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ABSTRACT

Off-type plants of Giza 90 cotton cultivar were used in the present investigation
to study some of their economic traits and their effecis on varietal deterioration. Plants of
Giza 90 variety as well as ifs off-type plants were grouped, characterized and evaiuated in
the field and the laboratory throughout three successive seasons. Also, molecular genetic
[fingerprinting using RAPD-PCR analysis technigue was used for setting up a convenient
and standard protocol fo identlfy and differentiate among Giza 99 variety and is off-
types. Field characterization of both standard and off-type cotton indicated that the off-
type plants were toller, of larger leaves, with different boll shapes and seeds were naked.
Significant difference between the standard type of Giza 90 and its off-type planis were
Jound for boll weight, seed cotton yield, lint yield, lint percentage, Micronaire, fiber
length, degree of yellowness and reflection degree. On the other hand, insignificant
differences for Pressley and aniformify ratio were detected. In RAPD analysis, ten
primers out of the tested thirteen oligamers succeeded 1o test the genetic purity of Giza 90
and its off-type which generated a total number of amplicons of 67 DNA fragments
while, 44 bands (65.7 %) were polymorphic amplicons. There were unigue bands in the
standard type Giza 90 which were not observed in the two off-types. On the other hand,
there were some unique bands in the off-type. Genetic similaritles among Giza 90 and the
ifs off-type were between 73.6 % and 59.1 %. The largest genetic distance was 40.9 %
between Giza 90 and Giza 90 T,, while the lowest distance was 26.4 % between Giza 90
and Giza 90 T, The genetic distance between Giza 90 and the iwo off-type is thought to
be of divergent origin owing to modifier genes or migration info Giza 90 variety from
another source especially after free marketing. Our results indicated thai, existence of
the off-type planis among the true type variety is dangerous. Therefore, removing the off-
type plants out of the farmer field and minimizing the period of production and handling
the certified seeds by the farmers would be helpful to avoid the occurrence of varietal
deterioration.

Key Words: Off-types, Egyptian cotion, RAPD, Fingerprinting, Fiber (raits,
Polymorphism, Genetic similarity.

INTRODUCTION

Cotton is the most important fiber crop in the world as well as in
Egypt. Increasing cotton production and quality is an urgent national goal to
meet the consistent demand for this crop. Homogeneity of such characters
represent the practical criteria for identification and judging the purity of the
cotton. In Egypt, cotton cultivars are exposed to different factors which
cause deterioration such as mechanical mixing, natural crossing, mutations
and the change of gene frequency by genetic drift and natural selection.
Consequently changes in the homogeneity and uniformity could eventually
occur due to some off-type plants that are spontaneously induced.



Description of the off-type plants and the study of their economic characters
are very helpful to impede the varietal deterioration. El-Shazly (1987) and
Kamal et af (1988) found that the discolored cotton was associated with
deterioration in fiber quality and lower yield components. El-Okkia er a/
(1990) studied the variation between the standard type of Giza 70 and its
off-type and concluded that the Egyptian cotton variety including off-type
cotton locks would cause lack of color uniformity, depression of waste in
spinning processes. Abo-Arab et al (1990), Fayed ef a/ (1990) and Abo-
Arab et al (1992) studied the lint colour of off-types isolated from Giza 70,
Giza 76 and Giza 77 as well as F;-and F, progenies derived from crossing
these off-types with their original varieties. They found that these changes
in lint colour appeared to be under polygenic nature and additive genetic
effects. Hemaida (2000) and Hemaida ef al (2006) studied the differences
among the standard types of Giza 80 and Giza 83 with their off-type plants.
The results showed that the off-type plants of Giza 80 gave considerably
lower values for boll weight, lint percentage, seed index and fiber strength
characters, while the discoloration type of Giza 83 exhibited later maturity
and coarser fiber compared to the standard type. Evaluation of the off-type
plants for some economic characters compared to the true type of Giza 90
would require an immediate DNA analysis to find markers that facilitate the
scoring of the characteristics. Molecular genetic fingerprinting is quite
useful tools for phylogenetic studies among different genetic resources
(Suiter 1988, Fercy and Wendel, 1990, Wendel et al 1991, Zhang ef al 1998
and Jinggao ef al 1999). The randomly amplified polymorphic DNA
(RAPD) is used identify genotypes and to detect molecular markers linked
to a certain gene of interest, (Williams et a/ 1990, Brubaker and Wendel
1994, Multani and Lyon 1995, Iqbaleta 1997, Liu ef al 2000, Abdel Ghany
and Zaki 2003, Qureshi ez al 2004, Hussein et al 2006 and Abd El-Salam et
al 2010).

The main objectives of the present study were to identify and
differentiate the standard cotton variety Giza 90 and its off-types for yield
and fiber quality traits and molecular characterization as well as to
determine some specific markers at the molecular level.

MATERIALS AND METHODS

Materials _

The present investigation was carried out at the farm of Sids
Agricultural R=search Station in Beni-Suef Governorate, the Departmer.* of
Cotton Breeding, Cytology and Genetics Unit, Cotton Research Institute and
Agricultural Genetic Engineering Research Institute, Agricultural Research
Center, Giza, Eqypt during the three seasons of 2008, 2009 and 2010. The
materials used in this investigation were the Egyptian long staple variety of
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cotton "Giza 90" belonging to Gossypium barbadense L. as well as its two
off-types.

The off-type plants were taller than the standard type "Giza 90",
isolated from seed production area in Sohag Governorate (Table 1). The first
off-type (Giza 90 T)), produces white lint cotton. The second off-type (Giza
90 T,) has dark creamy lint and its seeds were naked.

Methods

The off-type plants of Giza 90 werc picked from different farmer
fields in 2007 season. They were cultivated in seasons 2008 and 2009.
During this period some characters were recorded and laboratory
examination for lint and seed type was made. In 2010 season, the standard
variety "Giza 90" and its two off-types (Giza 90 T, and Giza 90 T;) were
included in a comparison experiment; it was a randomized complete block
design with three replications. Each plot contained three rows, four meters
long, 60 cm apart and intra hill spacing was 20 cm. The hills were thinned to
two plants per hill. All agricultural practices were applied according to the
recommendations.

Table 1. Characteristics of the standard and off-type cotton plants of .

Giza 90.
Characters Giza 90 S Giza 90 T, Giza 90 T,
Plant Ranged from 120 — [ Ranged from 150 | Ranged from 150
height 130 cm —180 cm. —180 cm.
Small in size and | The leaves are The leaves are of
"~ | the lobes are larger than Giza 90 | similar size to
Leaf wrapped up the Sandhas 1 -2 those of Giza 90 S

lower surface has 2 | nectar glands at andhas 1 -2
— 3 nectar glands. | the lower surface. | nectar glands at
the lower surface.

Small conical Conical shape with | Conical size, shiny
shape, dark green | 1 - 2 nectar glands | greenand 1 -2

Boll and one nectar at the base of the | nectar glands at
gland is found bracts. ’ the base of bracts.
mostly at the base
of bracts.
Small size, dark ,
brown and most - Dark brown

Seed type | eedsare tufiedto |  naked seeds Seeds are naked
1/4 fuzz.

Lint color | Light creamy. White lint Dark creamy

Giza 90 § = the standard cultivar Giza 90
Giza 90 T, = the first off-type.
Giza 90 T; = the second off-type.
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Yield components and fiber properties

A representative sample of ten guarded plants of each type as well as
the control was Taken from each plot to estimate boll weight (BW), seed
cotton yield / plant (SCY/P). lint yield / plant (LY/P), lint percentage (LP)
and seed index (SI). The micronaire value {Mic), Pressley index (PI), fiber
length (FL), uniformity ratio (UR), yellowness (+b) and reflectance ratio
(Rd %) were measured as individua! plants in Cotton Technology Research
Division, Cotton Research Institute, Giza.
Analysis of variance and F test were performed for the studied characters.
Duncan’s (1988) in multiple range test was conducted to determine the
significant differences among the means at 5 % level of probability
(Snedecor and Cochran 1981).

Molecular genetic analysis
Genomic DNA extraction and purification

DNA extraction was done according to Porebski ef al (1997), the
genome was isolated from young leaves foliowing the CTAB and purified
by the cesium chloride density gradient centrifugation method (Sambrook er
al 1989) with some modified as described by Hussein e7 of (2003).

Estimation of DNA concentration

The concentration of DNA was measured according to the following
equation:

DNA conc. (ug / ul) = 0.D 260 x dilution x 0.05

The purity of DNA is determined from the ratio:

Pure DNA=0.D260/0.D280=1.7-20

Preparation of PCR reactions:

Random amplified polymorphic of DNA from cotton samples was
carried out according to the procedure given by Williams at «/ (1990) with
some modifications. The amplification reaction was carried out in a volume
of 50 ul containing 250 ng of genomic DNA as a template. The PCR
mixture per genotype consisted of the following: :

Component Amount for one PCR reaction
2 mM dNTPs ) 5l

50 mM MgCh 2 ul

10 x PCR buffer Sul

10 pM primer 4 ul

5 U/ NiTaq. Pol. neras 1l

250 ng / ul template DNA & pi

H,0 (d.w) ' 27 ul

Total volume 36 pl
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PCR program and temperature profile

Amplification of the PNA was pevformed by placing the tubes
containing the reactions in Perkin Elmer (hermal cycler 2400 RAPD-PPCR
performed in 50 pl reaction volumes for 40 cycles. After the reaction
mixture was mixed with IJNA loading buffer and electrophoresed on 1.5 %
agrose gel. The program wae as follows: denaturation 94°C for 2 minutes,
then for 40 cycles. Each cycle consisted of 1 minute at 94°C, 1 minute at
37°C, 2 minutes and 30 second at 72°C, followed by a final extension tiine
of 12 minute at 72°C and 4°C' (infinitive).
Gel electrophoresis

The amplification products were resolved by elecirophoresis ina 1.5
% agrose gel at 80 V for about 2 hours, PCR products were visualized by
staining gel ethidium bromide. Bands were detected on UV. transilluminator
and photographed by gel documentation.
RAPD aualysis

The banding pattems generated by RAPD analysis using 13 primers
(Table 2) were compared to determine the genetic relatedness of the
standard Giza 90 and its off-types. Clear and distinct amplification products
were scored as (+) for presence and (-) for absence of bands. The genetic
similarity and similarity matrix among genotypes were estimated according
to Sneath and Sokal 1973,

Table 2. The sequences of primers wsed for RAPD analysis and the
percentage of GC content.

Primer code Sequences 5'-- 3' GC %
1 OP-A06 GGTCCCTGAC 0%
2 OP-A13 " CAGCACCCAC 70 %
3 OP-CO1 TTCGAGCCAG 60 %
4 OP-C02 GTGAGGCGTC 70 %
5 OP-C05 |  GATGACCGCC 70 %
6 | OP-C06 T GAACGGACTC 60 %
7 OP-C08 TGGACCGGTG 70 %
K OP-C09 CTCACCGTCC 70 %
9 OP-D06 ACCTGAACGG 60% |
10 OP-D09 CTCTGGAGAC 60 %
11 OP-D12 CACCGTATCC 60 %
12 OP-G14 GGATGAGACC 60 Y%
15 OP-M14 AGGGTCGTTC 60 %%
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RESULTS AND DISCUSSION
Morphological characteristics

As shown in Table (1), some characters of the standard cultivar Giza
90 were compared with its corresponding off-type plants. It could be noticed
that, the plant height, leaf size, boll shape, seed type and lint color
characters are of prime importance to characterize the off-type plants. Giza
90 T,'s leaves were larger than those of Giza 90 S of dark brown naked
seeds and white lint. While, Giza 90 T,'s lint was dark creamy.

Mean yields and yield components are presented in Table (3). Data
showed significant differences among Giza 90 and its off-type plants for all
studied characters. Concerning boll weight, results showed that the off-type
plants; Giza 90 Ty and Giza 90 T bear smaller bolls compared with the
normal type Giza 90 S. With respect to the other yield components, namely
seed cotton yield, lint yield and lint percentage, considerable reductions
regarding these traits were found in Giza 90 T; of about 21.4 g decrease in
SCY, 108 g decrease in LY and 9.5 % decrease in LP. These results
illustrate that regarding Giza 90 S, the out crossing with both off-types may
incur high reduction in these traits. Therefore, these yield components are
very important for detecting the varietal degeneration. E1-Okkia er af (1990),
Hemaida (2000) and Hemaida et al (2006) obtained similar results in their
study of Giza 70, Giza 80 and Giza 83 varieties, respectively, they showed a -
considerable reduction of the off-type plants for yield components.

Means of some fiber properties are given in Table (3). The results
showed significant differences for micronaire value among Giza 90 S and its
off-type plants. The two off-types, exhibited coarser fiber than the standard
type. Concerning the Pressley index and uniformity ratio, results showed
that the standard type Giza 90 S produced stronger lint and larger uniformity
ratio than its two off-type plants. Also, data showed significant differences
for fiber length (FL) among Giza 90 S and its off-type. The off-type plants
Giza 90 T; and Giza Y0 T gave less fiber length compared with the normal
type Giza 90 S. With respect to the lint color properties, it is apparent that
the discolored type Giza 90 T had relatively higher reflectance (RDD %) and
lower chroma (+b) values than the standard type Giza 90 S.

On the other hand, the second off-type Giza 90 T had considerably
lower reflectance (Rd %) and higher chroma (+b) values than the
corresponding standard type Giza 90 S. The present findings were in
harmony with those obtained by El-Mansy et af (2008) and Abd El-Salam et
al (2010). They found inferior quality characters associated with the
disccloration of cotton.
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Table 3. Mean of yield, its components and fiber properties for Giza 90

and its off-types.
it Genotypes Giza90S | Giza%T, | Gira 90T,
IBoll weight (g) (BW) 30 a 22b 2.5 ab
[Seed cotton yield / plant (g) (SCY) 458a 24.1¢ 33.6b
{Lint yield / plant ® (LY) i7.9a (AL N.7b
int percentage % {LP) 389a 294c¢ 349b
eed index ® __Sh 980 il.la 102 b
icronaire reading . (Mic) 40b 4.7 a 44a
fPressiey index (PD) 10.2a 9.2a 94a
funiformity ratic % (UR) 874a 84.7a 8692
iber length at 2.5 % Span length (FL) | 30.6a 275b 296 ab
Y ellowness {+b) il9b 10.5¢ 126a
[Reflectance percentage % (Rd) 673 b 71.5a 62.7c

From the previous results, it could be concluded that the existence of
off-type plants in the commercia! cultivar is dangerous and had very bad
effect on the varietal purity beside plant heterogeneity. These off-types had
poor yield characteristics and led to inferior fiber properties. The production
and renewal of pure seeds annually, rouging the off-type plants before and
after blooming, to avoid the out crossing and minimizing the duration of
production and handling the certified cotton seeds would be very helpful in
maintaining the Egyptian cultivars from deterioration.

RAPD — PCR analysis

Thirteen decamer RAPD primers (Table 2) were screened with the
DNA of the standard type Giza 90 and its off-types. Any fragment thought
to be artifact or difficult to be scored was not included in the data set. Ten
primers generated reproducible and scorable RAPD profiles. These
produced multiple band profiles with a number of amplified DNA
fragments ranging from 4 to 9 (Table, 4 and Figures, 1 three 4). The total
number of fragments produced by the ten primers was 67 with an average of
6.7 fragments / primer. While, the number of polymorphic fragments ranged
from 1 to 8. A maximum number of 9 amplicons was amplified with
primers OP-C09 and OP-D06, while the minimum number of fragments (4)
was amplified with primer OP-C01. The highest number of polymorphic
bands (8) was obtained with primers OP-C09 and OP-D06, which exhibited
the highest percentage (88.9 %) of polymorphism. However, the lowest
level of polymorphism was 20 % in primer OP-D12. Also, Table (4)
revealed that the total number of polymorphic amplicons obtained by the ten
studied primers was 44. This corresponds to a level of polymorphism of
65.7 % and an average number of polymorphic fragments / primer of 4.4. In
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Table 4.Total number of amplicons, monomorphic amplicons,
polymorphic amplicons and percentage of polymorphism as
revealed by RAPD-PCR analysis among the standard type

Giza 90 and its off-types.
. Total Monomorphic . % of
Primer number of amplicons | Poly m?rphlc polymorphic
amplicons amplicons
oP-Co1 4 2 2 50
OP-C02 7 2 5 71
OP-C05 6 3 3 50
OP-Co6 -7 -5 2 28.6
OP-C08 5 1 4 80
OP-C09 9 1 8 88.9
| OP-DO6 9 1 8 88.9
OP-DO9 .8 2 6 75
Oor-D12 3 4 -1 20
OP-M14 7 G 2 5 774
Total 67 123 44 65.7
Average 6.7 - 2.3 4.4

this respect, Tatineni et al (1996) studied the level of polymorphism among
19 cotton genotypes using 27 random primers and found that 33.8 % of the
primers revealed monomorphic patterns. On the other hand, working on 31
Gossypium species, three subspecies and one inter-specific hybrid, Khan et
al (2000) found that the level of polymorphism was 99.8 %. Moreover,
Hussein et al (2002) used 49 RAPD primers to investigate the genetic
diversity among 13 cotton genotypes and detected a level of polymorphism
of 304 %, Abd El-Salam et a! (2010) found 67 bands, 85% were
polymorphic among Giza 70 and its off-types as revealed by RAPD.

Specific markers for Giza 90 and its off-types by RAPD- PCR analysis

The data gained from the'RAPD- PCR analysis, differential between
off-type plants and the variety Giza 90 through the studied criteria. Some
molecular markers were detected for-5ome of the studied genotypes. When
the data of the used 10 primers were combined, complete identification was
obtained for the studied genotypes. Some of these primers were more
successful such as OP-C02, OP-C08, OP-C09, OP-D06, OP-D{9 and OP-
M14, where they generated a high number of RAPD markers, (Table 5). The
largest number of specific markers was generated by the two primers OP-
C09 and OP-DO06 (8 markers) while, the lowest number was generated by
primer OP-D12 (1 marker).
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Primer OP-D06 Primer OP-D09
Tig.3. DNA polymorphism based on (RAPD) analysis for the standard variety Giza 90 and its off-types against primers OP-
D06 and OP-D09, respectively.
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Fig4. DNA polymorphism based on (RAPD) analysis for the standard variety Giza 90 and its off-types against primers "-Dil
and OP-M14, respectively.
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As seen from Table (5), there were 44 specific markers for Giza 90
and its off-types scored and illustrated. These results indicated that the
RAPD- PCR exhibited different unique molecular markers, as previously
mentioned. For instance, primer OP-C08 could distinguish between Giza 90
S and its off-type plants by distinct bands at Mw of about 300 and 500 bp
for Giza 9, 400 bp for Giza 90 T and 650 bp for Giza 90 T>.

Table 5. Molecular specific markers and their MW for the standard
type Giza 90 and its off-types produced by different primers
of RAPD-PCR analysis.

prionotypes Giza 90 S Giza 90 T, Giza 90 T;
rimers
OP-CO1 250 () 500 () -
200 )
OP-C02 ) 500 () ggg ((+))
1000 (+)
00
OP-C05 ; ; 600 (+)
1000 ()
OP-C06 - - ;gg 23
OP-C08 ggg EI)L 400 () 650 ()
200 (+) ;‘0"3 ((+))
OP-C09 600 () 350 (4) 1000 ()
400 (+) 1100 ()
300 (+)
400 (+) 500 (4)
OP-D06 350 (1) 800 (+)
1000 (1)
200 ()
300 (+)
OP-DO0Y 10000 500 () )
750 (+)
800 (+)
OP-DI2 ; 000 T
400(¢)
OoP-M14 1200 () 800 (+) 300 ()
1000 ()

(+) : Positive marker, which is absent in all genotypes and present in one. '
(-) : Negative marker, which is absent in one genotype and present in all genotypes.
- : No marker detected. )
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Genetic distances

Genetic similarities among Giza 90 and its off-types based on RAPD
data are shown in Table (6) and dendrogram (Fig. 5). The highest similarity
was 73.6 % between Giza 90 S and Giza 90 T,, while Giza 90 was
genetically distant from Giza 90 T (similarity index 0f59.1 %).
From the dendrogram, utilizing RAPD analysis Fig (5) divided the three
genotypes into two main clusters. Giza 90 T, was in a separate cluster. The
second cluster included two cotton genotypes (Giza 90 S and Giza 90 T,)
with a similarity 73.6 %. Considering all the data gained in the present study
from the RAPD- PCR analysis it can be concluded that there was some
degrees of the genectic distances between the standard Giza 90 and its the
two off-types Giza 90 T and Giza 90 T, which were 40.9 % and 26.4 %,

respectively.

Table 6. Genetic similarity matrices among the standard type Giza 90
and its off-types as computed according to Dice coefficient

from RAPD.
Genotypes Giza90 S Giza 90 T, Giza 90 T,
Giza 90 s 100.0
Giza 90 T; 59.1 100.0
Giza 90 T, 73.6 682 . 100.0

The complete identification was obtained for data gained from the
RAPD analysis, yield components and fiber properties.

In general, from the previous resuiis, it could be concluded that the
source of Giza 90 off-type plants especially Giza 90 T, which remarkably
differed from the standard type Giza 90 for most studied characters, may be
a result of mixture by impure seeds, while the type Giza 90 T2 which exhibit
slight differences from the standard Giza 90 might be due to a late
segregation of out-crossing with impure seeds or effect of mutation. Also, it
could be conciuded that the existence of the off-type plants in the
commercial cultivar Giza 90 was dangerous and had very bad effects on the
varietal purity beside plant heterogeneity. These off-type plants had poor
yield characteristics and led to inferior fiber properties.
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Fig. 5. Dendrogram of the genetic distances between the standard variety Giza 90 and its off-types
based on RAPD analysis.
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