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ABSTRCAT : Morphological and genetic diversity of
thirty nine safflower germplasm were collected and evalu-
ated by Principal Component Analysis (PCA) and Ran-
dom Amplified Polymorphic DNA (RAPD) method. Stem
length and seeding to flowering days of the safflower ger-
mplasm showed 26 ~ 117cm and 76 ~ 179 days of variation
respectively. USA originated germplasm showed higher
oil content as 39%, but that of Japanese showed lower as
26%. PCA made three different cluster groups according
to some agronomic characteristics of safflower. Korea
originated germplasm showed similar cluster group with
that of collected from USA in the PCA of stem length. But
in the seeding to flowering days, it showed similar cluster
pattern with that of collected from Japan rather than
USA. In the experiment of RAPD analysis, total five prim-
ers showed polymorphism at the several chromosomal
loci. Korea, China Japan and South Central Asia origi-
nated germplasm were differently classified with USA and
South West Asia originated germplasm with lower simi-
larity coefficient value (0.47). Most of Korea originated
germplasm were grouped with South Central Asia origi-
nated germplasm with higher similarity coefficient value
(0.74) conferring similar genetic background between
both of them. China and Japan originated germplasm
were dendrogramed with Korea originated germplasm at
the 0.65 and 0.50 similarity coefficient values respectively.
Some common results were expected from both of PCA
and RAPD analysis, but lower genetic heritability caused
by relative higher portion of environmental variance and
environment by genotype interaction at the expression of
those of agronomic characteristics made constraint to find
any reliable results.
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S afflower (Carthamus tnctorts L.) onginated from
Egypt and Afghanistan 1s annual herb, usually used as

medicinal materials m Korea, China, and Japan (Lee, 1980).

Safflower also cultivated as o1l crop or iumportant plant

resources. Traditionally, it has been used as folk remedies

for bone diseases such as fracture and osteoporosis etc. (An
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et al, 1975). It's flower contains cartamin (C;;H,0y))
which inhibits platelet coagulation and delays bleeding time
(An et al., 1975; Kee, 1993). Safflower seed contams sev-
eral fatty acids, and linoleic acid was reported as function to
reduce blood cholesterol content (Kim er al., 2000). In
recent, the scale of imported safflower mainly from China is
gradually 1ncreased by the expansion of domestic require-
ment. But quality of imported safflower is very lower and
cheaper than that of domestic, so many 1mporters disguise
imported safflower as domestic's which cause damage to
many domestic safflower cultivators. Up to now, several
researches relating to identification of imported or domestic
safflower were conducted (Park, 1984; Kim er al., 1999)
usually m view of morphological difference or medicinal
composition. But any experiment in view of comparing
affimty and genetic relationship according to the origin of
safflower were not conducted. This experiment was con-
ducted to get basic information on the clustering and affinity
of several agronomic charactenistics for the identificanon of
imported and domestic safflower by RAPD analysis and
Principal Component Analysis (Williams ef al., 1990; Coo-
per et al, 1994).

MATERIALS AND METHODS

Agncultural Research Service Western Station, United
States Department of Agriculture provided total thirty nine
safflower germplasm collected from Korea, China, Japan,
South Central Asia, South West Asia and USA. Those mate-
rials were sowed at pot (30 x 30cm) with three replications
at the green house in October 20, 2002.

Some agronemic characteristics of safflower
germplasm by PCA

It was surveyed some agronomic characteristics, such as
stem length, seeding to flowering days and charactenstics of
leat (shape, color, spine etc.) which showed much variable
according to the different collected locations of safflower
germplasm. And it was conducted PCA to confer varation
or sirmlarity among them,
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Oil content and fatty acid composition of
safflower germplasm

O1l content of collected materials was analyzed by soxhlet
method using ethyl ether extract solvent. Fatty acids content
was also analyzed by several procedures, dissolving materi-
als at hexane and methanol solution, cooling, neutralization
by H>SO,, dehydration using sodium sulfate and quantifica-
tion of fatty acids by gas chromatography (Varian 3400,
Varian) with flame iomzation detector at the condition of
column temperature of 200 °C, mjection and detector tem-
perature of 220°C.

Genetic variation of safflower germplasm by
RAPD analysis

DNA separation and extraction were conducted using
Wizard Magnetic 96 DNA Plant System kits(Wizard Mag-
netic 96, Labsystem co.). DNA was quantified by Fluorom-
eter 96 (Fluoroskan Ascent FL, Labsystem co.) under the
standard curve (Jonshon et al., 2002). Bulked DNA solution
was prepared to compare DNA band variation by dividing
about 2 p/ of DNA of each germplasm from total twelve
samples to make 24 p/ of bulked DNA solution. Optimum
PCR analysis condition for total 25 p/ solution for Gene-
Amp PCR System 9700 1s 15.3 p! of DdH,0, 2.5 wi of 10X
buffer, 3.0 ! of MgCl,, 0.2 W of Taq, 1.0 W of primer, 1.0
! of template DNA by 94 °C for 4 min. 30 sec., 35 °C, 15
sec., 72°C, 2 mun. 30 sec., 40 °C for 15 sec. to conduct total
forty cycles. Amplified DNA product was conducted band
separation at 2% of agarose gel by 0.5X of TBE buffer solu-
tion and identify separated band under ethidium bromide
solution NTSYS-PC, version 2.12d was used to score
reproducible DNA band by presence (1) or absence (0) to
make dendrogram under PGMA (paired group mean arith-
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metic average). Simlanty Coefficient was also analyzed by
Similarity for Quantitative Data (SIMQUAN) using S(x,y)=
2Nxy/(Nx + Ny) formula (Nei et al., 1979). At the formula,
Nx and Ny mean RAPD band at x, y, Nxy means covalent
band of x, y.

RESULTS AND DISCUSSION
Some agronomic characteristics of safflower germplasm

It 1s important to compare morphological agronomic char-
acteristics to confer genetic variation or those affinity indi-
rectly. We surveyed some characteristics of different on-
ginated safflower germplasm (Table 1)

Korea originated safflower germplasm showed longest
stem length as 88 cm, but that of collected from South Cen-
tral Asia was shortest as 51 cm. General architectural type of
safflower germplasm were branching and erecting. Predom-
inant color of flower petal was red, orange, and leaf type
was lanceolate, spine type. Days from seeding to flowering
showed that South Central Asia and South West Asia origi-
nated germplasm were about 92 ~ 100 days, but that of
Korea was 80 days.

Oil content and fatty acids composition of
safflower germplasm

No significant statistical difference on the o1l content and
fatty acids composition among safflower germplasm was
showed. But, USA originated germplasm contained higher
o1l content as 39%. Linoleic, oleic and palmitic acid by
which generally occupy 95% of total fatty acids are main
components in safflower. In the comparison of fatty acids
composition among safflower germplasm, China originated
germplasm showed high linoleic acid composition as much

Table 1. Several agronomic and morphological characterstics of different originated safflower germplasm.

Origmated  Stem length ” Branch Growth seeding to flowering  Color of flower Leaf type Spme
country (cm) type type days ” petal yp P
China 75£7.3 Branch Erect 90+47 Red Lanceolate,  Fewer spine,
oblong spine
Japan 7730 Branch Erect 86+12 Red Lanceolate Spine
Korea 88485 Branch Erect 80422 Red Oblong, Spune,
lanceolate fewer spine
South Sprawl
+ ’ +
Central Asia 51+18.2 Branch erect 100£34.8 Orange Lanceolate Spine
USA 60+3.6 Branch Erect %009 Yellow, orange ~ Lanceolate Spine
South Oblong Spine
+ + ’ ’
West Asia 84+219 Branch Erect 92+19 Orange,red lanceolate fewer spine

? value - Mean  standard deviation



Table 2. Comparison of o1l content and fatty acids composition of different originated safflower germplasm.

SAFFLOWER GERMPLASM DIVERSITY

339

O1l content

D

Fatty acid composition (%) ’

Onginated coun
& untry (%) Palmtic acid Oleic acid Linoleic acid
China 271+61 5004 10.6+10 804%1.1
Japan 257+12 50102 11.0+04 794106
Korea 208+1.5 94+04 124403 734406
South Central Asia 279+38 49405 3061284 591+285
USA 386127 5108 36.3+34.9 54 6+34.3
South West Asia 26607 54+0.6 110x1.3 786+14
?value : Mean = standard deviation
as 80%, but germplasm collected from USA showed about IPCA2
30% lower than that of China. In contrast, germplasm col- 3 - KOR
lected from USA showed higher oleic acid as much as 25%
compared to China (Table 2). 2F
1L
Agronomic characteristics by PCA i . usa sca
In the PCA for stem length of safflower germplasm with i L 1 SWA
different origins, total three groups are clustered; germplasm CHN JPN !
from China, Japan grouped one, that from Korea, USA -2 '2 i 1‘ _(; 1' J 2' 43
grouped another, and that from South Central Asia, South IPCA1

West Asia grouped other one (Fig. 1). Therefore 1t was con-
cluded that different genetic inheritance or main factor
affecting genetic response was diverse according to the col-
lected locations. Interpretation ratio for IPCA1 and IPCA2
was 62%, 22% respectively showing total 84% of genetic
explanation by them. Especially, the fact that germplasm

Fig. 1. Plot of the first two principal components for stem length of
six different originated safflower CHN China, JPN:
Japan, KOR Korea, SCA : South Central Asia, SWA :
South West Asia, USA . U.S A.

from China and Japan placed same group at the plot of PCA IP1C92_ CHN

was under the same understanding that some safflower ger- 07 L

mplasm from Japan was expected to show high similarity to USA

the that of China in view of molecular variation by RAPD 03~ swa

analysis. 0oL SCA
In the comparison of seeding to flowering days of saf- 03 kom

flower germplasm at the PCA analysis, three groups are

made, but those general response was different from that 07~

of stem length. Interpretation ratio of seeding to flowering -10 ’1 JPA 0' 11 2' :"’ "1

days for IPCA1 and IPCA2 1s 63%, 22% respectively
(Fig. 2). According to the result of PCA for seeding to
flowering days, Korea originated germplasm showed high
sumilarity to that of Japan germplasm, and both of USA
and South Central Asia originated germplasm showed
similar response We also expected stmular result that both
of them would show higher similarity value at the RAPD
analysis.

In the PCA for comparison of o1l content of safflower ger-
mplasm, Japan, USA and South West Asia originated germ-
plasm showed similar response and that of Korea showed
different response to others. Interpretation ratio of o1l con-

IPCA1

Fig. 2. Plot of the first two principal components for seeding to
flowering days of different onginated safflower germ-
plasm

tent for [IPCA1 and IPCA2 is 63%, 23% respectively (Fig.
3). At the Fig. 3, germplasm from USA and South West
Asia showed similar response 1n view of above results, simi-
larity test at the RAPD analysis also was expected that both
of USA and South West Asia oniginated safflower popula-
tion would show high similarity value
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IPCA2 RAPD analysis of different originated
3 SCA safflower germplasm
2r CHN Total five primers among sixty primers(OPAA120,

OPB120, OPF120) showed polymorphism at the screen of

1 KOR safflower germplasm. Those selected primers were used for
OrF - JPN the analysis of genetic vanation of DNA level using RAPD
4L usA method. one or two specific DNA bands at the same locus
SWA were identified at the bulked solution from China and USA,

2 l2 ; (; 1| ' é J?, in which it is conferred that USA and China oniginated saf-
IPCA1 flower germplasm have simular genetic background (Fig. 4).

According to similarity analysis by Similarity for Quanti-

Fig. 3. Plot of the first t 1 com nts for o1l content of .
'8 SD(: dlfferzmlr Osngvlvrigénscgo\ier gggﬁp]asmr. ol n tative Data (SIMQUAN), Korea, China, Japan and South

South Cer | LS. outh West Asia |

Fig. 4. Representation of polymorphic DNA band on bulked DNA solution using selected primers
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Fig. 5. Dendrogram of 48 different safflower accessions by PGMA C- Chimna, J- . Japan, K- Korea, S- : South Central Asia, W- : South
West Asia. U- . US.A.
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Central Asia ongated germplasm were classified differ-
ently with those from USA and South West Asia at the 0.47
value of similarity coefficient. Most of Korea originated ger-
mplasm was grouped with that of South Central Asia at the
0.74 value of similarity coefficient showing higher genetic
similarity between both of them. China and Japan originated
germplasm drew dendrogram with that of Korea at the 0.65,
0.50 similanty coefficient values respectively.

In the principal component analysis of stem length, seed-
ing flowering days and oil content, different responses were
displayed according to safflower originated locations
because much 1nteraction of some genotype by environmen-
tal factors was affected to express those related heritability.
Also, it was not easy to find any co-existent variation
between principal component analysis and AFLP analysis.
To get more reliable experimental results of genetic back-
ground or variatton for morphological characteristics of dif-
ferent originated safflower germplasm, it is necessary to
reduce any environmental variation parts among total varia-
tions and apply suitable biotechnology (Yan et al., 1998).
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