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تأثیر الجین المسؤول عن نشاط أنزيم اختزال النترات على جودة التراكیب الوراثیة للخس من حیث خفض محتواھا من النترات

خالد بن ناصر الرضیمان

 الخلاصة: درست الاختلافات الوراثیة بین سلالات الخس التي تنتمي إلى أربعة مجموعات ھي (مجموعة الخس ذات الأوراق

 الدھنیة , مجموعة الرومین , مجموعة  ذات الأوراق الخشنة و مجموعة  الخس الساقي) بالنسبة لمحتواھا من النترات وعلاقتھا

السلالة أن  النتائج  وأظھرت  النترات.  اختزال  إنزيم  نشاط  عن  المسؤول  مجموعة 'Lobjoit's Green' بالجین  إلى  تنتمي   التي 

 الدھنیة , مجموعة الرومین , مجموعة  ذات الأوراق الخشنة و مجموعة  الخس الساقي) بالنسبة لمحتواھا من النترات وعلاقتھا

السلالة أن  النتائج  وأظھرت  النترات.  اختزال  إنزيم  نشاط  عن  المسؤول  مجموعة 'Lobjoit's Green' بالجین  إلى  تنتمي   التي 

 الدھنیة , مجموعة الرومین , مجموعة  ذات الأوراق الخشنة و مجموعة  الخس الساقي) بالنسبة لمحتواھا من النترات وعلاقتھا

 'Augusta and Kennedy' الرومین كانت اقل تركیز للنترات في الأوراق (4877.7 ) و سجل أعلى تركیز للنترات في أوراق سلالات

السلالة أن  النتائج  وأظھرت  النترات.  اختزال  إنزيم  نشاط  عن  المسؤول  مجموعة 'Lobjoit's Green' بالجین  إلى  تنتمي   التي 

 'Augusta and Kennedy' الرومین كانت اقل تركیز للنترات في الأوراق (4877.7 ) و سجل أعلى تركیز للنترات في أوراق سلالات

السلالة أن  النتائج  وأظھرت  النترات.  اختزال  إنزيم  نشاط  عن  المسؤول  مجموعة 'Lobjoit's Green' بالجین  إلى  تنتمي   التي 

 و التي إلى 'Little Gem' التي تنتمي إلى مجموعة الخس ذات الأوراق الدھنیة. و كان تركیز النترات عالیا في جذور السلالة

السلالتین كذلك في جذور  و  الرومین  الأوراق 'Augusta and Merveille Des Quatre Saisons' مجموعة  إلى مجموعة   التي 

 الدھنیة. و كان تركیز النیتروجین في السلالات التي تنتمي الي مجموعة الخس ذات الأوراق الدھنیة و مجموعة الخس ذات

 الأوراق الخشنة أعلي من السلالات التي تنتمي الي مجموعتي الرومین و الخس الساقي. و أيضا كانت ھناك علاقة معنوية جدا

 الدھنیة. و كان تركیز النیتروجین في السلالات التي تنتمي الي مجموعة الخس ذات الأوراق الدھنیة و مجموعة الخس ذات

 الأوراق الخشنة أعلي من السلالات التي تنتمي الي مجموعتي الرومین و الخس الساقي. و أيضا كانت ھناك علاقة معنوية جدا

 الدھنیة. و كان تركیز النیتروجین في السلالات التي تنتمي الي مجموعة الخس ذات الأوراق الدھنیة و مجموعة الخس ذات

 (0.82) بین تركیز النترات في الاوراق و تركیز النیتروجین. وكشف عن وجود الجین المسؤول عن نشاط إنزيم اختزال النترات في

 Ambassador, Bath, Merveille des Quatre, Romain de Benicardo, Colona  سلالات الخس حیث وجد الجین  في سلالات

and Chinese stem باستخدام دلیلین جزيئین متخصصین و كانت ھذه السلالات منخفضة في تركیز النترات في الأوراق مقارنة 

 التي تنتمي  "Salddin" التي تنتمي إلى مجموعة الخس ذات الأوراق الدھنیة و السلالة  "Augusta and Kennedy"  بالسلالات

 الي مجموعة الخس الخشن. وبناء عن ھذه النتائج، يمكن استنتاج إلى  أن الجین المسؤول عن نشاط إنزيم اختزال النترات يفید

.في حصر التراكیب الوراثیة للخس لخفض محتواھا من النترات

ABSTRACT:   Genotypic variation in nitrate concentrations of different lettuce genotypes belonging to four types (Butterhead, 
Cos/Romaine, Crisphead, and Stem lettuce) and its relationship to nitrate reductase genes (Nia)Cos/Romaine, Crisphead, and Stem lettuce) and its relationship to nitrate reductase genes (Nia)Cos/Romaine, Crisphead, and Stem lettuce) and its relationship to nitrate reductase genes (  for low nitrate concentrations 
of leaves was investigated. The results showed that the Romaine genotype ' Lobjoit's Green' exhibited the lowest leaf nitrate 
concentration (4877.7 mg/kg dry weight). The highest nitrate levels were recorded in the Butterhead genotypes 'Augusta 
and Kennedy'.  Nitrate concentrations in the roots were significantly higher in the Romaine genotype ' Little Gem' and the 
Butterhead genotypes 'Augusta and Merveille Des Quatre Saisons' than the other lettuce genotypes. Total N concentrations 
were higher in the Butterhead and Crisphead genotypes than in the Romaine and Stem lettuce genotypes. A significant 
positive association (r = 0.80, p > 0.01) was observed between leaf NO - concentrations and total N concentrations. Moreover, 
gene-specific primer pairs for amplification of nitrate reductase revealed the presence of the gene (Niagene-specific primer pairs for amplification of nitrate reductase revealed the presence of the gene (Niagene-specific primer pairs for amplification of nitrate reductase revealed the presence of the gene ( ) in Butterhead type 
(Ambassador, Bath, Merveille des QuatreSaisons), Cos/ Romaine type (Romain de Benicardo genotype), Crisphead type 
(Colona genotype), and Stem lettuce type (Chinese stem genotype). These genotypes showed lower leaf nitrate concentrations 
than the other Butterhead genotypes "Augusta and Kennedy" and Crisphead genotype "Salddin" which did not amplify with the 
Nia gene.  Based on these results, it is concluded that the gene-specific primer pairs for amplification of nitrate reductase gene 
(Nia(Nia( ) might be useful in screening lettuce breeding material for low leaf nitrate content. 

Introduction
Concerns about high nitrate levels in vegetable 
production have led to the  introduction of limits on 
nitrate concentrations in some salad crops (Anon., 

2001; Escobar-Gutierrez et al., 2002). Among 
vegetable crops, lettuce, along with spinach, is 
routinely ranked as one of the highest accumulators of 
nitrate NO - (Lorenz, 1978; Al-Redhaiman, 2000).
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Differences in the capacity to accumulate NO -

among lettuce types (Crisphead, Butterhead, Romaine, 
Leaf) and their respective genotypes and cultivars are 
well documented (Reinink and Groenwold, 1988; 
Reinink, 1991). It has been shown that Crisphead 
cultivars contain higher NO - than other lettuce types 
(Maynard et al., 1976). Escobar-Gutierrez et al. (2002) 
found that nitrate concentration showed not only great 
variability between cultivars in general, but also 
between the main lettuce types and between cultivars 
within the Butterhead type as well. 

Genotypic and species differences in -

accumulation may be related to differences in various 
physiological processes of nitrogen metabolism in 
plants, including uptake, reduction/assimilation, 
and translocation/partitioning (Al-Redhaiman, 
1996). Cultivars can vary in efficiency of nitrogen 
assimilation, and accumulation of - may be 
associated with a reduced capacity for - reduction 
and a low nitrate reductase activity (NRA) (Goodman, 
1979). 
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Materials and Methods
Seeds of eleven lettuce genotypes belonging to 
the types Butterhead (Ambassador, Augusta, Bath, 
Kennedy, and Merveille Des Quatre Saisons), Cos/
Romaine (Little Gem, Lobjoit's Green, and Romaine 
de Benicardo), Crisphead (Colona and Salddin), and 

Stem lettuce (Chinese stem) were introduced from 
Horticulture Research International, Wellesbourne, 
Warwick CV35 9EF, UK.  Seeds of each genotype 
were germinated in a mixture of peat moss and 
vermiculite (1:1 v/v) at the greenhouse of the College 
of Agriculture and Veterinary Medicine, Al-Qassim 
University, Saudi Arabia.

The seedlings of each genotype were produced in 
mesh pots supported by the pot rims, in PVC channels 
approximately 14 days after germination. Plants were 
spaced at 19 cm within the rows. 25 liters of aerated 
nutrient solution were used for supplying two channels 
in which the nutrient solution was re-circulated. 
Four re-circulating hydroponics systems were used 
as replicates. The nutrient solution consisted of Ca 
(NO ) , 0.575; KNO , 0.331; Mg (NO )  .7H O, 
0.219; KH PO , 0.0828 and K SO , 0.1466 (g/L). 
The micro nutrients were supplied to this solution 
as Fe-EDDHA 16; MnSO .7H O, 2.44; H BO , 
0.68; ZnSO .7H O, 0.176; CuSO .5H O, 0.156 
and (NH ) 6MO O , 0.148 (mg/L). The nutrient 
solution was changed weekly. The level of solution 
NO - was monitored daily, and was replenished back 
to its original concentration with KNO  when the 
concentration of NO - fell below one-half of its initial 
level. The EC of nutrient solution was about 2.5 dS/m. 
The pH of the solution was maintained between 5.8 
and 6.2 by adjustments with nitric and phosphoric 
acids (3:1 v/v).

After 75 days of growth, three plants of each 
genotype were randomly chosen from each replicate. 
The samples of leaves and roots were oven dried at 
70oC then ground in a blender and stored in glass vials 
for NO - and total N determinations. Nitrate contents 
of leaves and roots of each genotype were determined 
by nitration of salicylic acid (Cataldo et al., 1975) and 
the results expressed as mg NO -, per kg dry weight. 
Tissue total N was determined using a modified micro-
Kjeldahl digestion procedure (Nelson and Summers, 
1980).

Total genomic DNA of lettuce genotypes was 
extracted using the cetyltrimethyl-ammonium bromide 
(CTAB) method described by Hoisington et al. (1994). 
Each sample (0.5 g) of leaf tissue was transferred 
to a tube containing 10 ml of extraction buffer (1.5 
M NaCl, 100mM Tris-HCl pH 8, 20 mM EDTA, 1% 
CTAB). The samples were incubated for 2 hours at 
65oC with occasional mixing. Following incubation, 5 
ml of chloroform/isoamylalcohol (24:1) was added to 
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the tubes, mixed, and centrifuged at 2600 g for 10 min. 
The aqueous phase was removed to a fresh tube and 
an equal volume of ice-cold isopropanol was added, 
followed by centrifugation as above to precipitate 
the DNA. The pellet was washed in 70% ethanol 
and dissolved in TE buffer (10mM Tris-HCl, pH8.0, 
0.1mM EDTA).

Gene-specific primer pairs for amplification of 
the nitrate reductase gene (Nia) were as follows: 
forward primer, 5'-GGTAGGCGATTGGCTAACA
TTGTCTGC-3'; and reverse primer 5'-GAGACAC
CAACAGTCTTTCCTCTGCG-3' (Sherameti et al., 
2002). Amplification was carried out in 25 µl reaction 
volumes, containing 1X Taq polymerase buffer (50 
mM KCl, 10mM Tris, pH 7.5, 1.5 mM MgCl2) 
and 1 unit of Taq polymerase (Pharmacia Biotech, 
Germany) supplemented with 0.01% gelatin, 0.2 
mM of each dNTPs (Pharmacia Biotech, Germany), 
25 pmol primer, and 50 ng of total genomic DNA. 
Amplification was performed in a thermal cycler 

(Thermolyne Amplitron) programmed for 1 cycle of 
30s at 94oC; and 40 cycles of 1 min at 94oC, 1 min at 
63oC, and 1 min at 72oC; followed by 5 min at 72oC. 
An aliquot of 10 µl from each reaction product was 
resolved by electrophoresis on 1.5% agarose gel in 
1X TAE buffer, stained with ethidium bromide, and 
visualized with UV light. 

Data were statistically analyzed by using a 
randomized complete block design with four replicates 
through Student-Keul's Test according to Sendecor 
and Cochran (1980). The least significant differences 
were used to compare means at the 5% level. Linear 
association between total N of plant tissue and leaf 
nitrate concentrations was determined.

Results and Discussion
Leaf nitrate concentrations showed significant 
differences (P < 0.05) among lettuce genotypes (Fig. 
1). The Romaine genotype 'Lobjoit's Green' exhibited 
the lowest leaf nitrate concentration (4877.7 mg/kg 

Figure 1: NO3- concentrations in leaves of eleven lettuce genotypes. Vertical bars show standard errors of four 
replicates. 
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dry weight). The Stem genotype 'Chinese stem', 
the Buterhead genotype 'Bath', and the Romaine 
genotypes 'Romaine de Benicardo' and 'Little Gem' 
also showed lower nitrate concentrations than other 
genotypes. The highest nitrate levels were recorded 
in the Butterhead genotypes 'Augusta and Kennedy'. 
It was recognized that lettuce genotypes can differ in 
nitrate accumulation (Behr and Wiebe, 1988; Reinink, 
1992; Belligno et al., 1996). Regarding within 
Butterhead genotypes, 'Bath' showed a lower nitrate 
concentration than the other Butterhead genotypes. 
Therefore, for nitrate concentration a high variability 
was found, not only among genotypes in general, but 
also between the lettuce types, and among genotypes 
within the Butterhead group (Escobar-Gutierrez et al., 
2002).  

In the roots of lettuce genotypes, the Romaine 
genotype 'Romaine de Benicardo' exhibited the lowest 
nitrate concentration (4000 mg/kg dry weight) (Fig. 
2). Nitrate concentration in the roots was significantly 
higher in the Romaine genotype 'Little Gem' and the 
Butterhead genotypes 'Augusta and Merveille Des 
Quatre Saisons' than other lettuce genotypes. It may be 
noted that the Romaine genotype 'Little Gem' showed 
a low nitrate concentration in the leaves. This might 
indicate that the Romaine genotype 'Little Gem' can 
store a large portion of absorbed material in the roots 

thus translocating less NO - to leaves. Al-Redhaiman 
(2000) reported that lettuce genotypes can accumulate 
NO - to different levels due to their differential 
translocation or partitioning characteristics.            

Significant differences (P < 0.05) in total nitrogen 
concentrations as a percentage among lettuce 
genotypes were found (Fig. 3). In general, total 
N concentrations were higher in the Butterhead and 
Crisphead genotypes than in the Romaine and Stem 
lettuce genotypes. This confirms the findings of Al-
Redhaiman (1996) that total N concentrations were 
higher in the Butterhead cultivars than in the Romaine 
type.

Correlation analysis was performed for the overall 
dataset to establish whether there was a significant 
relationship between total N concentrations of plant 
tissues and leaf nitrate concentrations. A significant (p 
< 0.01) positive association (r = 0.80, p < 0.01) was 
observed between leaf NO - concentrations and total 
N concentrations. Genotypes such as Lobjoit's Green 
and Chinese stem were characterized by the lowest 
genotypes of leaf nitrate concentrations and total 
N concentrations. On the other hand, the Butterhead 
genotypes 'Augusta and Kennedy' were characterized 
by the highest genotypes of leaf nitrate concentrations 
and total N concentrations. A positive and significant 
correlation between leaf NO - concentrations and total 

Figure 2: NO3- concentrations in roots of eleven lettuce genotypes. Vertical bars show standard errors of four 
replicates. 
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N concentrations was also reported by Al-Redhaiman 
(1996) and Gent (2003). In general, total N in the 
plants results from accumulated N uptake. Therefore, 
variation in leaf nitrate concentrations in lettuce 
genotypes may be attributed to differences in nitrate 
uptake (Behr and Wiebe, 1992; Al-Redhaiman, 2000).  

The nitrate reductase gene (NiaThe nitrate reductase gene (NiaThe nitrate reductase gene ( ), which is 
responsible for the nitrate reductase activity, was 
amplified from Butterhead type (Ambassador, Bath 
and Merveille des Quatre Saisons genotypes), Cos/ 
Romaine type (Romain de Benicardo genotype), 
Crisphead type (Colona genotype), and Stem lettuce 
type (Chinese stem genotype). The amplification of 

the Nia gene of these genotypes yielded one fragment 
of approximately 800bp (Fig. 4). On the other hand, 
the Nia gene was not amplified in PCR from other 
genotypes. It was interesting to note that the Butterhead 
genotypes 'Ambassador, Bath and Merveille des 
Quatre Saisons' had the nitrate reductase gene (Nia) 
and showed low leaf nitrate concentrations. However, 
the other Butterhead genotypes 'Augusta and Kennedy' 
exhibited the highest leaf nitrate concentrations and 
did not amplify with the Nia gene. Moreover, the 
Romaine genotype 'Romaine de Benicardo' was 
amplified with the Nia gene and showed low nitrate 
concentrations in the leaves and roots. Therefore, the 
low nitrate content in lettuce might be due to the nitrate 
reductase gene (Niareductase gene (Niareductase gene ( ). Al-Redhaiman (1996) suggested 
that genotypic differences in NO - accumulation 
in lettuce are not exclusively the result of cultivar 
differences in NO - uptake and reduction, but may also 
involve other factors related to NO - metabolism, such 
as nitrate reductase activity. The total nitrate reductase 
activity is regulated comparably to the expression of 
the nitrate reductase genes (Sharameti et al., 2002). 
Curtis et al. (1999) concluded that the presence of 
the nitrate reductase gene (Niathe nitrate reductase gene (Niathe nitrate reductase gene ( ) in transgenic lettuce 
was confirmed by nitrate reductase enzymatic assay, 
a reduction in the nitrate content of leaves and by 
Southern hybridization.

Figure 3. Nitrogen percent in plant tissues of eleven lettuce genotypes. Vertical bars show standard errors of four 
replicates. 

Figure 4. Agarose gel of amplified nitrate reductase 
gene (Niagene (Niagene ( ) from eleven lettuce genotypes (left to right) 
Ambassador (L1), Augusta (L2), Bath (L3), Romaine 
(L8), Colona (L9), Kennedy (L4), Little Gem (L6), 
Lobjoit's Green (L7), Saladin (L10), Merveille (L5), 
and Chinese stem (L11). 
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The work presented in this paper illustrates that 
sensitive specific PCR assays represents a valuable and 
a new tool for screening lettuce breeding material for 
low nitrate content which will be a major objective in 
lettuce breeding programs to limit nitrate concentration 
in salad crops. This could be of great importance since 
high nitrate concentration can be toxic and may cause 
illness or even death in humans. 
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