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Cloning and sequence variation analysis of candidate genes involved in
nitrogen metabolism in potato (Solanum tuberosum)
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ABSTRACT

Objective of this study was to isolate, sequence and analyze variations in candidate genes involved in nitrogen (N)
metabolism in potato (Solanum tuberosum L.) for future breeding application. Two contrasting potato varieties, viz.
Kufri Gaurav (N efficient) and Kufti Jyoti (N inefficient) were used. Of the total 17 PCR primers tested for N metabolism
genes in the both varieties and only 12 distinct bands were cloned and sequenced, which were amplified by six primers
of five genes (nitrate transporter-NRT, ammonium transporter-AMT, nitrate reductase-NR, nitrite reductase-NIR and
asparagines synthetase-AS). Following sequence analysis, non-redundant sequences with uninterrupted open reading
frames of 12 ‘N-homologous genes’ were identified to the known N metabolic pathway genes. Thus, the identified
12 N-homologous genes may serve as an important genomic resource for novel gene/marker discovery and would be
useful for marker-assisted selection (MAS) in potato with better nitrogen use efficiency (NUE).
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Nitrogen (N) is the most important nutrient for plant
growth and development. High N requirement, shallow
root system and irrigated cultivation of potato (Solanum
tuberosum L.) increase the chance of nitrate leaching
and contamination to the groundwater and thus degrade
soil health (Ospina et al. 2014). Therefore, enhancing
nitrogen use efficiency (NUE) of potato is essential for
its sustainable cultivation. Potato NUE involves complex
interactions among various physiological processes such
as N uptake and its assimilation/utilization by potato plant.
Substantial genetic variation for NUE has been observed
in potato (Zebarth et al. 2004, Ospina et al. 2014). With
the advancement of genomics and NUE research in other
plants like Arabidopsis, rice, wheat and maize, very
recently a holistic view for improving NUE in potato has
been presented by Tiwari et al. (2018) and also discussed
genomics approaches (Tiwari et al. 2017). However, nitrogen
metabolism has been meagrely studied in potato, and it
was mostly focussed on agronomic management. A few
reports on measurement of N sufficiency by gene expression
analyses of N metabolism genes are available (Tiwari et al.
2014, Zebarth et al. 2012, 2011; Li ez al. 2010).
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Previous studies at our institute have shown that Kufri
Gaurav is N efficient potato variety, whereas cv. Kufri
Jyoti is N inefficient one. Higher N use efficiency in Kufti
Gaurav is probably due to better utilization capacity of
absorbed N than in Kufti Jyoti (Trehan 2009, Trehan and
Singh 2013). However, knowledge about genes involved
in the N metabolism and their sequence variation remains
elusive. Therefore, objective of this study was to isolate,
clone and analyze sequence variations in the candidate
genes involved in the N metabolism.

MATERIALS AND METHODS

Two Indian potato varieties, viz. Kufri Gaurav (N
efficient) and Kufri Jyoti (N inefficient) were grown in the
earthen pots (in duplicates) and leaf tissues were used for
this study. Total genomic DNA was isolated from the leaf
tissues using DNeasy plant mini kit. DNA was quantified
using NanoDrop 2000 spectrophotometer, and quality was
checked on 1% (w/v) agarose gel. Seventeen primer-pairs
were tested for the N metabolism-associated genes (NRT,
AMT, NR, NIR, AS, glutamate dehydrogenase-GDH, and
glutamine synthetase-GS) to amplify the genomic DNA of
samples with annealing temperature (Ta) as shown in Table
1. The PCR reaction was prepared using Taq PCR core
kit in a total volume of 25 pl consisted of 50 ng of DNA
template in 1x PCR buffer (contained 15 mM MgCl,), 200
uM dNTP, 0.5 uM of each primer (forward and reverse)
and 1 U of Taq polymerase. The PCR was performed in
a Veriti Thermal Cycler following procedure of an initial
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Summary of nitrogen metabolism-associated genes and primers used for PCR amplification in potato varieties

Crop  Primer Sequence (5'—37)

Annealing N metabolism pathways Gene ID
temp (Ta) gene

Potato PgNRT1304 F: GGATCACCGGGGAGTTCTAT
R: TTGGTGTCAAATTTGGTGGA
Potato PgAMT9775 TTTGCAGCAGTCCTTGTTTG
GCCAATACACCTGCCAGAAT
Tomato LeAMT1-3 GCTGGTTCTGTTAGGGCAAA
CGTAGGCATAACCTCCGTGA
Potato  PgNR7648 AGAGACGAAGGTACCGCTGA
TCCATGTCTCTCCTCCATCC
Potato  PgNIR1310 CCATCGGAGAAAACACCACT
CAGACGGAGCTCTCCTGAAC
Potato  PgAS0685 TGACATGCTGGATGGAGTGT

TTTGGAAGGTACGGTTGCTC

GCAGTGGAGAGGCTAACGAC
TCAATCCCACACTCAGCAAG

CTCAGCTGCCGAGCTCTT
TGCAAATCCTCCATGTCTTG

GCGGAGATAGCTGCTGAAAG

F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
Tobacco NtNRT1.1 F:
R:
F:
R:
F:
R: TCTCTTGGAACAGCACCAAA
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:
R:
F:

Tomato LeAMT1-2

Tomato Lenii2

Potato  StNRS AATCGTCGGAAAGAGCAGAA
GCCAATGCCAATGTTGTATG
Tomato LeASI ATTTTGGCTTTGTTGGGTTG
GCAACACCGGATAGATGGTT
Potato  StGSI1 TCAGGAGGGGCAACAATATC
CGCGTACATAGAGGTCACGA
Potato  StGS2 CCTTTCCGTGGTGGTAACAA
GAGATCTTTTGGGCAGCAAG
Tobacco NpGDH CAGCCACCAACCGTAACTTT
ACGCCTCCCAACCTCTTAAT
Tomato LeARGI GAGGAGTGCTGGAAGAATGG
AACCACATCAGCACCAACAA
Potato PgGDH7579f1 F: ACCTTGTCGGCTCTCTTTCA
TTGCTGAAAACTAAGCCCATC
Potato PgGDH7579f2 F: GATAGGGGTGAGACGCATGT

R: GCAGCCATAGAAGGAGCAAC

57 Nitrate transporter (NRT) PGSC0003DMT400031304

57 Ammonium transporter PGSC0003DMT400049775
(AMT)

57 Ammonium transporter NM_001247287.1
(AMTI-3)

57 Nitrate reductase (NR) PGSC0003DMT400077648

57 Nitrite reductase (NIR) PGSC0003DMT400021310

57 Asparagine synthetase (AS) PGSC0003DMT400010685

50 Nitrate transporter AB102806
(NtNRT1.1-t)

50 Ammonium transporter NM_001247324
(AMTI1-2)

50 Nitrite reductase (nii2) XM _004248688.1

50 Nitrate reductase (NR) AB062142.1

53 Asparagine synthetase XM 004240358.1

(AS1)
50 Glutamine synthetase GS1 AF302115.1
(ghn)
50 Glutamine synthetase GS2 AF302113.1
(gln)
53 Glutamate dehydrogenase AB062142.1
(GDH)
53 Arginase 1 (ARG1) AY656837.1
53 Glutamate dehydrogenase PGSC0003DMT400017579

53 Glutamate dehydrogenase PGSC0003DMT400017579

denaturation of 5 min at 94°C; followed by 35 cycles of 1
min at 94°C, 45 sec at the T, and 1 min at 72°C; and a final
extension of 10 min at 72°C. The amplified DNA products
were separated on a 1.6 % agarose gel, documented and
analyzed as described by Tiwari et al. (2015).

Single and distinct PCR products were gel-eluted
using QIAquick gel extraction kit for cloning. Cloning,
sequencing, processing and analysis procedures were
followed as described earlier by Tiwari et al. (2015).
Sequencing was performed using the universal primer M 13
on ‘3500 Genetic Analyzer’. The nucleotide sequences of the
isolated genes (KU965581- KU965592) (hereafter referred
to ‘12 N-homologues’) in this study were submitted to the
National Centre for Biotechnology Information Centre
(NCBI) database. The sequences were aligned by multiple

sequence alignment using default parameters of the Clustal
Omega tool of EMBL-EBI program. The phylogenetics
analysis of the isolated 12 N-homologues and the known
N metabolism genes was carried out using the software
‘Molecular Evolutionary Genetics Analysis 6 (MEGAG6)’
(Tamura et al. 2013).

RESULTS AND DISCUSSION

PCR amplification

Out of total 17 primers tested (Table 1), 15 primer pairs
were amplified in both the varieties, and amplifications
products are summarized in Table 2. Primers of the genes
involved in N uptake/transport (AMT and NRT) and
utilization/assimilation (NR, NIR, GDH and AS) produced
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Table 2 Details of PCR products (approximate size in bp)
amplified and cloned from potato varieties

Primer Variety Total No of
Kufri Jyoti Kufri fragments fragments
Gaurav cloned
PgNRT1304 2000 2000 2 2
PgAMTO9775 2200 2200 2 2
LeAMTI1-3 1200 1200 2 2
PgNR7648 2000 2000 2 2
PgNIR1310 1500 1500 2 2
PgAS0685 2000, 1000, 2000, 400 5 2
400
NtNRT1.1 1200 1200 2 0
LeAMT1-2 800, 1000 800, 1000 4 0
Lenii2 500, 2000 500, 2000 4 0
StNR5 300, 500 300, 3000 4 0
LeASl 500, 600, 500, 600, 6 0
700 700
StGS1 1200 1200 0
StGS2 2800, 700, 2800, 700, 8
600, 500 600, 500
NpGDH 0 0 0 0
LeARG1 3000 1500 2 0
PgGDH7579f1 0 0 0 0
PgGDH7579f2 400, 500, 400, 500, 8 0
600, 800 600, 800
Total 55 12

Underlined 12 PCR products (single and distinct band) were
gel-eluted, cloned, sequenced and analyzed. Isolated products were
homologues to the six known N metabolic pathways genes. Of
which five are potato genes: PGSC0003DMT400031304 (Nitrate
transporter, NRT); PGSC0003DMT400049775 (Ammonium
transporter, AMT); PGSC0003DMT400021310 (Nitrite reductase,
NIR); PGSC0003DMT400077648 (Nitrate reductase, NR);
PGSC0003DMT400010685 (Asparagine synthetase, AS); and one
known tomato gene NM_001247287.1 (Ammonium transporter,
AMT1-3). Faint bands were excluded from the study.

M 1 2 3 4 5

Fig 1
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desired fragments for further use. Only single and distinct
12 fragments were amplified in both varieties with following
gene/primer combinations: (i) NRT: PgNRT1304, (ii)) AMT:
PgAMTO9775 and LeAMTI1-3, (iii) NR: PgNR7648, (iv)
NIR: PgNIR1310, and v) AS: PgAS0685 (Fig. 1).

Cloning, sequencing and phylogenetics analysis

Details of the PCR products gel-purified, cloned and
sequence submission/analysis of 12 amplified single and
distinct PCR products are summarized in Table 3. CAP3
analysis resulted into 12 contigs of homologous genes
involved in N metabolic pathways. The subsequent BLASTn
analysis of the 12 N-homologues showed 86-97% sequence
identity (E-value 0.0) to known N metabolism genes in
the NCBI database (Table 3). In addition, these isolated
new homologues showed 96-99% identity with the known
potato genes in the BLAST search to the Potato Genome
Sequence database. Amino acid translations of the DNA
sequence of N-homologues using EMBOSS Transeq tool
produced 12 sequences with uninterrupted ORFs in at least
one of the reading frames. The length of the identified
12 N-homologues varied from 1173 to 2164 bp. The
UPGMA tree consists of six groups (I-VI), where each
group includes three sequences of one known gene and
two ‘N-homologues’. Thus, the phylogenetic tree indicated
the existence of relationship of N-homologues and known
genes involved in N metabolism.

Previous researchers have shown that the significant
genetic variations are available for NUE, particularly for
both NUpE (plant N content/soil N supply) and NUtE
(plant dry matter/plant N content) among potato germplasm
(Zebarth et al. 2004, 2008; Trehan 2009, Ospina et al.
2014). We focussed to understand NUE in two contrasting
potato varieties Kufri Gaurav (N efficient) and Kufri Jyoti
(N inefficient) selected based on the previous field-based
studies (Trehan 2009, Trehan and Singh 2013). We were
successful in amplifying single and distinct PCR products of
homologues of N metabolism genes. The identified potential
12 N-homologues had 86-99% sequence identity to known
N genes, indicating that these genes are well conserved in

6 7 8 9 10 11 12

Selected PCR amplification products in two contrasting potato varieties, viz. Kufri Jyoti (KJ: N inefficient) and Kufri Gaurav

(KG: N efficient) by the primers of the genes involved in the N metabolism pathways. SN 1-12 denotes varieties (KJ/KG)
amplified by primers: Lane #1-2 (PgNRT1304), #3-4 (PgAMT9775), #5-6 (LeAMT1-3), #7-8 (PgNR7648), #9-10 (PgNIR1310),

and #11-12 (PgAS0685).
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Fig 2 A cluster analysis based on the UPGMA method showing relationship among the nucleotide sequences of 12 N-homologues and
known N metabolism genes from the NCBI/Potato Genome database.

potato. Their presence in two varieties suggested that they
might be functional N genes that may provide improved
NUE to crops. Further, the UPGMA cluster analysis
showed six groups (I-VI) that N-homologous genes cluster
in together in one group with known respective N gene
source but in separate clade due to underlying sequence
variations. Our study indicates that the potato species may
contains multitudes of sequence variations in N genes
isolated from these two contrasting varieties. Thus, the
process of evolution of homologous genes may involve
conserved common features and subsequence accumulation
of mutations within the motif regions. A few gene expression
studies have been reported in potato using candidate genes
involved in N metabolism pathways (Tiwari et al. 2014,
Zebarth et al. 2011, 2012).

Conclusion

The present study shows identification of ‘12
N-homologous genes’ in two contrasting potato varieties
Kufri Gaurav (N efficient) and Kufri Jyoti (N inefficient)

for NUE based on the sequence homology of the N
metabolism genes. In future, it would be worthwhile to
develop molecular marker like SNP and/or CPAS based
on the sequence variations for screening of germplasm and
breeding purpose, analyse gene expression pattern of these
‘12 N-homologues’ in ¢cDNA pool and regulatory small/
microRNAs involved in NUE in potato under different N
regimes under controlled conditions.
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