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Identifying Osmanthus fragrans cultivars in
Guilin City and evaluating their genetic
relationships by RAPD markers
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Abstract; Random amplified polymorphic DNA (RAPD) markers were applied to analyze 23 Osmanthus fra-

grans cultivars in Guilin City. Among the total 193 fragments generated by 20 selected primers(among 100

primers) ,114 appeared to be polymorphic(59. 1%). Cluster analysis based on the RAPD results was per-

formed and dendrogram was constructed. These cultivars tested by RAPD were divided into 4 cultivar groups.

The result was consistent with that {rom traditional taxonomy analysis., The RAPD study illustrated that it is

possible to analyze intra-cultivar variation of O. fragrans cultivars on the basis of genotype rather than pheno-

type and therefore, offered significant evidences in solving taxonomic problem of O. fragrans cultivars in Guil-

in City.
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Osmanthus fragrans originated from China
and belonged to Osmanthus. As one of ten tradi-
tional famous flowers in China,O. fragrans is well
known because of its sweet smell (Liu er al.,
2000), It is widely cultured in middle and northern

semitropical areas, Guilin City is rich in O, fra-
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grans(Yang etal. ,2000). However,there is insuf-
ficient study on abundant resources of O. fragrans
cultivars in Guilin City, In China,Q. fragrans had
been studied since 1940s(Huang et al. ,1949) and
played an important role in flower culture, In the

past, classical approaches for the identification to
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O. fragrans cultivars were based on morphological
and physiological traits. Most morphological traits
are easily affected by environmental factors. So it
is difficult to assess these traits and their evalua-
tion can be subjective considering that most of
these cultivars are related (Liu, 2000; Obara-Okeyo
etal. ,1998).

In 1995.the use of isozyme analysis to identify
O. fragrans cultivars in Henan Province was re-
ported( Chen et al., 199%). But the ability of
isozymes to identify cultivars was limited due to
Jack of sufficient polymorphism. Recently, the ran-
dom amplified polymorphic DNA technique(Welsh
et al. ,1990; Williams et a/.,1990) based on the
polymerase chain reaction (PCR) has been widely
used for cultivar identification. The basis of genet-
ic variability is sequence variation. RAPD are mo-
lecular markers that samples and reveals sequence
variation by differential amplification of DNA frag-
ments{Zhu et al.,1999), There was only one re-
port on RAPD analysis in O. fragrans collected
from Wuhan City(Zhao et «l. ,1999), which illus-
trated that genetic diversity between O. fragrans
cultivars could be measured as RAPD markers di-
versity. Our objective was to analyze genetic rela-
tionships among O. fragrans cultivars by RAPD
technique and classify these cultivars based on
RAPD markers. The study of genetic diversity a-
mong cultivars will be of significance in germplasm

protection and conservation,

1 Materials and methods

1. 1 Plant materials

23 O. fragrans cultivars were all collected
from Heishan Botanical Garden in Guilin City of
Guangxi Province. Leaves cf these cultivars were
dried by Silica gel and put in refrigerator. These
cultivars were; (1) O. fragrans‘ Yuanban Jingui’;
(2) 0. fragrans ‘ Taoye Jingui’; (3) O. fragrans
‘Xiangjingui'; (4) O. fragrans  Jinlian'; (5) O.
fragrans*Zi’ e’ (6) O. fragrans * Mantianxing’;
(7) O. fragrans * Nongchaoer’; (8) O. fragrans

‘Qingyun’; (9 O. fragrans' Y aotiaoshunii’ ; (10)
O. fragrans ‘ DayeYingui 7o (1D O. fragrans “ Xi-
aoye Yingui’; (12) O. fragrans® Ruichi Yingui’;
(13) O. fragrans ‘Zi Yingui’; (14) O. fragrans
‘Ruichi Ziyingui’; (15)0. fragrans‘ Taoye Ziyin-
gui’;(16) 0. fragrans ‘ Xiaoye Ziyingui’; (17) O.
fragrans* Meixin”; (18) O. fragrans‘ Nanxi Dan-
gui’ $(19) 0. fragrans ‘ Guifeihong’; (20)0. fra-
grans‘ Zidangui”; (21) O. fragrans' Danxin’; (22)
O. fragrans ‘ Sijigui'; (23) O. fragrans® Yueyue-
gui’.
1.2 DNA extraction

DNA was extracted from 0.5 g of cold and dry
leaf. Leaf tissue was ground to a fine powder in
liquid nitrogen,and then placed in a 10 mL eppen-
dorf tube. 3 mL 2 X CTAB extraction buffer pre-
heated was added to the tube, mixed gently by in-
version and incubate at 65 °C in a hot water-bath
for 30 min. Then 1 mL(1/3 volume)KAc was add-
ed and the eppendorf tube was cooled immediately
in ice water for 20 min. An equal volume of 24
chloroform:1 isoamyl alcohol (v/v) was used for
extraction for 10 min with gentlly but thoroughly
mixing and the phases were seprated by centrifuga-
tion at 8 000 r/min for 15 min at a room tempera-
ture, Collected the upper water and repeated the
Cl extraction at 4 “C. Then transfered the upper a-
queous layer to a new 10 mL tube with a wide-bore
pipette tip. An 2/3 volume of cold isopropanal was
added and mixed properly to precipitate the DNA.
Centrifuge at 10 000 r/min for 10 min. Discarded
the supernatant, washed the pellet with 1ml 75%
ethanol twice. Dried the pellet and dissolved in 200
pL TE. The DNA was stored at -20 C.
1.3 RAPD analysis

Random primers, Taq DNA polymerase,dNTP
were all bought from Sheng Gong Company of
Shanghai. the rcaction mixture consisted of 1 X
buffer,2. 25 mM MgCl,,0. 15 mM dNTPs,0.2 pM
primer, 1.0 U Tag DNA polymerase and 50 ng ge-
nomic DNA per 20 plL reaction volume. The ampli-
fication reaction was performed in GeneAmp PCR
system 2400 ( Perkin Elmer Corp. USA) and pro-
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grammed for initial heat denaturation at 94 °G for 2
min, 40 cycles of 94 C(50 s),37 C(1l min),72 C
(2 min)followed by an extension period of 8 min ar
72 ‘C and then held at 4 ‘C. A negative control
PCR tube containing all compoents except genomic
DNA was included in all the runs. The amplified
fragments were separated on 1. 5% agarose gel
with ethidium bromide (0. 5 pg/mL)in 1 X TAE
buffer at 50 V. The gel was visualized by illumina-
tion with ultraviolet light and photographed.
1. 4 Analysis of cultivar relationships

Each amplification fragment generated by PCR
was treated as a unit character and scored as pres-
ent(1)or absent(0). Genetic distances were calcu-
lated between all pairs of entries using Nei’s coef-
ficient of genetic distance (Nei et ul.,1979).F=
2Xab/(Xa+Xb),P=1—F; Where F is the pairwise
similarity coefficient, Xa and Xb are the total num-
ber of bands in cultivar A and B respectively, Xab
is the number of bands shared by A and B, and P is

the genetic distance between A and B, A dendro-

19 18

Fig. 1

gram was prepared for the relationships among the
23 cultivars based on the genetic distance matrix by

SAS computer program,
Table 1  Sequences of 20 random primers
and numbers of RAPD markers

Primer No. Sequence(5°-37)  Numbers of RAPD markers
S22 TGCCGAGCTG 7
543 GTCGCCGTCA 10
S88 TCACGTCCAC 9
S92 CAGCTCACGA 1o
S166 AAGGCGGCAG 12
5193 GTCGTTCCTG 9
S252 TCACCAGCCA 10
S408 TCTGTTCCCC 13
S505 GACCTAGTGG 9
S514 CAGGATTCCC 11
S1142 AATCCGCTGG 1o
S1216 CCTTGCGCCT 6
S1340 ACACTCGGCA 8
S1452 AAGAGGGCGT 7
51495 CACGAACCTC 12
S1515 CCCACACGCA 13
S2025 GGGCCGAACA 11
S2110 GTGACCAGAG 7
S2120 ACCCTGAGGA 9
S2124 GTTCCCGACA 10

J 3000bp
2000bp
1500bp

1200bp
1031bp
900bp
800bp
700bp

600bp
500bp

)
o
I
M

9 8 7

RAPD patterns amplified by primer $2025

M:DNA marker,100bp DNA ladder; N:Negative control numbers refer to the corresponding names of O. fragruns cultivars,

2  Results and analysis

2.1 Results of DNA amplification

20 random primers were selected from 100
primers because they could amplificate clear,stable
and repeatable bands. The total of 193 distanct ma-
jor RAPD bands, 114 (59. 1% ) out of which were
polymorphic, were consistently generated from 20
primers, Between 5 to 14 bands were scored perprimer
with an average of 9. 6 bands (Table 1), Sizes of am-
plified fragments ranged from 400 to 3 000 bp. Differ-

ent primers had different amplification results.
Each cultivar gave unique amplification products to
distinguish it from the other tested genotypes when
several primers were considered, It fully indicated
abundant polymorphism existed between genomes,
As shown in Fig. 1, the polymorphism of 23 fila-
ments was very high and the result was stable after
being repeated for many times.
2. 2 Analysis of phylogenetic relationships among
cultivars

Genetic distances derived from pairwise simi-

larity coefficients among the 23 O, fragrans culti-
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vars are summarized in Table. 2. The values of ge-
netic distance ranged from 0. 054 8 to 0. 576 4,
which illustrated that the genetic difference among
O. fragrans cultivars was very distinct. The smal-
lest genetic distance was found between O. fra-
grans‘Zi’e’ and O. fragrans‘Nongchaoer’, which
had a genetic distance coefficient of 0. 054 8. Obwi-
ously, they had close phylogenetic relationship.

The remotest relationship took place between O.
fragransNanxi Dangui’ and O. fragrans*Yueyue-
gui’ with the genetic distance of 0. 576 4. The rela-
tionships between O. fragrans‘Nanxi Dangui’ and O.
fragrans® Sijigut”, O. fragrans ‘ Guifethong’ and O.
fragrans ‘ Yueyuegui’, O. fragrans‘Danxin’ and O.
fragrans“ Sijigui’ were also remote, whose values of

distances were larger than 0. 5.

Table 2 Genetic distances among 23 O. fragrans cultivars

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 0.0000
2 0.078 2 0.0000
3 0.1097 0.1145 0.0000
4 0,1129 0,0631 0.1181 0,0000
5 0.2285 0.2162 v.2183 0.2047 0.0000
6 0.2161 0.2275 0.2203 0,1987 0.067 9 0.0000
7 0.2037 0.2196 0.2183 0.2077 v.0548 0.0904 0.0000
8§ 0.2382 0.2278 0.2306 0.2281 0.0784 0.0937 0.0832 0,0000
9 0.2371 0.2297 0.2208 0.2192 0. 0921 0.0962 0.1065 0,091 7 0.0000
10 0.2265 0.2327 0.2291 0.2217 0.0893 0.0921 0.0973 0,088+ 0.057 2 0.0000Q
11 0.2306 0.2282 0.2161 0.2184 0.0916 0.0693 0.0902 0.0891 0.1027 0.0913 0.0000
12 0.2268 0.2236 0.2185 0.2197 0.0890 0.0914 0.0925 0.0617 0.0982 0.0921 0.0894 0.0000
13 0.2048 0.2167 0.2099 0.2016 0.1382 0.1261 0.1327 0.1378 0.1273 0.1384 0.1427 0.126 8 0.000 0
14 0,2037 0.2108 0.2117 0.1873 0.1321 0.1309 0.1314 0.1423 0.1291 0.1402 0.1325 0.1257 0.0929 0.0000
15 0.2106 0.2173 0.2098 0.1907 0.1287 0.1392 0.1251 0.1283 0.1302 0.1463 0.1314 0.1581 0.0980 0.0971
16 0.2099 0.2113 0.2107 0.1765 0.1263 0.1308 0.1315 0.1329 0.1405 0.1451 0.1328 0.1493 0.0816 0.091 3
17 0.2075 0,2081 0.2104 0,1825 ¢.1517 0.1434 0.1293 0.1407 0.127 1 0.1378 0.1312 0.1478 0.1027 0.074 8
18 0.1877 0.1803 0,1964 0,1793 ¢.3128 0,3327 0,3231 0.3183 0.3307 0,3281 0.3198 0.3207 0,3276 0.3197
19 0.1951 0,182 4 0.1831 0.1802 ¢, 3069 0.3215 0.3273 0,3175 0,3321 0.3173 0,381 0.3263 0.3215 0.3225
20 0.1893 0.1871 0.1924 0.1907 0.3103 0.3308 0.3167 0.3178 0.3269 0.3174 0.3165 0.3225 0.3237 0,316 8
21 0.1815 0,1809 0.1791 0.1524 0.3008 0.3187 0.3175 0.3099 0,324 4 0.3093 0.3185 0.3192 0.3139 0.3183
22 0.4153 0,418 1 0.4203 0.4328 0.2721 0.3247 0.,3733 0.3169 0.2706 0,2726 0.3119 0.271 7 0.2675 0.2633
23 0.4571 0.4473 0. 4502 0.4419 0. 2982 0,296 1 0.3064 0,2985 0.2683 0,2704 0.3153 0.2674 0.2581 0,2602
15 16 17 18 19 20 21 22 23
15 0.0000
16 0.067 8 0.0000
17 0.0985 0.0928 0.0000
18 0.3284 0.3217 0.3213 0.0000
19 0.3179 0.3208 0.3188 0.0603 0.0000
20 0.3207 0.3183 0.3164 0.1258 0. 1017 0.0000
21 0.3167 0.3201 0.3139 0.1182 . 1301 0,078 2 0.0000
22 0.2599 0.2602 0.2714 0.5103 0. 476 2 0.4829 0.4649 0.0000
23 0.2563 0.2548 0.2691 0.576 4 G.5671 0.5703 0.5501 0.1075 0.0000

The Single Linkage method cluster analysis Thunbergii Group and Awrantiacus Group) were

was carried out by using SAS soltware based on
the genetic distances of 23 samples, A dendrogram
was developed(Fig. 2). The 23 O. fragrans culti-
vars were divided into 4 clusters at 0. 15 similarity

level. Of all the 4 groups, 3 (Latifolius Group,

Autumn Division,and the other (Fragrans Group)
was Fragrans Division, Their relationship groups
based on the RAPD results were basically in accord
on the traditional taxonomy. So RAPD analysis

worked efficiently in this study.
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Fig. 2 Dendrogram based on RAPD markers
amplified from 23 O. fragrans cultivars

3 Discussions

Using the inforescence types and blossoming
habits as the first criterion,and the flower colors as
the second one, Xiang Qi-bai et al. proposed a sys-
tem in which two divisions and four groups were
recognized, namely, Fragrans Division and Autumn
Division. Fragrans Division is more primitive than
Autumn Division, while the evolutionary sequence
from primitive to advanced in Autumn Division is
Lati folius Group, Thunbergii Group and Auranti-
acus Group(Zang et al.,2002). Although our con-
clusions in this study held out their viewpoints,
there was difference about cultivar divisions in cul-
tivar group. As it was shown in the dengrogram,
cultivar of O. fragrans‘Taoye Jingui’ and O. fra-
grans*Jinlian’ was clustered at 0. 063 1. The result
showed the closer relationship exited between the
two cultivars. As far as physiological traits are
concerned,the ovary of O. fragrans‘Taoye Jingui’

is sterile,but O. fragrans‘Jinlian’is {ertile, This

trait is regarded as the main basis in classification
of O. fragrans cultivars. However, according to
our results, the genetic distance between them is
very small. Maybe the samples tested in our study
is insufficient, and if we have enough samples, we
will obtain a large number of genotype and offer
more foundation for analysis of genetic relation-
ships among O. fragrans cultivars,

RAPD is now widely used in the study of plant
systematic evolution, phylogenetic relationship and
genetic polymorphism(Lu et al. ,2002). Although
the stability and reliability of RAPD technique is
suspected, We think if reaction conditions are opti-
mized and all reagents are fixed and guaranteed
same in all the runs, the stable and repeatable re-
sults will be easily obtained. Our results have
shown that RAPD based classification of O. fra-
grans cultivars is an alternative and complementary
approach to the traditional methods for studying

0. fragrans.
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