCTCCCGTECGCAT
O.armatus TGCGCCCGAAGCCAT TATGCIGAGGGCACGTCTGCCTGGGCGTCACGCA TATCET CGCCCTCCACCTCOCCCETAATGGGATCRCGEETGTTECRTTGGATATTGECCTCCCCTACGCAT
O.cooperi TGCGCCCGAAGCCATTATGCTGAGGGCACGTCTGCCTGGECETCACGCA TATCCTCGICCTCCACCTCCCCOGTAATGOGATCECAGGTGTTEGETTGEATATTGECCTCCCETECGCAT
O marginans TGCGCCCGAAGCCAT TATGCIGAGGGCACGTCTGCCTGGGCGTCACGCA TATCET CGCCCTCCACCTCOCCCETAATGGGATCECAGGTGTTEERTTGGACATTGECCTCCCCTRCGCAT
O fordii TGCGCCCGAAGCCATTATGCIGAGGGCACGTCTGCCTGGECGTCACGCATATCGTCGICCTCCACCTCCCCOGTAATGGGATCRCAGGTGTTEGETTGEATATTGECCTCCCETRCGCAT
O henryi TGCGCCCGAAGCCATTATGCTGAGGGCACGTCAGCCTGGECETCACGCA TATCCTCGOCCTCCACCTCCOCOFTAATGOGATCECAGGTGT TECETTGEATATTCCCCTCCCETRCGCAT
O fragrans TGCGCCCGAAGCCATTATGCTGAGGGCACGTCTGCCTGGECETCACGCA TATCCTCGOCCTCCACCTCCCCAGTAATGOGATCECAGGTGTTEGETTGEATATTCECCTCCCGTECGAT
O.reficulanis TGCGCCCGAAGCCATTATGCTGAGGGCACGTCTGCCTGGECETCACGCA TATCCTCGICCTCCACCTCCCCOGTACTGOGATCECAGGTGTTEGETTGEATATTGECCTCCCETECGCAT
O heterophylius TGCGCCCGAAGCCAT TATGCIGAGGGCACGTCTGCCTGGGCGTCACGCA TATCET CGCCCTCCACCTCOCCOETAATGGGATCGCAGGTGTTECRTTGGATATTGECCTCCCETRCGCAT
O fortunei TGCGCCCGANGCCATTATGCIGAGGGCACGTCTGCCTGGECGTCACGCATATCGTCGOCCTCCACCTCCCCOGTAATGGGATCECAGGAGT TEGETTGEACATTGECCTCCCETRCGCAT
O serrulatus TGCGCCCGAAGCCAT TATGCIGAGGGCACGTCTGCCTGGGCGTCACGCA TATCHTCGCCCTCCACCTCOCCOGTAATGGGATCRCGEETGTTECRTTGGATATTGECCTCCCCTRCGCAT
O.delavayi TGCGCCCGAAGCCATTATGCTGAGGGCACGTCTGCCTGGECGTCACGCA TATCGTCGCCCTCCACCTCCCCOGTAATGOANTCATAGGTGT TEGETTGEATATTCECCTCCCETRCGCAT
O.suavis TGCGCCCGTAGCCAT TATGCIGAGGGCACGTCTGCCTGGGCGTCACGCA TATCHTCGCCCTCCACCTCOCCCETAATGGANTCETAGGTGTTECRTTGGATATTGECCTCCCCTRCGCAT
O.matsumuranus TGCGCCCGAAGCCATTATGCCGAGGGCACGTCTGCCTGGECETCACGCA TAGCCTCGCCCTCCACCTCCCCCTTCETGOAATCETAGGTGT TEGECTGEATATTGECCTCCCETECGEAT
O racemssus TGCGCCCGCAGCCATTATGCCGAGGGCACGTCTGCCTGGGCGTCACGCA TAGCGTCGCCCTCCACCTCCCCCTTCOTGGAATCETAGGTGT TRGECTGGATATTGECCTCCCGTRCGGAT
O yunanensis TGCGCCCGAAGCCGT TATGCCGAGGGCACGTCTGCCTGGGCGTCACGCACACCETCTCCC-COACTTCCTCC-TAACGGAGTCECGEETGTTECRATGRACATTGLCCTCCCCTRAGCTC
O.attenuatus TGCGCCCGAAGCCGT TATGCTGAGGGCACGTCTGCCTGGGCGTCACGCACAACGTCTCCCTCCACCTCCTTC-COATGGAATCRAGGGT GTCRGRACGGACATTGECCTCCCETGAGCTC
O.americanus TGCGCCCGAAGCCAT TACGCCGAGGGCACGTCTGCCTGRGCGTCACGCACAGCETCGCCCTCCACCTCOCCCTTAACGGGETCRCGEETGTTEERCTGEATACTGLCCTCCCCTRCGGAT
Olea TGCGCCCGAGGLCATCGTGCCGAGGGLACGTCTGCCTGGGCGTCACGCACATCGTCGCCCTCCGCCCCCGAT-TAA——GGATCOCGGGCGCCGEOCCEGAAACTGOCCTCCCCTGCGCGT
B R e S e S Y e ]

O.venosus TCGTGTECGECTGGCCCAMATETGATTCGGCATCGACGTATGTCACG: TTGAAGATCTCAACTTGCGAGTTGTC ACGACTACGTCGTTCTGOCGERATCTE T
Ourceolatus TCGTETGCGECTGGCCCAAATOTGATTCGGCATCGACG TATGTCACGACAATTGO TG T TCAAGACCTCAACTTGCGTOTTGTCGTGCACGACTACGTCCTTCTGCCAGGATCTE G
O pubipedicellanis TCGTOTGCGECTGGCCCARATOTGAT TCGGCATCGACGTATGTCACGACAATTGGOTGG T TEAAGACCTCAACTTGCGTGTTGTCGTGCATGACTACGTCGTTCTGCCAGGATCTGTT——6
C.armanis TOETG TG e T GG AAATETGA T TC GG AT CoATG TAT CTCACGACAATTGETOG T TCAAGACCTCAACTTGCGTCTTETCOTGCATCACTACGTCGTTCTGOCAGRATCTGTI—F
O.coopert TOETG T e T C G L AAATETGA T TCGGCATCoACG TAT CTCACGACAATTGGETOG T TCAAGACCTCAACTTGCGTCTTETCOTGCATCACTACGTCGTTCTGOCAGRATCTETI—F
O marginatus TCGCETECGECTEGCCCAAATETGATTCGGCATCGACGTATCTCACGACAATTGETGG T TEAAGACCTCAACTTGCGTCTTETCGCGCATCACTGCGTCCTTCTGOCAGRATCTGTT——5
O fordii TCETETGCGECTEGTCCAAATETGAT TCGGCATCGACGTATCTCACGACAATTGETGG T TEAAGACCTCAACTTGCGTCTTETCGTGCATCACTACGTCCTTCTGCCAGRATCTGTT——5
O heniyi TOGTGTACGECT GG CARATCTGAT TCGGCATCGACG TATCTCACGACAATTCETGETTCAAGS ATGACTACGTCGTTCTGOCAGGATCTE G
O fragrans TOGTE TGl e TG CAAA T TGA T TCCGCATCGACG TATCTCACGACAAT TGO TG TTCAAGACCTCAACTTGCGTCTTETCGTGCATGACTACGTCCTTC TG OCAGEATGTE G
O.reficulatus TCGCGTELGECTGGCCCAMATETGATTCGGCATCGACG TATGE—GGGACAATAGG TEGTTGAAGGCCTCAACTTH ATGACTACGTCGTTCTGOCAGGATGTE! &
O.heterophyllus TCGTG T e TGO A TETGATTCGGCATCGACG TATGTCACGACAATTGE TG T TCAAGACCTCAACT TGOS TETTETCGTGCACCACTACGTCATTCTGC-AGRATCTETI——F
Q forfunei TCGCGTGCGGCTGCGCCCARATETGATTCGGCATCGACGTATGTCACGACAATTGG TG TTCAAGACCTCAACTTGCGTGTTGTCGTGCATGACTGCGTCGTTCTGCCAGGATCTGTT——6
O.serrulanis TOGCE Tl e TE G CAAATETGA T TCCGCATCRACG TETCLCACGATAAT TGO TG T TCAAGACCTCAACTTGCGTCTTETCGTGCATCACTACGTCCTTCTGOCAGEATCTE G
O.delavayi TGO Tl e T e CAAATETGAT TCGGCATCRACG TATCTCACGACAAT TGO TOG T TCAAGACCTCAACTTGCATCTTETCGTGCAGCACTACGTCGTTCTGCCAGRATCTGTI 6
O.suavis TOGCG TG R0 T GO AAATCT AT T CGCATCGACG TATCTCACGACAATTGATGG T TRAAGACC TCAACTTGCGTCTTETCG TG ARAACCACGTCGTTITECCAGEATCTGCC—F
O.maisumuranus TCGCGTGCGECTCGCCCAAATETCAT TCCGCATCGACG TR TCTCACGACAATT GO TGG T TRAAGACC TCAACTTGCGCCTTETCG TOCAGAACAGCGTAGTTTCOCOGEEATCTACC—F

GTTTCGCCGGEATOTA’
ACGAGCACGTCGTCACGTC-GGATITGTC—6

@

O racemssus GGCTGGCCCARATGTCATTCGGCATCGACGTGTGTCACG: TTGAAGACCTCAACTTGCGCGTTGTC
O yunanensis CCGCGTGLGECTGGCCCAAACGTGATTCAACGTCGACG TGCATCGCGACAATTGGOTGG T TCAAGACCTCAACTGGCGCGTTETCGT

O.attenuatus TCGCACGLGECTEGrCCARACETGATTCGACETCRACG TR CTOGCGACCATTGE TG TTGAAGT CCTCAACTGOCGCGTTETCOCGCACCAGCACGTCGTTACGTC-GRATCTETC 6
O.americanus TCGCG oL GECTC GO AAATECGATTCGGCATCGACG TR TGTCACGACAATTGE TG TTCAAGACCTCAACTCGCGC T TECCGTRCARAACCACGTCETTTTGOCAGRATCTELC—F
Qlea CCGCGCGCGGCCGGCCCARATECGATTCOGCGTCGACGOGAGTCGCGGLAATTGETGGTTCAGGACCTCAACTCGCGCGTTETCGCGCACGACCGCGTCOTTCGGCCGGEATGCCCCCGE

ok Ebdk kb EERRE b RERE F hbkE § I I I #
O venosus ACCCCGAGAG-TGCCTCGCACTTCGACA

O.urceolatus TCGCACTTCGACA

O pubipedicelian TCGCACTTCGACA
O.armanis ACCCCGAGAG-TGCCTCGCACTTCGACA
O.cooper ACCCCGAGAG-TGCCTCGCACTTCGACA
O marginarus CACTTCGACA
O fovdii CACTTCGACA
Oheniyi CACTTCGACA
O fragrans ACCCCGAGAG-TGCCTOGCACTTCGACA
O reticulatus ACCCCGAGAG-TGCCTCGCACTTCGACA
O haterophylius ACCCTGAAAG-TGCCTCGCACTTCGACA
O fornmei ACCCCGAGAG-TGOCTCGCACTTCGACA
O.serrulanis ACCTCGATAG-TGCCTCGCACTTCGACA
O.delavayi ACCCCGAAAG-TGT-TCGCACTTCGACA
O.suavis ACCCCGAAAG-TGT-TCGCACTTCGACT
el rans ACCCCGAAGG-TGCCACGCACTTCGACT
O racemssus ACCCCGAAGG-TGCCACGCACTTCGACA
O yunanensis ACCCCGAAGE-TGCTTGGCACCTCGACA
a ACCCCGEACGCTECTTCGCACCTOGACT
O.americanus ACCCCGAAGG-TGCTGCGCACTTCGACA
Olea ACCCCG—————mm— —

ok ®

Fig. 1. Alignment between ITS sequences from 20 species of Osmanthus and Olea europaea.
The asterisk (*) indicates the same base, horizontal line (-) represents gap, and the ITS-1 sequence and
ITS-2 sequence located respectively front and back of 5.8 S sequence which was shown gray color.
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O.marginatus
O.armatus
O.pubipedicetlatus
O.vernosis
O.urceolatus
O.fordii

O. heterophyilus
O. fortunei
O.henryi
O.reticulatus
O.fragrans
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O.detavayi
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O.americanus
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Fig. 2. The MP tree based on ITS-1 sequences from 20 species of Osmanthus.
The tree length =144 steps, consistency index (CI) = 0.7639, retention index (R/) = 0.7571, and the

out group was Olea europaea.
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Fig. 3. The MP tree based on ITS-2 sequences for 20 species of Osmanthus.
The tree length =151 steps, consistency index (CI) = 0.7748, retention index (R/) = 0.7531, and the

outgroup was Olea europaea.
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Fig. 4. The MP tree based on ITS sequences from 20 species of Osmanthus.

The ITS sequence was composed of ITS-1, ITS-2 and 5.8 S, respectively, tree length =219 steps,
consistency index (CI) = 0.7586, retention index (RI) = 0.7298, and the outgroup was Olea
europaea.

Discussions

ITS sequences of Osmanthus: The length of ITS-1 and ITS-2 is highly conserved, and
quite same in one population. It was discovered, ITS-1 sequences of Angiosperm range
generally from 187bp to 298bp, ITS-2 sequence is 187bp-252bp, and the length of 5.8S
hardly changes, 163 or 164bp (Baldwin ef al., 1995). In this research, 5.8S from 20
species of Osmanthus is composed of 163bp, ITS-1 and ITS-2 is composed of 236bp-
239bp or 214bp-217bp, respectively and the length of ITS sequences range from 614bp to
619bp, which is consistent with the other studies, and also indicates that Osmanthus is the
natural taxon in the molecular level. Furthermore, the length of ITS-1, ITS-2 and ITS
from O. americanus in America is 239bp, 217bp, 619bp, respectively and these three
sequences are the longest than those from other species of Osmanthus, which shows that
the species in America has many differences from that in Asia. In addition, total content
of G+C in ITS sequence of Angiosperm varies greatly from 50% in some groups to 75%
in paddy rice (Nickrent & Starr, 1994). In this research, the content of G+C in ITS
sequence is 53.98%-61.20%, that in O.delavayi is the lowest, the highest appears in O.
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attenuatus or O. americanus. Therefore, the great difference of G+C content among
species of Osmanthus indicates that it is feasible to analyze systematic classification of
plants by ITS sequence.

Usually, ITS sequence has high variability and could supply rich systematic
information. The divergence value of ITS sequences in majority of Angiosperm is
1.2%~10.2% among species, and 9.6%-28.8% among genus, which is appropriate to the
study of systematic classification (Baldwin et al., 1995). Moreover, it was found that
higher mutation and percentage of information sites in ITS sequence would well support
the system reconstruction in population when used to study the relationship among genus
or species (Baum et al., 1998; Schwarzbach & Ricklefs, 2000). In this research, in ITS
sequence (including 5.8S) of Osmanthus, there are 198 mutation sites, 97 information
sites, the percentage is respectively 31.53% and 15.45% and the content of information in
ITS-2 is more than in ITS-1. Furthermore, the mutation and deletion sites are discovered
in ITS sequence of Osmanthus, which have not been reported in other plants until now,
but the insertion or deletion of nucleotide in ITS sequence might make analysis of
systematic classification more complicated (Donoghue & Baldwin, 1993).

Systematic classification of Osmanthus: 1t was found in large number of studies that
ITS sequence takes on higher variation speed, can provide rich information sites and
especially is suitable for study on systematic classification of plant among species (Baum
et al., 1998; Stanford et al., 2000), for example, ITS sequence had an important effect on
research about relationship of species in Rhododendron, Metagentiana (Excoffier, 1993).
In this research, the clustering result based on ITS sequences is partly consistent with the
viewpoint of traditional taxonomy, for example, O. matsumuraanus and O. racemosus in
Sect. Spiraea were clustered in the same branch, O.delavayi and O. suavis which both
belong to Sect. Siphosmanthus were clustered together, O. heterophyllus and O. fortunei
in Sect. Osmanthus also show very near sibship. However, O. americanus in Sect.
Spiraea was clustered alone, indicating there is obvious difference in the genetic
composition between O.americanus and Osmanthus distributed in China. O. marginatus
in Sect. Spiraea and O. cooperi in Sect. Osmanthus were clustered together and 14
species in Sect. Osmanthus were not clustered the close branch completely, which is
inconsistent with the viewpoint of traditional taxonomy. In addition, the sibship among
some species of Osmanthus was not supported by this research, such as, O. marginatus
and O.matsumuraanus, O. racemosus, O. yunnanensis and O. fragrans, O. serrulatus, O.
fortunei and O. fragrans, O. heterophyllus, O. reticulatus and O. serrulatus, O. cooperi
and O. fragrans and so on (Green, 1958).

In brief, the clustering result based on ITS sequences of Osmanthus is partially
different from the viewpoint of traditional taxonomy, however supports in other aspects,
which indicates that the evolution in plant morphology and molecular level are perhaps
not synchronous. Otherwise, although the classical viewpoint of Osmanthus from Green
(1958) is widely accepted in the present time, but it was based on the dried herbarium,
therefore, the classification method needs further be confirmed by technology of
molecular biology and molecular evidence. In view of the fact that there is a few studies
in sibship and systematic classification of Osmanthus on the molecular level, and even
has been hardly reported through the world, accordingly, the results in this research with
differences from the traditional classification need further be validated.
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