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ABSTRACT

Morphological and genetic diversity of eleven safflower genotypes were
screened and evaluated, vin Principal Component Analysis (PCA) and Random
Amplified polymorphic DNA (RAPD) methods. Genetic diversify for nine agronomic
traits ; 50% flowering, plant height, number of branches, seed weight/capsule , number
of capsules / plamt 100 seed welght , seed weight / plant, seed pleldffed and seed olf
content, were stuidled. The combined analysis showed that line- 1 was the earliest in
flowering, while variety Giza -1 was the latest. Variety Giza-1 had the tallest plants
while ling -2 had the shoriest ones . Dem -137 gave the highest number af branches
Jbut line -2 had the lowest value . The combined analysis showed also thai line- 4
gave the highest weight of seed yleld /plant while mutant- 1 was the lowest with white
[flowers. Seed weight / capsule , was the highest for line-1, while mutant-1 recorded the
lowest capsule weight . Concerning number of capsules , line -4 was superior, while line
-1 was inferior in this respect. The combined analysis showed that line- 1 gave the
highest welght of 100 seeds, while line -3 gave the lightest one. Also, seed yieldfad , was
maximal with line -4 and variety Giza -1 , whereas it was minimal with line- 3 and
wutari- . Line -2 showed the highest oil content (32.75%) , while line -350 was the
lowest(27.91%) -

Molecular analysis using fourteen RAPD primers to detect polymorphism
among the eleven genotypes, indicated total of 46 reproducible fragments. Nineteen
were monomorphic and the rest revealed polymorphic banding patterns. Polymorphism
reached 0.59%.
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INTRODUCTION

Safflower (Carthamus tinctorious L) is one of the oil seed crops
attracting attention due to its highly valued cholesterol free oil (Balamurgan
ef al 2004). It is an important oil seed crop (27.91-32.75 % oi)l of high
quality in Egypt. It is basically a self pollinated crop, although some out
crossing occurs, mainly through insects.

Success in any breeding programme depends on the amount of
genetic variability present for a specific character in breeding populations.
The genetic coefficient of variation gives an idea about the extent of
variability present in the breeding material. In Egypt there are few safflower
lines in addition to some mutant lines. Detailed information is known about



their agronomic traits and yield potentiality. Safflower is also an annual
herb usually used as medicinal materials (Lee 1980).1t is cultivated as an oil
crop and for other important uses. Its flowers contains carthamin
(C12H2:011) which inhibits platelet coagulaiion and delays bleeding time,
(An and Yuk, 1975 and Huang 1993). Saffiower seed contains several
important fatty acids such as oleic and, linoleic acids which cause markable
reduction in blood cholesterols (Kim ef al 1999). The cultivated safflower
belongs to family Asteracea, 2n=2x=24. It is characterized with a strong
central branched stem and varying number of branches. Safflower has a
wide range of related species within the genus of Carthamus. The genus
contains more than 20 species divided into 4 sections (Knowles 1988).
Section one (2n=20) contains  oxyantha and palaestinu. Section two
(2n=24) (tinctorius, alexandrius glaucus syriacus and tenuis). Section three
(lanatus 2n=44) while section four (baeticus 2n=64). Sections number one
and two are diploids, the third is a tetraploid while the fourth section
consists of hexaploid species (Khidir 1969). Safflower is a drought tolerant
annual oil crop and this gives it an advantage over other oil crops. It is
known world wide as a source of high quality vegetable oil. In the past,
safflower germplasm was identified and characterized entirely via
morphological features. Recently, biochemical characters was used which
do not necessarily reflect genetic diversity (Fernandez -Martinz ef a/ 1993).
The environment has a strong influence on morphological traits (especially
quantitative traits). Studies have also shown that there are no sufficient
number of morphological markers to provide detailed knowledge of most
genomes (Shawla 2002). Hence, selection of genotypes based on molecular
markers will be highly reliable and more effective. It is more effective to
use RAPD markers to detect genetic diversity in safflower accessions.
Experiments were conducted to get basic information on the clustering and
affiant of several agronomic characteristic  for the identification of
imported and domestic safflower by RAPD analysis and principal
component analysis (Williams e ol 1990 and Cooper and Delacy 1994)

The aim of this study, is to evaluate the genetic diversity among
some introduced safflower accessions in addition to two local induced
mutants via agro morphological and biotechnological approaches , and to
assess the potentiality of using it for germplasm identification and
classification, and my be for improving safflower .

MATERIALS AND METHODS

The materials of the present work comprised eleven safflower
genotypes nine of them, were obtained from the Oil Crops Research
Section, Field Crops Research Institute (FCRI), Agriculture Research
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Center (ARC) , and two mutants were obtained from the International
atomic energy (IAE) in Egypt. Evaluation was performed during the winter
seasons of 2007-2008 and 2008-2009, at Giza Research Station ARC, Giza
Egypt. The description of materials is presented in Table (2). The general
architectural type of safflower germplasm was spine and spineless. The
predominant color was yellow orange except for, one mutant which had
“white flower. All genotypes were branchy with erect growth habit and
lancelet leaves. To asses the similarity and/or diversity of molecular
markers, extracted DNA from the eleven genotypes were tested against
fourteen arbitrary chosen 10 mere RAPD primers. The universal names and
sequence of tested primers are presented in Table (1)

Seeds from all studied genotypes were planted in 2007-2008 and
2008-2009 seasons. Phenological measurements were made during the
growth period. The measured traits were days to 50% flowering, plant
height (cm), number of branches, number of capsules/plant, seed
weight/capsule (g), 100 seed weight (g), seed weight/plant (g), seed
yield/fed (kg) and seed oil content . The entries were evaluated in

A randomized compete block design with three replications. Each
entry/plot consisted of five rows 4 m long. Spacing between rows and plants
within the row was at 60 cm and 15 cm, respectively. Thinning was done at
one plant/hill. Means were compared by using Duncans, Multiple Range
Test as outlined by Steel and Torrie (1980).

A modified CTAB (hexadecyl trimethyl ammonium bromide) was
used to obtain genomic DNA. The procedure is based on the protocol
suggested by (Sue—Porebsk et al 1997). Random amplified polymorphic
DNA (RAPD) has been carried out on the eleven genotypes. Genomic DNA
was used as template for polymerase chain reaction (PCR) amplification as
described by (William er al 1990). A set of 14 arbitrary primers (Table 1)
were synthesized by Bioron, Germany, to produce distinct marker profiles
for the studied genotypes. PCR reaction was performed in 50y, sample,
using 50,; DNA as template, 4ym MgL;, 10pmm Tris HCL, lym EDTA,
pH8.4, 200y each of ANTPs, 40, moles of each pnmar, and 2.5y Tag DNA
polymerase PCR was programmed for 5 min at 94C” for one cycle. 1 min
94C", 1 .5 min 36C, 2min 72C, during 35 cycle, and 10 min end, extension
at ‘HC Then followed by soaking at 4C. Amplified products were
separated by electrophoresis on 1.2 % agrose gel in 1XTBE buffer.



Table I.5cquence 0 [ the random (10- mer ) RAPD primers

~ e

5- GGTCCCTGAC-3
5- GTCCACACGG-73

5- GTAGACCCGT-3

5-CACACTCCAG-3
5-AAGACCCCTC-3
5 CACCAGGTGA-3

5 -CTACGGAGGA-3

\QQU‘-JG\M-BNMM

5-CACCCGGATG-3
5 AGCCTGAGCC-3
5-GGCGGTTGTC-3
5-CACAGACACC-73

'-ACACACGCTG 3

5. CCGACAAACC-3

RESULTS AND DISCUSSION

Agronomic characteristics of the eleven safflower genotypes are
presented in (Table 2).Five genotypes were spiny , and six were spineless.

The predominant flower color was yellow orange, except mutant-
1 (white flower ). All genotypes were branchy . Growth type was  erect.
and leaf type was lance late. These results agree with, Kang ef al., (2004).
Results in Table (3) revealed that, line- 1 was the earliest in flowering in
the two season (141.3 3 and 138.67 days)., but , lines-350 and Giza-1 were
the latest (147) in 2007/2008 season, while line-4 (145.33 days ) was the
latest in 2008-2009 season . Also the combined analysis showed that line -
1 was the earliest in flowering (140 days) , while Giza -1, was significantly
the latest. These results differed in the two years due to the interaction
between genotypes and environments. Regarding plant height, in season
2007-2008 Giza- 1. had the tallest plants (149 cm), while the shortest plants
were shown by line- 2 (136.67cm).In season 2008-2009, the local cultivar
Giza- 1 had also the tallest plants (147.67 cm ) followed by line -4 (147cm),
while the shortest plants were shown by line -2 (136.67cm)

Mean while the combined analysis revealed that Giza -1 had the
tallest plants (148.78cm), while the shortest plants were shown by line- 2
(136.67cm)
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Table 2 Description of the eleven safflower genotypes.

Genotype Spine Color of flower
petal
Mutant 1 Spine White
Mutant 2 Spineless Yellow orange
Line 2 Spineless Yellow orange
Line 6 Spineless Yellow orange
Dem 137 Spineless Yellow orange
Line 350 Spineless Yellow orange
Line 5 Spine Yellow orange
Line 1 Spine Yellow orange
(ziza -1 Spineless Yellow orange
Line 3 Spine Yellow orange
Line 4 Spine Yellow orange

Concerning number of branches, in season 2007/2008 Dem-
137gave the highest number (10.10), while line-2 had the lowest one (6.60),
also in season 2008/2009 Dem -137 had the highest number (10.33)
followed by variety Giza -1 (10), while line -2 had the lowest value (6.67).
Also in the combined data Dem- 137 reached (10.22), while line -2 had the
lowest number (6.63),

With respect to seed weight/plant, line- 4 in season 2007-2008 gave
the highest value for seed weight /plant which reached (34.33g), while the
lowest was line- 5 (29.33g) followed by the while flower mutant-!
(29.40g). In season 2008-2009 line- 4 gave the highest value for seed weight
/plant (33.9 g) followed by Giza -1 (33.3g) and line -3 (33.27g), while the
lowest was mutant -1 (28.4 g).In the combined data line -4 gave the highest
value for seed weight /plant (34.12g) ,while the lowest was mutant- 1 (28.9

£).

As for seed weight/capsules line -1 was the highest (88.67g), while
the lowest seed weight/capsule was shown by mutant-1 (52.23g), in season
2007/2008. In season2008/2009 line -1 was the highest (93.33g)), while
mutant- | gave the lowest seed weight /capsule (55.33g). The combined
analysis showed that line- 1 was the highest (91 g), while mutant -1 was the
lowest (53.78g).

For number of capsules /plant, line -4 was the highest (57.90)
followed by, line- 5, (57.23) and Dem -137 (57) while line -2 gave the
lowest capsule number (53.13) in season 2007/2008 .However in season
2008/2009 line- 3 gave the highest capsule number (57), while line -1 was
the lowest (50.67) .The combined analysis revealed that line- 4 showed
the highest number of capsules (56.95) followed by Dem -127 (56.33),
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Table 3. Mean of flowering date, plant height , No of branches/plant, seed weight capsule, No of capsules , 100 seed
weight, seed yield/plant, seed yield/fedan , and % of oil.

50% ﬂuweriu.g

ute | Plant height{cm) Mo of branches

| | !
Combined 2007 2008 2008 Combined

L 2008 | 2000 | |
14533* | 140.67 | 143.00* | 140.60 | 138.00 | 13930
Mutant2 |144.00%| 14033 | 142.17 | 14333 | 140.67* | 142.00*
Line2 |145.00%| 14133 | 143.17* | 136.67 | 136.67 | 136.67
T Line7 | 143.67*) 144.00%| 143.83* | 145.86% | 143.33* | 144.60%
Deml137 |145.67%|144.67%| 145.17% | 140.73* | 145.00* | 142.87*
Line 350 |147.00*|14433*| 145.67¢ | 14533 | 144.67* | 145.00*
LineS | 145.67%|142.33%| 144.00* | 141.13 | 144.00* | 142.57*
Linel | 14133 | 138.67 | 140.00 | 141.57 | 141.00* | 141.28
Gizal(check) 147.00% | 144.67%| 145.83* | 149.00 | 147.67% | 148.78*
Line3 |14433%| 143.33%| 143.83* | 146.17* | 145.33* | 145.75*
Line-4 | 144.67* | 14533% | 14500 | 140.03% | 147.00* | 146.52*

L.5.D5% 3.37 2.16 : 4.82 827 6.77 .
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Table 3.

Cont.

*Significant at 0.05 probability level

215

Seed weight/capsule (g)| No of capsules/plant | 100 sced weight(z) | Seed yield /fed (kg) % of oil

2007-|2008- 200712008 .. 00712008 3007

2008 | 2009 [C™Pimed 5008 | 2009 [Combi 2008| 2009 [COmbined! 5064

5223|5330 5378 l55.67753.334 s54.50¢ [s.69%/539%] 554+ [54333]550.67| ss1.55 B2.13%R9.194 30.66

62.00(61.00] 6150 154.00%5433% S4.17¢ |5 85%/5.55%| 5.70° |571.32]559.07| 565.19 B9.358*bo.71% 29.78*
Line 2 |63.87]63.00] 6343 [53.13%54.007 53.57% [5.52%]5.35%] 5.44% |554.50|584.53| 569.52 B2.93°B2.56% 32.75%
[ Linc -7 166.67%65.00] 65.83 [56.40%54.67% 55.53% [5.52%5.83%| 5.68% |545.56]557.33] 551.45 P9.88*09.77% 2982+
TDem 137)65.77967.00] 6638 157.00°55.57% 56.33% [5.79%5.75%| 5.77% |551.44|560.40| 55592 |8.3508.29% 2832°
§Line 350§73.33%80.33% 76.83* 154.10*54.67*% 5438* |5.52%|5.64%]| 5.58% 37472157733 576.03 P789%2792| 2791*
Line 5 [79.00%82.00% 80.50° [57.03%55.009 56.12¢ [5.53%5.61%| 5.57% |575.56|573.97] 574.77 [9.00%29.13% 29.07*
Line 1 IRB.67%93.33% 01.00* 54.00M50.67% 52.33* }6.38%5.74* 6.06 55202154863 55033 [28.14% 27921 28.03*
Giiza-1 170.00°60.33% 75.17° 155.33%54.33% 54.83% [5.52%5.69%| 5.61° [612.34%626.43% 619.39% B0.23*B031% 30.27%
Line -3 110.20%73.67 71.93% |55.40%57.004 56.20° [5.41°5.25 % 5.38% |573.00|549.40] 56120 B0.75%27.59] 29.17%
Line -4 {75207 72.00] 73.60% [57.90%56.00% 56.95° [5.56%|5.51%] 5.54* |660.45%636.17" 648.31* B0.32°60.30% 30.32°
LSD5% | 559 [695| 631 |406]449| 397 [045[047] 048 [3108]31.09] 31.09 [296]207] 2.2




line- 3 (56.20j and line -5 (56.12). However, line- 1 had the lowest number
of capsules (52.33). The 100 seed weight of line -1 was the heaviest
(6.38g). While the lowest 100 seed weight was shown by line- 3 (5.41g) in
season2007/2008. In season 2008/2009, line -7 had the heaviest weight of
100 seeds (5.83g), while the lowest 100 seed weight was shown by line -2
(5.35g) followed by mutant-1 . The combined analysis for 100 seed weight
showed that line -1 had the heaviest seed (6.06g) while line -3 had the
lightest seed (5.38g).

Results showed also that mutant -1, gave the lowest seed yield / fed
(543.33kg), while line 4 gave the highest seed yield/fed (660.45kg) in
season 2007/2008. However, in season 2008/ 2009 line -1 gave the lowest
yield (548.63kg) while line -4 gave the highest yield (636.17kg) followed
by the cultivar Giza -1 (626.43 kg ) .Similarly combined analysis showed
that line -4 gave the highest seed yield (648.31 kg), while line - 1 gave the
lowest vield (550.33kg).

Results in season 2007/2008 indicated that seed oil content varied
from 32.93-27, 89, ‘while in season 200872009, it varied from 32.56-
27.59%. However, combined analysis showed that oil content varied from
32.75- 27.91%. Differences in results of the two seasons may be due to the
genotype X environment interaction

RAPD fingerprinting

Fourteen RAPD primers were tested to generate amplified DNA
fragments, four primers generated polymorphic profiles (A-02, E-06, 1-17
and Z-20). Three primers did not show any amplification (A-06-G-01 and 0-
20) while, the remaining generated monomorphic profiles. The
polymorphism was scored as presence or absence of a specific band in
samples. A total number of 46 reproducible fragments were generated
(Table 4 and Fig 1), from which nineteen were monomorphic and the rest
revealed polymorphic' —banding = patterns.  Polymorphism reached
0.59%.Number of polymorphic fragments/primer varied and ranged from
ten to thirteen polymorphism ratio .It also varied :

Table 4. Levels of polymorphism and unique genotype specific markers
based on RAPD analysis

Polymorphism %
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Fig. 1. Profiles of eleven genotypes as reveled by different RAPD primers
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from one primer to the other and ranged from 20% for Z-10 t091.6 for 1-17
with an average of 51.84%. Some genotypes showed unique fragments that
could be used as specific markers to discriminate the respective genotypes,
while others were not be able to be distinguished through the tested primers.
For instance, genotype -6 was characterized by the absence of band no -4
with a molecular size of 890 bp when tested against primer E-06. Means
while, primer L-17 was more informative and generated three specific
markers to distinguish genotype-1 (negative markers of 360bp), genotype -5
positive markers of 200 bp and genotype- showed (positive markers of
120bp. From the previous data, it is clear that four genotypes could be
identified using two primers out of the four informative ones .Further primer
testing would be valuable in fingerprinting the whole set of genotypes.
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