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Abstract

This study aims to compare some morphological features and physicochemical constituents of some natural cottonseeds
(Gossypium hir sutum) (non- transgenic), and some genetically modified (GM) (transgenic) cotton seeds. The non- transgenic
cottonseeds samples were collected from local markets in Sudan, while GM (transgenic) seeds were collected from some
governmental and private research centers, seeds were imported from China and some other countries. Phenotypic features and
proximate parameters of the two varieties were found somewhat similar, but some variations in the color, moisture, and ash
content were noticed. The weight of 1000 seeds was also reported. Different colors of the GM cottonseeds had reported. The
carbohydrate % content of non- transgenic seeds was 27.00+0.40, and it was 26.70+1.00 for the transgenic seeds; moisture %
contents were 10.87+0.10, and 7.90+1.10, respectively; ash contents % were 3.55+0.06, and 5.19+1.06. Comparing these
characterizations will help the farmers and the small agricultural companies to differentiate between organic and GM
cottonseeds by simple and more applicable methods. Although the research article is specific to a local Sudanese samples, it

gives good indications about the necessity of the subject which can be generalized world-wise.
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Introduction

Cotton (Gossypium hirsutum L.) is one of the essential
commercial annual crops widely cultivated in most regions
of the world . Sudan was one of the major players in the
world cotton trade for many years, mainly the crop is grown
in  Aljazeera  project in  Central Sudan [,
Gossypiumhirsutum species encompass 90% of cotton
world production B,

As Sudan is a party of many international conventions on
biosafety such as Cartagena Protocol on Biosafety (CPB),
and the Convention on Biological Diversity (CBD), Sudan
has developed a National Biosafety Framework (NBF),
which legalized the use of GM cotton seeds in Sudan . Bt
cotton variety named “Seeni 1” was commercially approved
by the Sudanese Authority in 2012 Bl. Seini is a Chinese Bt-
cotton genotype (G. hirsutum), it carries Cry 1A gene from
Bacillus thurengenesis (Bt), this gene codes for a toxin
against Lepidoptera larvae protecting the cotton crop against
bollworms 1. The area of genetically modified (Bt) cotton
cultivation was increased by three folds between 2012 and
2013 (overall increases of 129-166%) indicating the
positive experience of the farmer 21,

Genetically-modified cotton was introduced in 1996 [, the
global adoption rates for the cultivated GM cotton in 2013
reached 70%. In season 2000/2001, transgenic cotton
represents 12% of the total transgenic crop-area in the world
71 particularly in developing countries & . Martha et al.
(2018) [ reported that GM technology had reduced
chemical pesticide use by 37%, increased crop yields by
22%, and increased farmer profits by 68%.

GM foods were legalized in some countries and restricted in
others [ 12 regulated by the EU. In Europe (2014). Some
countries now have developed their own GM cotton hybrids
(Bt), such as China and India 3. India has adopted the

transgenic cotton cultivation, having different Crystal genes
(cry genes) isolated from soil bacterium Bacillus
thuringiensis (Bt) [, In India, commercial planting was
approved since the 2002/2003 season. By 2014, 96% of
cotton in the US were genetically modified varieties [*4,

As many benefits were gained by these modifications, the
benefits and the risk of GM technology adoption and their
effect on health remain controversial and a matter of debate.
Although the availability of genetic variation affects the
outcome of breeding programs of farmers and farming
companies %1, farmers select varieties with high seed oil
content according to phenotypic information [26:17]
Cottonseeds can be described using phenotypic
characteristics, i.e. using characteristics resulting from the
transgenic processes, these characteristics may be either
morphological or physiological. Many structural compounds
such as proteins, polysaccharides, and minerals were
expected to vary between the organic and the GM seeds .
However, the information concerning the genetic basis of
cottonseed contents (such as oil and protein) is still lacking
(81 The genetic association with seeds varieties must be
considered when looking for value-added seed properties.
Cotton seeds may be longer and finer, or shorter and thicker
according to the species and variety Bl The similarity of
phenotypic characters of cottonseeds varieties (natural &
GM) makes it difficult to differentiate between them [,
However, methods like physiochemical markers often can
be easier than DNA molecular markers technology for the
identification of the GM seeds from the practical point of
view, because they are easier and cheaper [9. The
complexity of the genetic analysis made it necessary to look
for an easier and applicable investigating methods to
differentiate the GM from the natural cottonseeds 21,
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As cotton is a main income source for farmers, they suffer
from the high costs of fertilizers and pesticides, that is why
they welcomed the growing of genetically modified cotton,
which reduces the high expenses.

The information reported in this research work may help in
optimizing management practices for best utilization of
these types of cottonseeds as renewable natural resources.
To that end, the main target of this study was to investigate
the presence of morphological or physiological differences
between natural cottonseeds used by Sudanese cotton
breeders, and some genetically modified cottonseeds
imported from some other countries. Although the study
uses local seeds (from Sudan) with seeds imported mainly
from China, the results of the study and its idea can be
applied globally.

Materials and Methods

For the procurement of samples, the natural cottonseeds
(non-transgenic) were acquired from the local market in
Omdurman city in Sudan, while the GM cottonseeds
(transgenic) were acquired from Shambat Research Centre,
and confirmed by the Sudan Ministry of Agriculture, and
experts of Shambat Research Center. About 500g of seeds
of each type had been brought for testing. Besides the
Chinese transgenic seeds (CN1), additional transgenic seeds
from India and Brazil had been tested for morphological
comparing purposes. The investigations had been carried in
the Sudan Customs laboratory — Khartoum. Standard AOAC
(2005) 2 methods were used for physiochemical analysis.
Three different samples were analyzed in duplicate.

Seeds were processed in a gravitational table to become
uniform in terms of density, seeds of different sizes were
compared .The solvent extraction method was used with
soxhlet reflux apparatus according to Akpan et al. (2006)
[22]

For morphological investigations, apparent features had
been noticed by the naked eye and were reported.
Dimensions of both seed types were measured, photos of the
two types had been documented and reported. Weight of
1000 Seeds (W1000S), (also called mass of thousand seeds,
MTS), was determined following the methodology
recommended by the ISTA (ISTA, 2013) 31,

The parameters studied in proximate analysis include
percentage of moisture, crude protein, and ash content, were
determined following standard methods of AOAC (2005)
211, Total carbohydrate content was calculated by difference.
For the crude protein content determination, ammonia
nitrogen (NHs-N) concentration in the incubation medium
was determined after centrifugation using Kjeldahl method
and expressed as mg/100 ml of incubation medium 4, The
fiber values were expressed exclusive of ash as per Goering
and Van Soest (1970) 1. For the determination of lipid
content, the reflection done by hexane as by Okonkwo &
Okafor (2016) 4. Calcium and phosphorus in both types of
cottonseeds were analyzed as per Talapatra et al. (1940) [6],

Results and Discussion

Results highlight the similarities, and the differences of
some morphological features (seeds from China, India, and
Brazil vs seeds from Sudan), and physiological
characteristics of transgenic cottonseeds (seeds from China
vs seeds from Sudan) (Gossypiumhirsutum L.), and non-
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transgenic cottonseeds (organic seeds) (seeds from Sudan).

Morphological features

The sample bulk contained seeds with different lengths and
thickness. The non- transgenic (Sudanese) seeds were
densely covered with white or rusty cotton layer before
treatment. Both the natural cottonseeds (Non-transgenic),
and transgenic ones were apparently oblong, and ovoid in
shape (egg-shaped), both types were very hard "stony" and
non-swelling. The GM (transgenic) cottonseeds had
approximately similar size and hardness as that of Non-
transgenic seeds, they were, in general, about 1 Cm long,
and half Cm wide {Table 1}. Our results were not far from
the 9.37 mm length, and 5.5 mm width of some native
species (Gossypium spp.) cottonseeds from Mexico, which
was reported by Pérez-Mendoza et al. (2019) #7,

Table 1: Ranges of lengths and widths of some transgenic, and
non-transgenic cottonseeds

Type Length range | Width range

Inidian (transgenic) 0.8-1cm 0.3-0.5cm

Brazilian (transgenic) 0.7-1cm 0.3-0.4cm

Chinese (transgenic) 09-1cm 0.4-05cm
Sudanese (non-transgenic) | 0.7-0.8cm | 0.4cm—4.5cm

When the hairs removed from the non- transgenic
(Sudanese) seeds, they had dark or dark brown natural color,
but the transgenic seeds had different colors, seems as
artificial coloring made to distinguish transgenic seeds from
Non-transgenic ones.

Krakhmalev (1991) @8 (by roentgenograms) reported high
microhardness of almost all constituent structural layers of
cottonseeds coat. Cottonseed hardness is clearly evident,
and maybe related to the chemical heterogeneity in the
structural elements of the germs and seed peel [?°1. Probably,
the presence of inhibiting substances in cotton seeds give
rise to the seeds become stony [,

Some studies assumed that the increased concentration of
various chemical elements in structural formations of the
seeds results in, for example, an abnormal jump of
microhardness in the zone of a so-called light-line 1. The
structural ~ features of  the  stony  cottonseeds
(Gossypiumhirsutum  L.) were studied deeply by
Krakhmalev (1991) 8. True dry matter degradability
(TDMD) of Bt and non-Bt cottonseeds observations
reported by Bertrand et al. (2005) 4 indicated the hardness
and rigidity of both cottonseeds varieties.

The masses of thousand seeds (MTS) were similar for all
tested varieties of the cottonseeds (range: 130-120g), it was
lower than MTS for some beans types reported by Zdzistaw
Kaliniewicz (2019) B2, and slightly higher than MTS of
sunflower seeds which reported by Marta Krajewska (2016)
33 However, the conventional measurement of the
variation in the characteristics of the seed has been difficult,
usually with biases and systematic errors, and more time-
consuming B4,

Figure 1. Shows a comparison between the shape and color
of the natural non- transgenic cottonseeds (from Sudanese
local markets), and the transgenic cottonseeds (from China).
While Figure 2. Shows comparisons between two other
transgenic cottonseeds types (from India and Brazil) used in
Sudan.
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Fig 1: Comparison between the shape and the color of the natural non- transgenic cottonseeds (from Sudanese local markets), and the
transgenic cottonseeds (from China).
A-1: Transgenic cottonseeds from China (before washing with water)
A-2: Transgenic cottonseeds from China (after washing with water)
B-1 & B-2: non- transgenic cottonseeds (natural seeds from Sudan)

A-1
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Figure 2. Comparison between two other transgenic cottonseeds types (from India and Brazil) used in Sudan.
A-1: Transgenic cottonseeds from India (red - colored)
A-2: Transgenic cottonseeds from India (black - colored)
B-1: Transgenic cottonseeds from Brazil

Physiochemical analysis

The results of the present study revealed that most of the
physiochemical characteristics of the natural organic
cottonseeds (Non-transgenic) were almost similar to those
of the cottonseeds brought from Research Centers (GM
seeds) (transgenic), with some variations in the moisture and
ash contents. {Table 2.}

Table 2: Comparison of the proximate compositions and mineral
content of Transgenic and Non-transgenic cottonseeds
(gossypiumhirsutum)

Parameter NatL_JraI Non- Transgenic
transgenic cottonseeds | cottonseeds
Moisture 10.87 +£0.10 7.90+1.10
Ash 3.55 +0.06 5.19+ 1.06
Crude protein 26.87 £ 0.03 27.0+0.90
Lipid 25.88 £ 0.65 25.00 £1.05
Total carbohydrate 27.00 £ 0.40 26.70 £ 1.00
Calcium 0.26 0.25
Phosphorus 0.40 0.42

Each data is mean of three replicates + standard deviation (SD)

The similarity in physiochemical characteristics of Sudanese
and Chinese cottonseeds (regardless of their transgenic
situation) was confirmed by the similarity of their
constituents reported in this study. However, the variations
in the moisture and ash contents between (Non-transgenic)

and GM (transgenic) seeds may be due to different
circumstances such as storage periods and the maturity
stages of each seed type, regardless of their transgenic
situation. However, our results of moisture content are not
far from Krakhmalev (1991) @8 results which was 8-10%
moisture of mature natural cottonseeds. The storage
temperature may affect seeds moisture range, seed size,
volume, and 1000 seed weight 331, furthermore, resistance to
fracture decreased with an increase in moisture content [361,
Our results of the similarity of the crude protein content of
the natural cottonseeds and the transgenic cottonseeds;
Calcium level; and Phosphorus level, confirmed the results
reported by Mohanta (2011) B who report 26.7% and
27.0% of crude protein in the Bt cottonseeds and Non-Bt
cottonseed, respectively; and were in accordance with
Okonkwo and Okafor (2016) 41 who reported 27.27+0.03%
of crude protein, while mean protein content of 38.0% were
observed among some genotypes of cottonseeds 281,

Results of the total carbohydrate content of both transgenic,
and non-transgenic seeds were lower than the 30.49%+0.4
carbohydrate content of the natural (non-transgenic) seeds
reported by Okonkwo and Okafor (2016) 241,

Our results of the Lipid content were closer to the results of
Okonkwo and Okafor (2016) 4 studies which reported
27.83%+0.35 natural cottonseeds oil content, and they were
lower than results reported by Yan (2010) B of 31.33% oil
content of natural cottonseeds. Jana Orphal (2005) 8 found
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average crude oil 31.0%, and total fat contents varied from
23.11 to 37.70%.

Our results of the similarity of physiochemical composition
between transgenic and Non-transgenic whole cottonseeds
were corresponding with results of Mohanta et al. (2011) 7
studies, and within the range described by Mujahid et al.
(2000) ™0 for some South Asian cottonseeds. Our results
about comparing Bt and non-Bt cottonseeds were very
closed to the findings obtained by Kumar and Singhal
(2004) 1 and Bertrand et al. (2005) B4, We found similar
Calcium and Phosphorus content in both types of whole
cottonseeds, the same results were obtained by Mohanta et
al. (2011) B who found similar minerals’ contents in both
types of cottonseeds (Bt & non-Bt), and they found that both
types of cottonseeds — either contains Cry protein or not -,
were having similar degradability for dry matter and organic
matter. However, the studies of Bertrand et al. (2005) 34,
and Kumar and Singhal (2004) ¥ had found only minor
variations in the chemical composition between the
transgenic cottonseeds and their near-isogenic counterparts,
indicating a similar feeding values of both varieties. Our
results may confirm the fact that the genetic modification
does not affect the morphological features of cottonseeds.
The pronounced differences may also be detected to check
varietal identity and provides a great advantage to seed
users, since it could be done by a cheap and simple
technique, and it is possible to have test results without
planting a posteriori control seeds, in addition to the
analysis of other phenotypic characteristics.

Moreover, if performed under standardized conditions,
phenotype will reflect the genotype interactions.
Nevertheless, to make it possible to distinguish varieties
with accuracy, this technique requires several markers,
shape, weight, and rigidity, that are sufficiently uniform for
these characteristics. Today, this technique is used for some
crops, such as maize.

Further studies are needed to evaluate the applicability,
rapidity and reliability of methods that enable differentiating
natural (non-transgenic) cottonseeds from the GM
(transgenic) seeds, such as seed protein electrophoresis
techniques, and techniques of cotton seed radiography for
determination of the seed hardness. However, these
pronounced differences between the transgenic and non-
transgenic seeds of the same genetic background should be
verified in further pair-wise studies. Developing new simple
analytical techniques may help farmers to differentiate the
natural cottonseeds from the GM seeds.

Conclusion

The studied Cottonseeds (gossypiumhir sutum) showed
almost similar phenotypic features and physiochemical
properties within the two types of seeds, the natural (Non-
transgenic) and the genetically modified (transgenic) seeds,
suggesting a difficulty in the differentiation approach. The
apparent colors of the seeds, and some differences in Ash
and moisture levels remain the characteristics that enables
the differentiation between the two cottonseeds types. The
knowledge of the phenotype of seeds may allow the
identification of the cotton seeds condition either genetically
modified or natural seeds. Our results may confirm the fact
that the genetic modification does not significantly affect
the morphological features of cottonseeds. These results
may help farmers for the best utilization of these types of
cottonseeds as renewable natural resources.
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