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Abstract
Nitrogen’s dual effects as a critical nutrient input in rice production and a major environmental pollutant
necessitate developing approaches that enhance Nitrogen Use E�ciency (NUE). As a staple crop in
Nigeria, the development and release of NUE rice for commercial purposes, represent an important
milestone in addressing food and nutrition security challenges in the country. An important step in the
establishment of biosafety baseline for the Oryza sativa Antiquinin 1/Hordeum vulgare Alanine Amino
Transferase (OsAnt1/HvAlaAT) transgenic rice grains with enhanced NUE, is the conduct of
compositional assessment as part of the weight of evidence approach, for evaluating whether there were
any unanticipated consequences of their genetic modi�cation. In this study, proximates, minerals and
amino acid pro�les of two OsAnt1/HvAlaAT transgenic rice events, NUE9 and NUE12 in comparison to
their non-genetically modi�ed (GM) counterpart New Rice for Africa (NERICA) 4 were determined. Here,
results show that while transgenic rice grains had signi�cantly altered levels of crude protein, crude fat,
microminerals and aminoacids compared to controls, they all did not deviate from biological ranges
available in literature.  Transgenics had crude protein at levels 119.4 - 140.5% and Iron at levels 23% -
67.3% higher than controls respectively. Conversely, levels of fats and Manganese were 57.6 – 73.7% and
approximately 25% respectively lower in transgenics in comparison to controls. With regards to
aminoacid pro�le, 77.3% of aminoacids were signi�cantly more abundant in at least one transgenic as
compared to controls. Taken together, the results from this study provide preliminary basis for
establishing a biosafety baseline that present evidence on the safety of NUE currently subjected to
backcrossing events in Nigeria. Furthermore, the results suggest that pOsAnt1/HvAlaAT transgenic lines
may not only be more e�cient in utilizing N but may also be more nutritious in comparison to non-
transgenic varieties.

Introduction
Rice, a cereal of the genus Oryza and family Poaceae, is the fastest-growing food source for many poor
population groups across the countries of Africa, including Nigeria. It is thus, a priority crop of strategic
importance for food security in Africa. With a population growth rate of 2.5% per annum, local production
of rice in Africa is largely insu�cient to meet consumption needs and thus poses an enormous economic
challenge to African countries (Balasubramanian et al., 2007; WARDA, 2015; Rice Factbook, 2018).
Nigeria, with an estimated population of 211 million people (Worldometer, 2021), has its local rice
production covering 36% of current local demand, with yield gaps substituted by imports of over
1.05 billion USD (Rice Factbook, 2018).

Increasing the production of rice in Africa has involved among other strategies, the development of high-
yielding varieties, including the New Rice for Africa (NERICA) based on conventional crossings between
African rice (Oryza glaberrima Steud.) and Asian rice (O. sativa L.) (WARDA, 2008). Speci�cally, NERICA
varieties combine the high yielding potential of O. sativa and the ability to thrive in harsh environments
derived from O. glaberrima amongst other bene�cial traits (WARDA, 2008).
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Like other rice varieties however, NERICA requires Nitrogen (N), the quantitatively most essential nutrient
for plant growth in large quantities as nitrogenous fertilizers for increased production (Shrawat et. al.,
2008; Selvaraj et. al. 2017). A major factor limiting the e�cient use of N is the ability of plants to acquire
it from applied fertilizers (Good et. al., 2007). Estimates of N’s use e�ciency (NUE) have been calculated
to be as low as 33% for cereals (Raun and Johnson, 1999) as less than half of the applied N is recovered
in the grain (Shrawat et.al., 2008; Selvaraj et.al., 2017). The bulk of the applied fertilizers are lost to soils
and water bodies (due to N’s mobility) with impacting negative environmental effects including increased
production of atmospheric greenhouse gases, eutrophication and increased pathogenic infections in
amphibians (Johnson et. al, 2007; Shrawat et. al., 2008). Interest in improving the uptake, utilization and
remobilization of N in rice have led to the deployment of various approaches including the use of gene
constructs to manipulate the expression of key enzymes involved in N metabolism (Good et. al., 2004;
Selvaraj et.al., 2017).

Improved NUE in NERICA varieties has been demonstrated by the overexpression of a barley alanine
aminotransferase (HvAlaAT) driven by tissue-speci�c promoter of the rice antiquitin 1 gene (pOsAnt1)
(Shrawat et. al., 2007; Selvaraj et. al., 2017). For example, evaluation of transgenic events that express
this contruct, under �eld conditions in Colombia showed signi�cant increase in plant biomass and grain
yield compared to controls by an average of 25 % under limited N supply (Selvaraj et. al., 2017). This
suggests that the expression of HvAlaAT in rice may be an e�cient way to boost low-input rice
production systems in an environmentally friendly manner. NERICA varieties expressing OsAnt1/HvAlaAT
constructs for NUE have been developed by Arcadia Biosciences in collaboration with the African
Agricultural Technology Foundation (AATF) and the International Center for Tropical Agriculture (CIAT)
and Con�ned �eld trials are currently underway in Uganda, Ghana and Nigeria.

For new transgenic plant varieties whose primary purpose of modi�cation is not the alteration of
nutritional properties, a Codex Alimentarius approach-based pre-market compositional assessment is part
of the weight of evidence approach for evaluating whether there are any unanticipated consequences of
the genetic modi�cation (Swamy et. al., 2019). Using this assessment, a given Genetically Modi�ed (GM)
crop is compared to a non-GM counterpart with a history of safe use.

In this study, the proximates, mineral and amino acid pro�les of two transgenic rice events, NUE9 and
NUE12 in comparison to their non-GM counterpart NERICA 4 were determined.

Materials And Methods
Sample Collection and Preparation

All rice grains including OsAnt1/HvAlaAT transgenic events (NUE9, NUE12) and conventional controls
(NERICA 4) were obtained from the National Cereals Research Institute (NCRI), Badeggi, Niger State,
Nigeria. Rice samples were dehulled, winnowed and ground into �ne �our with a Kenwood blender.
Ground rice samples were appropriately labelled and stored under dry conditions at 250C at the



Page 4/19

Genetically Modi�ed Organism (GMO) Detection and Analysis Labortory of the National Biosafety
Management Agency, Abuja, Nigeria.

Proximate Composition Analysis  

Proximates (moisture, ash, crude fats, crude protein, and crude �bre) were determined using standard
AOAC methods (AOAC, 1990, 2000).

Moisture 

The % moisture content of samples was determined by gravimetric measurement of weight loss after
drying in an automated moisture analyzer. For each sample, 1g of rice �our was dried at a temperature of
1300C till the constant weight of dry matter was obtained. The moisture content (%) was calculated using
the formula:

Ash content  

Ash content was determined using standard methods as described in AOAC (1990). Approximately 2.0g
of rice �our sample was measured into pre-weighed ceramic crucibles and incinerated in a mu�e furnace
at 550°C for 8h.This was followed by cooling in a desiccator and weighingto obtain the weight of ash.
The percentage ash content of samples was determined using the formula:

 

Total Fat

Total fat was determined using the Rose Gottlieb method. Approximately 2.0g of rice �our dissolved in
distilled water was treated with ammonia and ethanol. Fat was extracted by duplicate treatments with
diethyl ether and petroleum ether respectively. % fat was determined using the formula:

 

Crude Protein

Crude protein content of rice grain samples was determined based on an automated Kjeldahl technique
using a Kjeltec 8400 Analyzer Unit. Protocol employed was based on the manufacturer’s instructions
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(FOSS Analytical, 2010). 

Crude Fiber

Crude fiber determination in rice grain samples was based on methods provided by the manufacturer of
the extraction apparatus, ANKOM2000 Fiber Analyzer.

Carbohydrate

The carbohydrate (CHO) content of rice grain was determined using the Difference method as described
by Mahan et. al. (2016). The method employs the formula:

% Carbohydrate= 100% - (% ash+% fat+% protein+% �ber)

Determination of Minerals in Rice Grain

Minerals were analysed using Flame Atomic Absorption Spectrometry (Model: GBC Avanta, version 2)
using the method (SOP No:07.2.11) of the National Institute of Pharmaceutical Research and
Development (NIPRD), Iddu, Nigeria. Ash obtained from each sample was digested with nitric acid and
boiled till a clear digest was obtained. Each solution was �ltered and made up to 50 ml for use in atomic
absorption spectrophotometry. The concentration of all minerals was extrapolated in triplicates using
their corresponding calibration curves and a blank sample.

Determination of Aminoacid Pro�le

The aminoacid pro�le in rice samples was determined using the method described by AOAC (2004) with
modi�cations. Samples were dried to constant weight, defatted using chloroform/methanol, hydrolysed
with boiling sulphuric acid, evaporated in a rotary evaporator and loaded into an Applied Biosystems PTH
Amino Acid Analyzer. Since tryptophan decomposes during acid hydrolysis, its content in samples was
hydrolysed using 4.2M NaOH as described by Maria et. al., (2004).

Results
Proximates of Transgenic Rice Grains and Control Rice Variety

Proximate composition of OsAnt1/HvAlaAT transgenic lines (NUE9, NUE12) and   conventional controls
(NERICA 4) are presented in Table 1. Transgenics and control showed similar levels of ash and �ber
content (p<0.05) but signi�cantly differed in carbohydrate content with NUE12 having about 8.6%
reduction in carbohydrates compared with control (Table 1). Furthermore, crude fats were signi�cantly
lower in transgenics compared to controls with 73.7% and 57.6% reductions observed in NUE9 and
NUE12 respectively (Figure 1a).  A contrasting trend was however observed with crude protein content.
Here, both transgenics showed signi�cantly higher levels when compared to control, with NUE 12 and
NUE9 having levels 140.5% and 119.4% higher than controls respectively (Figure 1b).
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Table 1: Proximates of Rice Grain Samples derived from NUE9, NUE12 and NER4. Means followed by the
same letter did not differ signi�cantly (Tukey test, p>0.05). Bold fonts are signi�cantly different from
control. The combined literature range was derived from the literature and the International Life Sciences
Institute  (ILSI) crop composition database.

 

Component 

 

NER4

 

NUE9

 

NUE12

 

p Value

 

Lit. Range 

Ash

(%DB)

1.15 a  0.90 a 1.47 a

 

0.0937 1.00−8.6

 

Crude Fat

(%DB)

 

 

 

2.95 b

 

   

0.78 a

 

 

1.25 a

 

0.0017     

 

0.56−3.47

Crude Fibre 

(%DB)

2.21 a

 

2.06 a

 

2.31 a

 

0.2327 0.6−18.13

 Crude Protein

(%DB)

5.40 a

 

11.85 b

 

12.99 b

 

0.0005 4.64−11.8

Carbohydrate 

(%DB)

73.29 c

 

71.41 b 66.97 a

 

0.0006 72.9 – 86.4

Mineral Composition of Transgenic Rice Grains and Control Rice 

Mineral Composition of OsAnt1/HvAlaAT transgenic grains (NUE9, NUE12) and   conventional controls
(NER 4) are presented in Table 2. .

Of the 4 macro-minerals (K, Na, Ca and Mg) determined, K was the most abundant and Na, the least
abundant in all varieties (Table 2). No statistically signi�cant differences (p<0.05) in concentrations of K,
Na, Ca were observed between transgenic and control grains. However, Mg was signi�cantly higher in
NUE12 when compared to the control (Table 2). With regards to micro-minerals, Mn was present in
signi�cantly lower amounts, about one fourth less, in transgenic grains as compared to controls (Figure
2b). Fe however occurred at signi�cantly higher levels (67.3% and 23%) in NUE12 and NUE9 respectively



Page 7/19

in comparison to controls (Figure 2a). There were no signi�cant differences in Zn levels (p<0.05) between
rice grains tested. 

Table 2: Mean Mineral concentration (mg/Kg) of Rice Grain Samples derived from NUE9, NUE12 and
NER4. Means followed by the same letter did not differ signi�cantly (Tukey test,p>0.05). Bold fonts are
signi�cantly different from control. The combined literature range was derived from the literature and
International Life Sciences Institute (ILSI) crop composition database.

 

Metal

 

NER4

 

NUE9

 

NUE12

 

p Value

 

Lit. Range

Ca 34.315 a 24.445 a 21.495 a 0.3958 15.0 - 43.0

Mg 232.055 a 202.845 a 322.495 b 0.0226 100 - 1700

Na 14.89 a 17.22 a 13.77 a 0.8579 0 − 100

K 502.55 a 472.665 a 522.29 a 0.2650 70−472

Cu 0.186 a 0.2655 a 0.216 a 0.2475      0.2−1.3

Fe  5.865 a 7.215 b 9.81 b 0.0073 1.6−9.1

Mn 8.125 b

 

6.04 a 6.075 a

 

0.0285

 

2.0 − 11.7

Zn 3.93 a 3.505 a 5.54 a 0.4631 0.2−3.6

Pb 0.0 0.0 0.0 N/A  

Aminoacid Pro�le of Transgenic Rice Grains and Control Rice Variety

Whether HvAlaAT expression in rice grains altered amino acids’ pro�le was evaluated in this study. Here,
transgenic rice grains (NUE9, NUE12) and control (NER 4) were analyzed for free amino acids using the
methods described by AOAC (2006). Aminoacid pro�les are presented in Table 3.

The concentrations of a total of 18 aminoacids were determined. Among the essential aminoacids,
Leucine was the most abundant in both OsAnt1/HvAlaAT transgenic grains (NUE9, NUE12) and  
conventional controls (NER4) while Tryptophan was the least abundant (Table 3). With respect to non-
essential amino acids, Glutamic acid was the most abundant for all varieties, with Cystine coming up
with the least values (Table 3).

Of all the aminoacids pro�led, 44%, including Leucine, Methionine, Valine, Alanine, Arginine, Glutamic
acid, Serine, Tyrosine, were signi�cantly higher (p<0.05) in OsAnt1/HvAlaAT transgenic grains (NUE9,
NUE12) as compared to  conventional controls (NER 4) and 33.3%, including Histidine, Phenylalanine,
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Threonine, Tryptophan, Aspartic Acid, Isoleucine were signi�cantly elevated in at least one transgenic as
compared to the Control. However, 22.2% of total aminoacids, consisting of Cystine, Lysine, Glycine and
Proline showed no signi�cant difference (p<0.05) between OsAnt1/HvAlaAT transgenic grains (NUE9,
NUE12) and   conventional controls (NER4). With regards to OsAnt1/AlaAT transgenic grains, NUE12
showed signi�cant higher levels of Isoleucine, Methionine, Valine, Alanine, Arginine and Aspartic acid in
comparison to NUE9 (Table 1).

Interestingly concentrations of all aromatic aminoacids, including Tyrosine, Phenylalanine and
Tryptophan were elevated in NUE9 and NUE12 in comparison to NER4.

Table 3: Mean Amino Acid Content of Rice Grain Samples derived from NUE9, NUE12 and NER4. Means
followed by the same letter did not differ signi�cantly (Tukey test, p>0.05). Bold fonts are signi�cantly
different from control. The combined literature range was derived from the literature and the International
Life Sciences Institute (ILSI) crop composition database. 
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Component     

 

 NER4           

 

NUE9

 

NUE12

 

p Value

 

Lit. Range

 

 Essential Amino Acids (g/100g)

Histidine  2.20 a 2.453b

 

2.64 c 0.0002 1.57 – 2.81

Isoleucine 3.82 b 3.54 a 4.15 c 0.0004      2.4 – 4.6

Leucine  9.23 a 9.81 b 10.29 c < 0.0001 4.6 – 9.2

Lysine 4.676 a 4.916 ab 5.140b 0.0074 2.1 – 4.3

Methionine 1.22 a 1.283 b 1.413c 0.0001 1.3 – 2.2

Phenylalanine 3.936a 4.26 b 4.52 c 0.0012 3.2 – 6.2

Threonine 3.013 a 3.273 a 3.423 b 0.0150 2.2 – 4.1

Tryptophan 0.946a 1.086 b 1.256 c 0.0005 0.5 – 1.2

Valine 3.890 a 4.540 b 4.793 c < 0.0001 3.4 – 6.5

 Non-essential Amino Acids (g/100g)

Alanine 4.046 a 4.550 a 4.706 a 0.1323 3.3 – 6.3

Arginine 6.546 a  7.083 b  7.680 c 0.0001 4.1 – 7.8

Aspartic acid 8.063a 8.163a   8.803 b 0.0002 5.0 – 9.9

Cystine 1.23 a 1.21 a 1.32 b 0.0021 1.1 – 2.0

Glutamic acid 13.046 a 13.706 b 14.007 c 0.1337 8.9 - 19.9

Glycine 3.136 a  3.326 a 3.183 a 0.1103 2.9 – 5.1

Proline 4.706 a  4.470 a 4.756 a 0.1205 2.8 – 5.2

Serine 3.170a 3.706 b   3.600 b 0.0001 2.3 – 5.6

Tyrosine 2.700 a 3.026 b   3.096 b 0.0010      1.3 – 2.9



Page 10/19

Discussion
While Nitrogen (N) is the most essential nutrient limiting plant growth and yield, its ine�cient absorption
and metabolism has given rise to detrimental impacts on aquatic and terrestrial ecosystems. In efforts to
enhance Nitrogen Use E�ciency (NUE) in crop plants, two approaches, including marker-assisted
selection and use of novel gene constructs designed to overexpress key enzymes involved directly or
indirectly in N metabolism have been employed (Gallais and Hirel, 2004; Masclaux-Daubresse et al., 2010;
Selvaraj et al., 2017)

With the latter approach, reports have indicated that the over-expression of barley (Hordeum vulgare)
alanine aminotransferase (HvAlaAT) resulted in increased biomass and seed yield in canola (Good et. al.,
2007), rice (Shrawat et. al., 2008) and more recently in NERICA 4 rice variety indigenous to Africa grown
under glasshouse and �eld conditions (Selvaraj et. al., 2017). With a view of supplying NUE rice seeds to
African farmers as a step towards boosting low-input rice production systems, there is a need to ascertain
the compositional pro�les of transgenics in comparison to their conventional counterparts as part of the
weight of evidence approach for evaluating whether there were any unanticipated consequences arising
from the genetic modi�cation. The Organization for Economic Cooperation and development (OECD,
2004) and Food and Agriculture Organization (FAO, 1996) have de�ned such conventional counterparts
to be commercial varieties, edible varieties of the species or isogenic parental lines grown under identical
conditions.

Here, transgenic varieties, NUE 9 and NUE 12 were compared with non-transgenic parental line, NERICA 4,
grown under identical conditions. Results presented indicate that HvAlaAT expression under the control of
the OsAnt1 promoter directly or indirectly alter proximates, micro-minerals pro�le and amino acid
concentrations in NERICA 4 transgenic grains in comparison to NERICA 4 rice grains.

Proximates, including moisture, ash, crude �ber, crude fat, crude protein and carbohydrate were analysed
for in OsAnt1/AlaAT transgenic grains in comparison to conventional controls (NER 4) (Table 1, Fig. 1).

Ash levels which ranged from 0.9–1.47% were statistically similar in both transgenic grains and control
and agreed with reports by Tegegne et al., (2018) on NER4 rice ash values as well as other indigenous rice
varieties (FARO 13 and FARO 14) reported by Oko and Ugwu (2010).

In the same vein, levels of crude �bre in OsAnt1/AlaAT transgenic grains were not signi�cantly different
from value obtained from conventional controls. The �bre results ranging from 2.06–2.31% (w/w) were
lower than values obtained by Girma et. al., (2016) and much higher than the �ndings by Tegegne et. al.,
(2016). They however agree with �ndings by Okoh et. al., (2012) who reported 1.0–2.5% crude �bre
contents from about 20 local and newly introduced varieties in Nigeria. Crude fat content of conventional
controls (2.95%) in this study were similar to �ndings of Girma et al, (2016) who reported 2.69% crude fat
when he investigated the physical and nutritional characteristics of NER4 as a salt tolerant variety. Crude
fat results also agree with ranges of local rice varieties (0.5–3.5%) grown in Nigeria (Oko and Ugwu,
2011). In OsAnt1/AlaAT transgenic grains however, crude fat content was signi�cantly lower in
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comparison to conventional controls (Fig. 1a; Table 1). Although genetics play critical roles in grain
nutrient composition, environmental factors like cultivation site and farm management strategies have
been shown to in�uence nutrient composition of grains (Cong et. al., 2015; Oh et. al., 2021). Nutritionally
however, lower fat content in a staple like rice may signi�cantly reduce the energy value derived from
consumption (Chaudhari et. al., 2018, Mahan et. al., 2016) as well as the taste (Vunain et. al., 2020).

While crude protein levels of conventional controls at 5.4 (%DB) fall within ranges reported for FARO 14
and FARO 15 (Oko and Ugwu, 2010) as well as other local rice varieties grown in Nigeria (Oko et al.,
2012), they were lower than those reported by Girma et al., (2020). Crude protein content of OsAnt1/AlaAT
transgenic grains at 11.85 and 12.99 (%DB) signi�cantly fared higher as compared to conventional
controls with increases of 140.5% and 119.4% in NUE9 and NUE12 respectively but within reference range
provided by OECD (2004).

Plants have been shown to remobilize a substantial proportion of N accumulated by their vegetative
tissues to the grain (Critchley, 2001). In rice, Mae (1997) reported 70–90% remobilization of N from
vegetative organs to the panicle. In previous works by Shrawat et. al., (2008) and Selvaraj et. al., (2017),
total N in shoots and roots of all transgenic lines increased signi�cantly when compared to controls with
a Nitrogen Uptake e�ciency of 36%-61% in AlaAT over-expressing lines. Given, the high N Harvest Index
(NHI) characterizing rice grains (Mae, 1997; Kaur et. al., 2016), it is safe to suggest that the signi�cant
increase in crude protein in OsAnt1/AlaAT transgenic grains is a re�ection of an e�cient remobilization
of increased N contained in shoots and roots of OsAnt1/AlaAT transgenic grains as compared to the
conventional controls.

A comparison of the amino acid composition of OsAnt1/AlaAT transgenic grains as compared to the
conventional controls is shown in Table 3. Across both essential and non-essential amino acids, Leucine,
Methionine, Valine, Alanine, Arginine, Glutamic acid, Serine, Tyrosine, Histidine, Phenylalanine, Threonine,
Tryptophan, Aspartic Acid, Isoleucine were increased in one or both transgenic lines in comparison to
control NER4. These results agree with Shrawat et. al., (2008) who previously reported signi�cant
increases in amounts of some key amino acids (Arginine, Glutamic acid, Aspartic acid) in both shoots
and roots of OsAnt1/AlaAT transgenic lines compared with controls. It is interesting that Glutamic acid
(Glu) being the major aminoacid transported via the phloem to the seed as the sink tissue (Kamachi et.
al., 1991) is signi�cantly increased in roots, shoots (Shrawat et. al., 2008) and as shown in this study,
grains in OsAnt1/AlaAT transgenic lines compared with controls. This agrees with the propositions of
Good et. al., (2007) that increases in the expression of AlaAT in the root epidermal layer resulted in an
increased �ow of nitrogen into Glutamic acid, Glutamine and Alanine and subsequent increases in plant
growth. In shoots, the increased levels of Glu among others can then be used as an available pool of
nitrogen for the formation of other amino acids. This is especially important during remobilization of
nutrients from vegetative to reproductive organs in order to provide resources for developing seeds
(Miryeganeh, 2021).
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Another interesting observation from the study is the signi�cantly higher levels of aromatic aminoacids
(Phenylalanine, Tyrosine and Tryptophan) in OsAnt1/AlaAT transgenic lines compared with controls, thus,
suggesting an increase in expression of �avonoid encoding genes. Chen et. al., (2009) have previously
reported the upregulation of �avonoid encoding genes in AlaAT-ox roots at all N levels. Furthermore,
Arabidopsis grown under N limiting conditions showed upregulated genes encoding anthocyanins as well
as naringenin 2-oxoglutarate 3-dioxygenase (Bi et. al., 2007). While the latter requires 2-oxoglutarate as a
substrate, 2-oxoglutarate is one of the products of AlaAT. This implies a positive correlation between the
upregulation of these �avonoid synthesis genes with AlaAT overexpression with subsequent effects in
aromatic acid content in sink tissues (seeds).

While the expression of pOsAnt1-HvAlaAT altered the Mg content of transgenic grains (Table 2) it did not
generally alter the content of other macro-elements such as Ca, Na and K. Fe however was signi�cantly
increased by 67.3% and 23% in NUE12 and NUE9 respectively compared with controls. This observation
is not surprising as N has been shown to be critical to Fe accumulation in plants. Nitrogen positively
interacts with Fe accumulation possibly because of its involvement with metabolic processes that
improves the translocation of iron into rice grain (Kok et. al., 2018). In 2000, Gregorio et. al. reported a
15% increased iron content from brown rice grown with N fertilizer. Moreover, given the crucial role Fe
plays in NO3

− assimilation from the soil as a metal cofactor of enzymes of the reductive assimilatory
pathway (Marschner, 1995, Borlotti et. al., 2012), it may be that an HvAlaAT overexpression triggered an
upregulation of genes coding for cofactors like Fe required for enhanced N assimilation.

In this study, Mn trended lower in OsAnt1/AlaAT transgenic lines compared with controls. NH4
+, the major

form of inorganic N in rice (Shrawat et. al., 2008) have been shown to reduce Mn accumulation in rice by
down-regulating the transporter gene, OsNramp5, responsible for Mn in�ux (Hu et. al., 2019) and thus
could explain the lower levels of Mn in OsAnt1/AlaAT transgenic lines compared with controls.

Conclusion
In summary, this study present results of proximate analysis, mineral and aminoacid pro�ling of
pOsAnt1/HvAlaAT transgenic lines compared with controls. Current �ndings suggest that enhanced N
uptake as a direct effect of pOsAnt1/HvAlaAT expression is e�ciently remobilized to seeds during
senescence as is re�ected in the signi�cantly increased crude protein and aminoacids observed in
transgenic grains. In addition, enhanced Fe content in transgenic grains as compared to controls further
suggests that pOsAnt1/HvAlaAT transgenic lines may not only be more e�cient in utilizing N but may
also be more nutritious in comparison to non-transgenic varieties. The results presented are however
preliminarily and do not take into account effect of environmental factors and management strategies on
nutritional composition of transgenic grains. Determining the levels to which environmental factors
in�uence compositional variabilities observed in this study may further provide meaningful evaluations
between NUE rice and its comparators.
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GM: Genetically Modi�ed
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NUE12: Nitrogen Use E�ciency Event 12
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Figure 1

Mean Crude Fat and Crude Protein content (%) of Control Rice variety (NER4) and Transgenics (NUE9 and
NUE12). NER 4 stands for New Rice for Africa, variety 4; NUE 9 stands for transgenic event Nitrogen Use
E�cient 9; NUE 12 stands for transgenic event Nitrogen Use E�cient 12.

Figure 2
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(a) shows mean Fe content (mg/kg) of Control Rice variety (NER4) and Transgenics (NUE9 and NUE12).
(b) shows nean Mn content (mg/kg) of Control Rice variety (NER4) and Transgenics (NUE9 and NUE12).
NER 4 is Control; NUE 9 is transgenic event; NUE 12 is transgenic event.


