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8 Abstract

9 Nitrate reductase (NR) is the key rate-limiting enzyme of the nitrogen (N) assimilation process in plants, which
10  has not been characterized in bread wheat under nitrogen stress, especially with respect to their homeologues.
11 Total 9 NRs were identified and classified into 3 groups, which showed a close relationship with different wheat
12 ancestors. The occurrence of N-responsive cis-acting regulatory elements like MYB, MYC, G-Box and GATA-
13 motif confirmed their N-responsiveness. Expression of all the three groups of NR under N-stress revealed NR 6-
14  1ABD group to be the most N-responsive, which was characterized further in detail. The study was carried out
15 in two genotypes contrasting for their N-responsiveness (HD 2967: Highly responsive to applied N, and Choti
16 Lerma: Less responsive to applied N) selected on the basis of field evaluation. Homeologous differences within
17  a genotype were found much more than the genotypic differences of a specific homeologue coding
18 sequence. Among the three homeologues, though NR 6-1D homeologue was found most responsive to N-stress,
19  the contribution was maximum for this homeologue followed by NR 6-1A and least by NR 6-1B. We found that
20  the expression of homeologues was linked to the presence of N-responsive cis-elements. All the homeologues of
21 NR 6-1 in Choti Lerma were found less responsive to N-stress, in comparison to HD 2967, which might also be
22 linked to N-use efficiency. Homeologous expression of NR 6-1ABD revealed negligible contribution of B-
23 homeologue to N-stress. Homeologous differences of NR 6-1ABD was found much more than the genotypic
24  differences. Hence, our study on wheat NRwill be helpful in manipulating the specific homeologue of
25  the NRgene in the future.

26
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28 Introduction

29 Wheat (Triticum aestivumL.) is the primary source of calories (>45%) and nutrition for the human population
30  as well as essential for animal feed (Alipour et al. 2017; Hawkesford and Griffiths 2019; Malinas et al. 2022;
31 Rawal et al. 2022). Consequently, excess use of nitrogen (N) fertilizer is applied to meet the higher demand for
32 wheat production (Hirel et al. 2007). However, the N use efficiency of crop plantsislow (around 33%)
33 and more than 50% of the expensive applied N has been lost to the soil system (Gaju et al. 2011), leading to
34 negative repercussions on the environment and human health (Foulkes et al. 2009; Malinas et al.
35 2022). Therefore, it is requisite to identify and develop novel strategies to enhance the efficient use of N to
36 reduce the over-dependence on N fertilizers (Hawkesford 2014). Nitrogen use efficiency (NUE) consists of two
37  components; nitrogen uptake (NUpE) and the other is nitrogen utilization efficiency (NUtE) (Moll et al. 1982;
38 Malinag et al. 2022). N assimilation, transport, and remobilization are the three major components of NUtE (Li
39  etal. 2017), which determine the yield. Hence, for the concept ‘low nitrogenous fertilizer but high yield’, NUE
40  enhancement of wheat has now become a major challenge for wheat improvement programs. NUE is further
41 studied as agronomic NUE and biological NUE (Sharma et al. 2021). Inherent plant NUE needs to be addressed
42 biologically, and to date reports on improved NUE in wheat are very few, probably because of the very complex
43 genome and its regulation. Also, the molecular basis of NUE is not yet fully understood and
44 the biotechnological approaches have met with limited success so far (Sharma et al. 2021).

45 The first step of nitrogen metabolism in plants is the uptake of the inorganic form of nitrogen from the external
46  environment into the cell. The major form of N taken up and assimilated by most of the crops under normal
47  field conditions is Nitrate (NO3") (Rosales et al. 2011; Wang et al. 2011; Garcia-Oliveira et al. 2013; Zhao et al.
48  2013). Hence, the availability of nitrate determines the crop growth, development,and grain yield in
49  wheat (Kumari 2011; Nikolic et al. 2012). The plasma membranes of root epidermal as well as cortical cells
50  have nitrate transporters, which are involved in the acquisition of nitrate molecules from the soil in an active
51 process (Fan et al. 2017). Cytosolic nitrate reductase (NR) first reduces the nitrate up-taken by the plant and
52 then chloroplastic nitrite reductase (NiR) converts the nitrate to ammonium (Stitt et al. 2002; Rolly and Yun
53 2021). This ammonia is assimilated as glutamate, the first amino acid, by the two enzymes glutamine synthetase
54 (GS) and glutamate synthase (GOGAT), which work in a cyclic manner (Lea and Miflin 2003; Good et al. 2004;
55 Gayatri et al. 2021). Thus, NR is considered a key and rate-limiting enzyme in the complex process of nitrate
56  assimilation and utilization (Campbell 2001; Tang et al. 2022). NR also influences nitrate transporter proteins
57 like NRT1.1 and NRT2.1, in addition to its key role in N assimilation (Lejay et al. 1999). A few reports of some
58  higher plants also described asignificant positive correlation of the parameters like protein

59  content, growth, yield, and nitrogen status with NR enzyme in seeds and leaves (Hageman 1979; Srivastava
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60 1980; Guerrero et al. 1981). Using biotechnological approaches like single gene transgenics, there have been
61 several attempts to improve N metabolism in plants but with little improvement of NUE (Raghuram and Sharma
62 2019; Sinha et al. 2020; Sharma et al. 2021). However, there is broad scope to work with the genes involved in
63 N metabolism. Allohexaploid bread wheat (T. aestivum) has three genomes A, B, and D with2n = 6x =
64 42 (Marcussen et al. 2014; Lv et al. 2021). Hence, generally, three copies of a gene (homoeologous genes) are
65 expected in bread wheat (Shitsukawa et al. 2007). The expression of numerous genes at their homeologous level
66 has been reported in wheat (Kashkush et al. 2002; Himi and Noda 2004; Bottley et al. 2006; Shitsukawa et al.
67 2007; Hu et al. 2011; Gayatri et al. 2019, 2021). However, environmental conditions, the growth stage of the
68  plant, and also the tissue determine the homoeologue-specific expression of any gene in bread wheat (Mochida
69  etal. 2004; Bottley et al. 2006; Gayatri et al. 2019, 2021).

70 NR is the first enzyme which starts converting nitrate in to ammonia in the process of N assimilation and has
71 been studied in detail in many crops. However, in wheat most of the reports are about the NR enzyme activity
72 (Minotti and Jackson 1970; Blackwood and Hallam 1979; Sherrard and Dalling 1979; Botella et al. 1993,;
73 Carillo et al. 2005) and a few reports are about the NR gene expression (Chandna et al. 2012; Balotf et al. 2016).
74  Bread wheat being a hexaploid crop, harbours three genome species in it. Therefore, most of the genes were
75 assumed to be present in three copies which are called as homeologues. Many of these genes in bread wheat
76  showed homeologue biased expression (Himi and Noda 2004; Nomura et al. 2005; Shitsukawa et al. 2007). So
77 far, there is no information related to homeologue specific expression of NR gene along with their genomic
78 information under different levels of nitrogen treatments. Hence, to study the homeologous expression of NR
79 gene in wheat, first requisite was to find out the copies and homeologous set among the different copies of NR.
80  Genome-wide identification of NR gene revealed nine copies are present in hexaploid wheat (Hurali et al. 2022).
81  After confirming the same, we carried out (1) expression profiling of homeologous set (categorized on the basis
82  of similarity) to check their N-responsiveness, and (2) homeologue-specific NR coding sequence cloning and
83 analysis of the most responsive set of the genes, followed by their expression and contribution in two wheat
84  genotypes that are contrasting for their N-responsiveness. Overall our objective and focus of this study was to
85 reveal the homeologue specific hidden information of NR genes in bread wheat and their expression pattern as
86  well as contribution at different nitrogen regime, which is so far not available. This study also would provide the
87  foundation for functional characterization of each homeologue of NR in future to improve the N-assimilation
88  process.

89
90 Methods

91 I dentification and char acterization of the NR genes using Chinese Spring Wheat Genome
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92  To identify the NR genes in the wheat genome, we used our previously submitted wheat NR sequence
93 (GenBank: KY244026.1) and used EnsemblPlants and IWGSC databases for BLASTN analysis as mentioned in
94  Gayatri et al. 2022 (Gayatri et al. 2021). Thereafter, genomic, CDS, and amino acid sequences for all the NR
95 genes were downloaded from these databases. Conserved domains and other information (like physio-chemical
96 properties and subcellular localization) related to NR proteins were predicted using the Pfam database,
97 ExPASy’s ProtParam tool, and CELLO2GO as mentioned in Gayatri et al. 2022 (Gayatri et al. 2021).
98  Wheat-URGI BLAST (https://wheat-urgi.versailles.inra.fr/Seq-Repository/BLAST) was used to predict the
99  chromosomal position of each NR gene onto the wheat genome. The NR genes were named sequentially based
100  on their position on the chromosomes, starting from NR. DNAMAN software was used to make the
101 homeologous group of the most similar NR genes.
102  Cisacting dementsin the NR promoter regions
103 For the promoter region, the upstream 1000 bp of each NR gene sequence was extracted from the Ensembl Plants
104  database. Then this upstream region was submitted to the PlantCARE software(Lescot et al. 2002) to identify
105 the cis-elements in the putative promoter regions.
106 Phylogenetic Analysisand Homology with NR from other plants
107  The orthologous NR protein sequences (File S1) from diverse monocot and dicot plant species were obtained
108 based on the sequence identity >65% using the NCBI database and an unrooted phylogenetic tree was
109 constructed with 1000 replicates bootstrap parameters using the neighbor-joining method using CLC Genomics
110  workstation 12. NR genes of wheat were compared with NR genes of other plant species and their genomic
111 positions were recorded. The Galaxy Circos tool was used to identify the relationship between species and
112 genomic positions in a circular form.
113 Plant material, growth in the field and measurement of NUE related parameters
114 Several diverse wheat genotypes including HD 2967 and Chotio Lerma were grown during the Year 2013-14
115  with two doses of applied nitrogen (150 kg/ha: denoted as Y1-150 as and O kg/ha: denoted as Y1-0) under
116 standard package of practices (Bharati et al. 2022) at ICAR-Indian Institute of Wheat & Barley Research
117  (ICAR-IIWBR), Karnal, India.
118 During the year 2014-2015, we have grown these genotypes including HD2967 and Choti Lerma with four
119  different levels of applied nitrogen i.e., 150 kg/ha (denoted as Y2-150); 120 kg/ha (denoted as Y2-120); 90

120 kg/ha (denoted as Y2-90) and 0 kg/ha (denoted as Y2-0) with standard package of practices. Both the Year the


https://doi.org/10.1101/2023.07.10.548320
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.10.548320; this version posted July 11, 2023. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

121 average available nitrogen in the field was 150 Kg/ha. The whole experiment was conducted in three
122 replications.

123 Selection of contrasting genotypes

124 At maturity, grain yield (GY) was determined from 1-m? sampling area of each subplot. The N content of the
125 dry biomass was determined using the Kjeldahl method. The GY and total N content of dry biomass were
126 measured and used for calculating other derived parameters i.e Grain N Y/P, N at Harvesting, N-uptake, NUE
127 (Bharati et al. 2022). Finally, values of NUE i.e [(GY/P)/((Soil N+Applied N)/P) were considered for the
128  selection of most contrasting genotypes.

129  Growth of plantsunder control conditions

130  Seeds of both genotypes were surface-sterilized using 0.5% (w/v) sodium hypochlorite solution and then used
131 for germination on water-soaked germination paper at 25 + 2 °C for 3 days in dark conditions. The hydroponic
132 system (500ml plastic pot) containing 1X MS (Murashige and Skoog) solution without N was used as described
133 by Gayatri et al 2022 (Gayatri et al. 2021) for the growth of wheat seedlings. N was added in the form of
134 calcium nitrate (Ca (NOs),.4H,0) in MS solution at two concentrations (8 mmol/L for N-optimum and 0.08
135 mmol/L for N-stress) (Gayatri et al. 2019, 2021). All the experiments were carried out in a controlled
136 environment at 150-200 pmol photon/m?s light intensity, 70% relative humidity, 8/16 dark/light hours, and 25
137 £ 2°C for 21 days and with three replications of each pot (Five seedlings per pot). Chronic and transient, two
138 kinds of nitrogen stress were imposed for the present study. For chronic stress, seedlings were grown under N-
139 stress conditions for 21 days. On day 21, the shoot and root tissues of the seedlings were harvested for
140  measurement of biomass, chlorophyll and carotenoids content. For transient stress, seedlings were initially
141  grown under optimum N condition for 14 days and then transferred to N-stress condition. Shoot tissues of the
142  seedlings were harvested on 1 day (15 days After Transfer (DAT)), 4 days (17 DAT), and 7 (21 DAT) days after
143 the imposition of N-stress. For further molecular studies, shoot tissues were harvested, pooled, and stored at
144  -80°C. Each biological replicate consisted of pool of five plant samples, which were grown in one pot. Three
145  such biological replicates were used for each treatment.

146 M easurement of biomass parameter sand chlor ophyll pigments

147 Different biomass parameters i.e. shoot length (SL), root length (RL), shoot fresh weight (SFW), root fresh
148  weight (RFW), root dry weight (RDW) were measured according to the standard protocol (Sinha et al. 2015,
149 2018). Chlorophyll (Chla, Chlb, TChl) and carotenoid contents were also estimated using fresh shoot tissues

150  (Hiscox and Israelstam 1979) of both genotypes.
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151 Deter mination of in vitro NR activity

152  To determine the NR activity, total soluble protein was measured using the method described by Lowry et al.,
153 1994; from 21 days old stored shoot tissues of both genotypes. Further, stored shoot tissues were powdered with
154  a mortar and pestle and solubilized in phosphate buffered saline pH 7.4. The extract was centrifuged at 6000 g
155 for 15 min and the supernatant was stored at -70°C. NR activity was examined by the reduction of nitrate to
156 nitrite (Nikolic et al. 2012; Fan et al. 2017). One unit of NR activity is defined as the production of 1uM nitrite
157  per min. Specific activity is described as a unit of NR activity divided by gram of total protein.

158  Measurement of N contents

159 Dried shoot and root samples were used to determine the N content of both genotypes using FOSS NIRS™ |
160  DS2500 analyzer (Denmark)

161 Total RNA isolation and cDNA synthesis

162  Total RNA extraction using the RNeasy Plant Mini Kit (Qiagen, Hilden, Germany) and cDNA synthesis using
163 SuperScript®Ill First-strand Synthesis SuperMix (Invitrogen™, USA) kit were done from stored shoot tissues
164  DNA as mentioned in Gayatri et al. 2019 and 2022 (Gayatri et al. 2019, 2021).

165  Quantitativereal-time PCR (QPCR)

166  NR 6-ABD-1, NR 6-ABD-2, NR 7-AD-4A sequences were used for designing the three sets of gPCR primers
167 (Table S1b) based on their common sequences. Further, homeologue-specific primers (Table Sic) for gPCR
168  were designed based on the nucleotide polymorphisms found in the cDNA sequences of the three homeologues
169  for NR 6-ABD-1gene (Table Sla) (Gayatri et al. 2019, 2021). Actin gene (KX533928.1) was used as
170  endogenous control. gPCR was performed and relative fold changes in the expression of N-stress samples over
171 control were calculated according to Gayatri et al. 2019 and 2022 (Gayatri et al. 2019, 2021)The specificity of
172 each homeologue-specific primer pair was determined by sequencing the amplified products (Gayatri et al.
173 2019, 2021).

174  Cloning of full-length cDNA sequences of wheat NR 6-ABD-1 homeol ogues

175 Homeologue-specific PCR primers (Table S1) for the NR 6-ABD-1gene were designed using the method
176  explained by Gayatri et al. 2022 (Gayatri et al. 2021). The full cDNA of each NR homeologue was amplified as
177  a single fragment using sequence-specific primers. High fidelity Taq polymerase (PrimeSTAR GXL DNA
178  polymerase, Takara) was used in the preparation of the PCR reaction mixture followed by the PCR program

179  according to Gayatri et al. 2022 (Gayatri et al. 2021). The PCR products were then cloned into a pJET1.2 vector
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180  (CloneJET, Thermo Scientific™, USA) and three clones for each PCR product were sequenced by Sanger
181  sequencing (Genotypic Technology Pvt Ltd).

182 In silico analysis of cloned NR 6-ABD-1 homeologous cDNA sequences and their putative proteins

183 ORFs of the cloned NR homeologues cDNA sequences were predicted using the Open Reading Frame (ORF)
184  finder (http://www.ncbi.nlm.nih.gov/gorf/gorf.ntml) and thenthe EXPASY tool was used to predict their
185 respective amino acid sequences. EXPASy proteomics server was used to predict the theoretical molecular
186  weight (MW) and isoelectric point (pl) of all the putative NR proteins. Further, for comparison and multiple
187  sequence alignment (MSA) of cloned cDNA sequences as well as their putative NR proteins, DNAMAN
188  software was used. To predict the potential impact of amino acid changes on the final protein structure (Ng and
189 Henikoff 2003) as well as on the protein function, SIFT software was used.

190 Satistical Analysis

191  All experiments reported in this study were done with three biological three technical replicates. MSTATC was
192 used to perform the statistical analysis of data obtained in the present study. Mean values were presented for all
193 the data with an error bar (standard error of means). T-test was performed to show the NUE contrasting nature
194  of both genotypes. A least significant difference (LSD) at 5% was calculated for the significance of the
195 treatment effect and further, a range test was performed to show the level of significance between and among
196  the treatments in each experiment.

197
198 Results

199 Genome-wide identification and nomenclatur e of NR gene sequencesin wheat (Chinese spring) genome

200  We initially confirmed the presence of nine copies of NR gene from the Chinese Spring wheat genome (Hurali
201 et al. 2022). The NR genes were grouped in different groups to identify their homeologues set (indicated in
202  different colours in Fig.1) showed an uneven distribution across the A, B, and D sub-genomes. In first group
203 TraesCS6A02G326200, TraesCS6B02G356800 and TraesCS6D02G306000; in the second group
204  TraesCS6A02G017500, TraesCS6B02G024900 and  TraesCS6D02G020700 and in  third  group

205 TraesCS7A02G078500, TraesCS7D02G073700 and TraesCS4A02G376700 were clustered together.
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206

207 Fig. 1 Classification of nine NR genes in to three groups on the basis of their similarity using DNAMAN

208

209  The sequences were named NR 6-1ABD (first group, homeologues as NR 6-1A, NR 6-1B, NR 6-1D), NR 6-
210  2ABD (second group, homeologues as NR 6-2A, NR6-2B, NR 6-2D) and NR 7AD-4A (third group homeologues
211 as NR 7A, NR 7D, NR 4A). This result also reveals that the B genome has only two copies of the genes in
212 Chromosome 6, whereas D has three copies, two in chromosome 6 and one in chromosome 7 and A has four
213 copies of the NR gene, two in chromosome 6, one each in chromosome 4 and chromosome 7.

214  Phylogenetic and Collinearity Analysis between Wheat and other plant NR Genes

215 To further evaluate the phylogenetic relationships and collinearity analysis of NRs and NRs from other plants,
216  we selected NR protein sequences different monocot and dicot species NR protein sequences having more than
217 65% similarity were used for the phylogenetic tree construction. As shown in Fig. 2, NRs from the selected plant
218  species were divided into four subgroups. The largest subgroup is (IV) containing 6 NR sequences (Fig. 2).
219  Wheat NR sequences were found to be most closely related to its progenitors’ sequences as well durum wheat
220  along with Hordeum vulgare and Sorghum bicolor.

221 From phylogenetic analysis, we have found wheat NR close similarity with its progenitors and to investigate the
222 change of NR gene number within a subgenome due to transition from diploidy to hexaploidy. For this, we have
223 identified and extracted the NR gene from the diploid progenitors (Triticum urartu and Aegilops tauschii) and

224  tetraploid wheat (Triticumturgidum) using Ensembl Plants.
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225 To gain a more detailed outlook on the possible information on evolutionary divergence of the NR genes, the
226  collinearity analysis was performed using the Circos tool among T. aestivum, T. urartu, A. tauschii, and T.
227  turgidunydurum. From collinearity analysis, we illustrated that NR orthologs of A. tauschii were located on 6D
228  and 7D chromosomes (two on 6D, and one on 7D ) (Fig. 3). Furthermore, two T. urartu orthologous NR genes
229  were found located on the 7A chromosome and ungrouped scaffold. In T. turgidum, 6 orthologous NR genes
230  (two on 6A and 6B, one on 4A, and one on 7A) were found. On the whole, intact collinearity among the NR
231 genes of bread wheat and its relatives suggested the conservative evolution of this gene during the formation of
232 hexaploid wheat.

233

Fig. 2 |

ca7AO2G

Trawst
xp_04:
‘xp.008376213.2 Malus
KAF3324119.1 Car

234

235 Fig. 2 Phylogenetic relationship among NR genes of T. aestivum (highlighted) and other plant species. The
236 unrooted phylogenetic tree was constructed using MEGA 6.0 Maximum-likelihood method with 1000 replicates

237  bootstrap analysis. The tree is divided into IV subgroups

9
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239
240 Fig. 3 Collinearity Analysis of NR genes. Muticolour, sea-green, light green, and grey-coloured blocks represent
241 the chromosomes of T. aestivum, T. urartu, A. tauschii, and T. turgidum respectively. The black color lines
242
243

indicate orthologous as well as homeologous NR genes on different chromosomes. GenelDs starting with Trae,

Tu, AET, TRITD represent genes for T. aestivum, T. urartu, A. tauschii and T. turgidum
244

245 Prediction and analysis of cis-acting elementsin the promoter regions of NR genes
246 Cis-acting elements predicted in the promoter regions of the NR genes are associated with environmental stress,
247 hormone response, light response, development, promoter and enhancer elements, site-binding elements, and
248
249

others (Fig. 4b). To understand the potential mechanism via which NRs respond to biotic and abiotic stresses,
250

we used PlantCARE to analyze the cis-regulatory elements in the promoters. Transcription-related cis-

elements—including the TATA-box and CAAT-box were found in all the NR genes with maximum abundance

10


https://doi.org/10.1101/2023.07.10.548320
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.10.548320; this version posted July 11, 2023. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

251 (Fig. 4a). Our data revealed that almost all NR promoter regions contained at least one plant hormone-response
252  element, including gibberellin-response element GARE-motif, ethylene-response element ERE, salicylic acid-
253 response element TCA, jasmonic acid (MeJA)-response element CGTCA-and TGACG-motif and abscisic acid-
254  response element ABRE. Light responsive elements such as ACE, G-Box, Box 4, TCT-motif, MRE, Sp1, AE-
255 box, etc. were also identified. The promoter region also contained stress response elements, such as low-
256  temperature stress-response element LTR, drought-response element MBS and low N stress response elements
257 MYB, MYC, G-box, GATA-motif (Lea et al. 2007; Zhang et al. 2015; He et al. 2021). TATA-box, CAAT-box,
258 CGTCA-and TGACG-motif, ABRE, G-box, and MYB are the common cis-elements found among all the NR
259 promoters (Fig. S1). Based on the available reference sequences, Maximum and least no. of cis-elements were

260  found in NR6-1(A, B, D) and NR 7D respectively.
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264  Fig. 4 (a) The abundance of cis-acting elements (Except CAAT and TATA Box) in the promoter regions of NRs

265 using the WordArt program. Font size increases with the abundance of cis-acting regulatory elements, (b)
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266 Distribution of cis-acting elements in promoter regions of NRs. Different colors represent different cis-acting
267  elements. The scale bar is shown at the bottom

268  Assessment of NUE related field parametersfor selection of contrasting genotypes

269 Field parameters of HD 2967 and Choti Lerma genotypes were measured and are presented here. The GY/P of
270  both the genotypes was significantly different under all the N levels during both the years. Whereas N uptake of
271 both the genotypes was not significantly different at Y2-0 and Y1-0 (Fig. 5). The GY/P and N uptake was
272  significantly higher in genotype HD 2967compared to Choti Lerma. Other parameters i.e. Biomass, Grain N

273 Y/P, N at Harvesting, NUE (GY/P)/[(Soil N+Applied N)/P)] are presented in supplementary file (File S2).

Fig.5 a GYjp b Nuptake
2500 = i

® Choti Lerma W HD 2967

¥2-150 Y2120 ¥2:90 Y2-0 ¥1-150 ¥1-0 ¥2-150 Y2-120 Y290 Y20 ¥1-150 Yi-0

274
275 Fig. 5 GY/P (Grain yield/plot) and N uptake of Choti Lerma and HD 2967 under different levels of N treatment

276 in field condition. Y1 and Y2 denote 1% and 2™ year respectively. 150, 120, 90, 0 are the quantities (kg/ha) of N
277  fertilizer applied. * denotes the significant difference among both the genotypes

278

279 Per for mance of contrasting HD 2967 and Choti Ler ma genotypesin hydroponics

280 There are significant differences in the shoot and root biomass parameters (Fig. 6) among both genotypes under
281 both N-optimum and N-stress conditions except RDW under N-optimum and SDW under N-stress. All root and
282  shoot parameters except RDW were significantly higher in HD 2967 under N-optimum condition. While under
283  N-stress conditions, only root parameters i.e. RL, RFW and RDW were significantly higher in Choti Lerma
284  (Fig. 6d, e, f). Chlorophyll (Chla, Chlb and Tchl) and carotenoids contents (Fig. 7) were significantly reduced in
285 both genotypes under N-stress and these pigments were significantly higher in HD 2967 under both the
286  conditions.

287

288

289

290

12


https://doi.org/10.1101/2023.07.10.548320
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.07.10.548320; this version posted July 11, 2023. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

201

292
293

294
295
296

297
298

299
300
301

available under aCC-BY-ND 4.0 International license.

35 4 = SL(cm) 600 SFW (mg) &0

SDW (mg)  HD-2967

® Chati Lerma

(3

_d
17.5 200

i N

30

N-Optimum N-Stress N-Optimum N-Stress N-Optimum N-Stress
d - f
a0 RL (cm) 400 RFW (mg) a 28 RDW (mg)
5 b
c
3
20 200 4
d
o 0 4

N-Optimum N-Stress N-Optimum N-Stress N-Optimum N-Stress

Fig. 6 Shoot and root biomass parameters of 21 daysold seedlings of HD 2967 and Choti Lerma under
N-optimum and N-stress conditions. a) SL: Shoot length; b) SFW: Shoot fresh weight; ¢) SDW: Shoot

dry weight; d) RL: Root length: e) RFW: Root fresh weight; f) RDW: Root dry weight

Fig. 7
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Fig. 7 Chlorophyll and carotenoid contents of 21 days old seedlings of HD 2967 and Choti Ler ma under
N-optimum and N-stress conditions. a) Chla: Chlorophyll a content; b) Chlb: Chlorophyll b content; c) TChl:

Total Chlorophyll content; d) Caro: Carotenoid content
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302

303 Nitrogen content in shoots as well roots was measured under both N-optimum and N-stress conditions (Fig. 8).
304  N-stress significantly reduced the SNC (Fig. 8a) while significantly increased the RNC (Fig. 8b) in both
305 genotypes. SNC was found higher in HD 2967 under N-optimum condition while under N-stress condition both
306  genotypes showed the similar level of nitrogen content. Contrastingly, RNC was found to be at similar level in
307 both genotypes under N-optimum condition and found higher in Choti Lerma under N-stress condition. All
308  over, TNC was found significantly different in both genotypes under both conditions but followed same trend as
309 mentioned earlier (higher value in HD-2967 under N-optimum and higher value in Choti Lerma under N-stress

310  condition) (Fig. 8c).
Fig. 8

RNC

£ oxs g ¢

311 W Optimar stress N-Optimam Wostess N Optiuan Nestress
312  Fig. 8 Nitrogen content of 21 days old seedlings of HD 2967 and Choti Lerma under N-optimum and N-
313 stress conditions. a) SNC: Shoot nitrogen content; b) RNC: Root nitrogen content; ¢) TNC: Total nitrogen
314  content

315

316 NR specific activity in contrasting HD 2967 and Choti Ler ma genotypes

317 NR activity was measured in the shoot tissues of 21 days old seedlings of HD 2967 and Choti Lerma under N-
318  optimum and N-stress conditions. Results showed reduced NR activity under N-stress in both genotypes (Fig.
319  9). However, though the NR activity of HD 2967 was higher under N-optimum condition, Choti Lerma

320  displayed a higher NR activity under N stress condition.

Fig. 9 NR HD-2967
9 - ® Choti Lerma

c

. Il
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322 Fig. 9 NR specific enzyme activity shoot tissues of 21 days old seedlings of HD 2967 and Choti Lerma
323  under N-optimum and N-stress conditions

324  Expression Pattern of NR genesunder N-Stress by qRT-PCR Analysis

325 The expression pattern of three NR homeologue sets (NR 6-1, NR 6-2, and NR 7AD-4A) were studied by gPCR
326 under Chronic N-stress and compared with N-optimum conditions. Expression studies revealed that the NR 6-1
327 homeologue set has shown maximum responsiveness (maximum down-regulation) under N-stress (Fig. 10),

328  which we took for our present study.

Fig. 10
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331 Fig. 10 Relative expression of NR 6-1, NR 6-2 and NR 7, 4 ABD homeologue sets in HD 2967 and Choti Lerma

332 seedlings were grown under chronic N-stress conditions

333  Homologue Variation Study of NR 6-1A, NR 6-1B, NR 6-1D genes from HD 2967 and Choti Ler ma

334 The nucleotide sequences of cloned CDS of NR 6-1A, NR 6-1B, and NR 6-1D homeologues from both the wheat
335 genotypes (HD 2967 and Choti Lerma) were confirmed using the BLAST tool in NCBI and then submitted to
336  GenBank NCBI [NCBI accession numbers MT876649 (NR 6-1A, HD 2967), MT876650 (NR 6-1B, HD 2967),
337 MT876651(NR 6-1D, HD 2967), MT876646 (NR 6-1A, Choti Lerma), MT876647(NR 6-1B, Choti Lerma),
338 MT876648 (NR6-1D, Choti Lerma). MSA (Fig. S2) revealed the homeologous differences in wheat for NR 6-1
339  gene. ORF finder analysis of these sequences indicated 2926, 2874, and 2865 bp CDS for NR 6-1A, NR 6-1B,
340 and NR 6-1D homeologue respectively, encoding 899, 896, and 895 amino acids that exhibited over 93%
341 similarity to one another in both the genotypes. The polymorphisms were observed randomly over the entire
342 CDS (Table S2 and Table S3). There were a total of 128 common SNPs (in both genotypes) found among the

343 CDS of A, B, and D homeologues, of which 47 were transition and 81 were transversion, lead to a change in 32
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344  amino acids. Other than SNPs, B and D homeologues of both genotypes were differentiated by 9 and 14
345  deletions in their respective CDS.

346  When the NR CDS of two contrasting genotypes were aligned, NR 6-1A showed 5 SNPs, of which 1 was
347  transition and 4 were transversion, leading to a change in 3 amino acids; NR 6-1B showed 28 SNPs, of which 7
348  were transition and 21 were transversion, lead to a change in 24 amino acids and NR 6-1D showed 8 SNPs, of
349  which 5 were transition and 3 were transversion, lead to a change in 5 amino acids (Table S4). Position of the
350  nucleotides was counted from ATG, with A’s position as 1; similarly position of amino acids are counted with
351 first amino acid M’s position as 1. SIFT analysis was done among the six amino acid sequences of NR 6-1
352 protein from the three homeologues each from HD 2967 and Choti Lerma. We found five conserved domains 1)
353 oxidoreductase molybdopterin binding domain, 2) Mo-co (molybdenum cofactor) oxidoreductase dimerization
354  domain, 3) a cytochrome b-5 like heme-binding domain 4) oxidoreductase FAD-binding domain 5)
355 oxidoreductase NAD-binding domain. The results showed that the amino acid changes were found to be
356 tolerated in all the homeologues of both the genotypes (Fig. 11).

357
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359

360

NREA_HD MAASYEYNROVSAHPWP TNAQPKAAFDLFSSSSAGNGGRARSGADSDSDDEDGIPPDWRS 68
NREA_CL MAASVEYNROVSAHPWPTNAQPKAAFDLFSSSSAGNGGRRRSGADSDSDDEDGIPPDWRS (==
NRG6D_HD MAASYEYNRQVSAHPWP TNAQPKAAFDLFSS -5 - - SGGRARSGADSDSDDEDGIPPDWRS 57
NRGD_CL MAASYEYNROVSAHPWP TNAQPKAAFDLFSS -5 - - SGGRARSGADSDSDDEDGIPPDWRS 57
NR&B_HD MAASVEYNA - VSAHPWP TNAQPKAAFDLFSS - s DSDSDOEDGIPPDWRS 58
NRGB_CL MAASUEYNR VSAHFUFTNAQPKAAFDLFSS SGGNCGTRRSGAYSYSDuEDCrTPDwRS S8
NRGA_HD LYSPRLOVEPSVKDPROEATSODAWVK RHPALVRLTGKHPFNSEPPLPRLMSHGEITPVIPL 1ze
NREA_CL LYSPRLOVEPSVEDPRDEATSDAWVERHPALVRLTGKHPFNSEPPLPRLMSHGF ITPVPL ize
NR6D_HD LYSPRLOVEPSVKDPROEATSOAWVKRHPALVRALTGKHPFNSEPPLPRLMSHGF ITPVPL 117
NRGD_CL LYSPRLDVEPSVKDPROEATSDAWVERHPALVRLTGKHPFNSEPPLPRLMSHGE ITPVPL 117
NRGB_HD LYSPRLDVEPSVKDPRDEATSDAWVKRHPALVRLTGKHPFNSEPPLPRLMSHGFITPVPL iis
NRG6B_CL LYSPRLDVEPSVRDPRNNATSDAWVKRHPALVRLSGKHPFNSDPPLPRLMSHGE ITPVPL 118
. - o o o o e A e o
binding domain
NREA_HD HYVRNHGAVPRADWS TWTVEVTGLVERPVEKL TMEELVTGVQAVEF PVT LVCAGNRRKEQN 180
MNRG6A_CL HYVRNHGAVPRADWS TWTVEVTGLVKRPVKL TMEELVTGFQAVEFPVTLVCAGNRRKEQN 180
NRGD_HD HYVRNNGAVPKADWS TWTVEVTGLVKRPVRLTMEE LVTGFQAVEF PVTLVCAGNRRKEQN 177
NRGD_CL HYVRNHGAVPEKADWS TWTVEVTGLVERPVRLTMEELVTGFQAVEFPVTLVCAGNRRKEQN 177
NRE6B_HD HYVRNHGAVPKADWS TWTVEVTGLVKRPVKL TMEELVTGFQAVEFPVTLVCAGNRRKEQN 178
NR6B_CL HYVRKNGAVPKDDWS TWTVEVTGLVERPVEL TMEELVTGFHAVEF PYTLVCAGNRRKEQN 178
NREA_HD MVRQSSGFNWGPGATS T TVWAGYRLADVL RRCGVMGAGVASNVCF EGAEDL PGGGGCKYG 2a8
NRGA_CL MVRAQSSGFNWGPGALST TVWRGVRLRDVL RRCGVMGAGVASNVC FEGAEDL PGGGGCKYG 2a8
NRED_HD MYRQSSGFNWGPGAVS T TVWRGVRL ADVLRRCGVMGAGVASNVCFEGAEDLPGGGGCKYG 237
NR6D_CL MVYRQSSGFNWGPGAVS T TVWRGVRLRDVLRRCGVMGAGVASNVCFEGAEDLPGGGGCKYG 237
NRE6B_HD MYRQSSGFNWGPGATS T TVWRGVRLRDVLRRCGVMGAGVASNVCFEGAEDL PGGGGCKYG 238
NRGB_CL MYAQSSGFNWGPGALS TTVWRGVYR L RDVLARC DL KYG FE
NRG6A_HD TSL ARDV I LAYMOQ PLAPDHGF PYRVIVPGF IGGRMVKWLKRIVVACNES 1=
NRGA_CL TSLARRSVAMDPARDYILAYMONGEP LAPDHGF PYRVIVPGF IGGRMVKWLKRIVVACNES 08
NR&D_HD TSLRRSVAMDPARDVILAYMONGEP LAPDHGFPVRVIVPGF IGGRMVEKWLKRIVVACNES 297
MRGD_CL TSLRASVAMDPARNY I LAYMONGEP LAPDHGF PYRVIVPGE IGGRMVKIWLKRIVVACNES 297
NRGE_HD TSLARSVAMDPARDVILAYMONGER LAPDHGF PVRVIVPGF FGGRMVKWLKRIVVACNES 208
NREB_CL TSLRRSVAMDPARDVILAYMONGEPLAPDHGF PVRVIVPGF IGGRMVKWLERIVVACNES 298
NREA_HD ESYVvHYRDNRVLPSHVDAE LANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ ET--)
NRG6A_CL ESYYHYRDNRVLPSHVDAELANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ 360
NRE6D_HD ESYYHYRDNRVLPSHVDAE LANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ 357
NRGD_CL ESYYHYRDNAVLPSHVDAE LANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ 357
NRGB_HD ESYYHYRONAVLPSHVDAE LANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ asa
NRG6B_CL ESYYHYRDNRVLPSHVDAE LANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ ass
zeerhenteereermrreterareeyateer B T Y T P
ol
NRE6A_HD KPYTMEGYAYSGGGRKV TRVEVTLOGGE TWOVCELS TRERPDS TAS TGCWC FWSVDVEVL aze
NRE6A_CL KPYTMEKGYAYSGGGREVTRVEVTLDGGE TWOVCELSTRERPDS TASTGCWC FWSVDVEVL aze
NRGD_HD KPYTMEGYAYSGGGREVTRVEVTLDGGE TWOVCEVDHPERPTKYGI LGAGC FWSVDVEVL a17v
NRGD_CL KPYTMEGYAYSGGGREVTRVEVTLDGGE TWOVCELDHPERP TKYEVLGAGC FWSVDVEVL a1z
NR6B_HD KPYTMEGYAYSGGGREVTRVEVTLDGGE TWOVCEL THPERP TKYQVLGAGC FWSVDVEVL 418
NR6B_CL KPYTMKGYAYSGGGRKVTRVEVTLDGGE TWQVCELDHPERPTKYEVLGAGC FWSVDVEVL 418
NR&A_HD DLLGAKEMAVRAWDEALNTQPERL IWNLMGMMNNCWFRVEK INVERPHKGE IGLVFDHPTQ ABO
NRG6A_CL DLLGAKEMAVRAWDEALNTQPERL IWNLMGMMNNCWFRVE INVERPHKGE IGLVFDHPTQ a80
NRED_HD DLLGAKE TAVRAWDEALNTQRERL IWNLMGMMNNCWE RVEK TNVE RPHKGE IGLVFDHPTQ ary
NR6D_CL DLLGAKE IAVRAWDEALNTQPERL IWNLMGMMNNCWFRVEK INVERPHKDE IGLVFDHPTQ a7z
NRG6B_HD DLLGAK EMAVRAWDEALNTQP ERL IWNLMGMMNNCWF RVEK INVERPHKGE IGLVFDHPTQ a78
NRGB_CL DLLGAK EMAVRAWDEALNTOP ER L IWNLMGMMNNCWE RVEK INVERPHKGE IGLVFDHPTQ a7ae
[esime snsmsmmnnnns
NRE6A_HD PGNOSGGWMARQKHIETSETTQGTLKRS TS TPFMSAASAQHTMS EVRRHAS KESAWIVVH 548
MRGA_CL PGNOSGGWMARQKHMIETSETTQGTLKRS TS TPFMSAASAQHTMS EVRRHAS KESAWIVVH 548
NRG6D_HD PGNQSGGWMARQKHIETSETTOGTLERS TS TPEFMS TASAQYTMS EVRRHAS KESAWIVVH 537
MNRE&D_CL PGNQSGGWMARQKHIETSETTRGTLERS TS TPFMSTASAQYTMSEVRRHASKESAWIVVH 537
NRE6B_HD PGNQSGGWMARQKHIETSETTQGTLKRS TS TPFMS TASAQYTMS EVRRHAS KESAWIVVH 538
NRE6B_CL PGNQSGGWMARQKHIETSETTQGTLEKRS TS TRPFMS TASAQWTMSEVRRHASKESAWIVVH 538
Cytochrome b5-like Heme/Steroid binding domain
NRGA_HD GHVYDCTGF LEDHPGGADS I L INAGSDCTEEFDATHSAKARGLLEMYRVGELTATGTDYS Geo
NRGA_CL GHVYDCTGF LEKDHPGGADSIL INAGSDC TEEFDATHSAKARGLLEMYRVGEUTATGTDYS [=1=1-]
NRGD_HD GHYYDCTGF LKDHPGGADS T L INAGSDC TEEFDATHSAKARGLLEMYRVGETATGTDYS s97
NRED_CL GHVYDCTGF LEDHPGGADS I L INAGSDCTEEFDATHSAKARGLLEMYRVGETATGTDYS 597
NRGB_HD GHVYDCTGF LEDHPGGADS I L INAGSDCTEEFDATHSAKARGL LEMYRVGE UTATGADYS so8
NR&B_CL GHVYDCTGFLKDHPGGADSILlNAGQBCTEEFDAIHSAKARGLLEMYRVGELrATEADYS s98
NRG6A_HD SPRSSSGDLAATIVEAPPAGVEPLVLPPLSTTVALANPREKVRCRLVDKKSVSDNVRLFRF 660
NRG6A_CL SPQSS5GOLAATVEAPPAGVEPLVLPPLSTTVALANPREKVHCRLVDKKSVSDNVRLFRF 668
NRGD_HD - PRSSSADLAATVEAPAAGVEPLVLPPVSTTVALANPREKVRCRLVDKKSMSDNVRLFRF 656
NRGD_CL - PRSSSADLAATVEAPAAGVEPLVLPPVSTTVALANPREKVACRLVDKKSMSDNVRLFRF 656
NRGB_HD ~PQSSNADLAAIVEAPSVVVEPLPQLLPASTVALANPREKVACRLVDKKSMSDNVRLFERF 657
NRG6B_CL - PQSSNADLAATVEAPSVVVEPLPQLLPAS TVALA VHCRLVDKK LFRF 657
R T Ty L L T N T T T Y T T T YTy
NREA_HD = HELGL KH KELCMRAY H LIK K 11
MNRE6A_CL ALPSPEHKLGLPVGKHVYVCASTGGKLCMRAY TP TSSVDEVGHVELLIKIYFKDEDPKFP 720
NRGD_HD ALPSPDQKLGLPVGKHVYVCAS TGGKLCMRAY TP TSSVEEVGHVDLLIKIYFKDEDPKFP 716
NRGD_CL ALPSPDQKLGLPVGKHVYVCASTGGKLCMRAY TP TSSVEEVGHVDLLIKIYFKDEDPKFP 716
NRE6B_HD ALPSPDQKLGLPVGKHVYVCAS TGGKLCMRAY TP TSSVEEVGHVELLIKIYFKDEDPKFP 717
MNRGB_CL ALPSPDQKLGLPVGKHYYVCAS TGGKLCMRAY TP TSSVEEVGHVELLIKIYFKDEDPKFP 717
NRE6A_HD AGGLMSQYLDALPLGAPVDIKGPVGHIEYAGRGAF TVGGEPRFARRLAMVAGGTGLTPVY 788
NRGA_CL AGGLMSQYLDALPLGAPVDLEGPVGHIEYAGRGAF TVGGEPRFARRLAMVAGGTGLITRPVY 788
NRGD_HD AGGLMSQYLDSLPLGAPVDIKGPVGHIEYAGRGAF TVGGERRFARRLAMVAGGTGLI TRPVY 776
NR&D_CL AGGLMSQYLDSLPLGAPVDIKGPVGHIE FTV E ARRL. TGITPVY 776
NRG6B_HD AGGLMSQYLDSLPLGAPVDIKGPVGHIEY FT ARRL. TGITPVY 777
NRG6B_CL AGGLMSQYLDSLPLGAPVESRAPWGHIEYAGRGAF TVGGERRFARRLAMMVAGGTGITRVY 777
S s s e o oo e o ke o e
Oxidoreductase NAD-binding domain
NRGA_HD QVIQAVLRADQPDDT TEMHLVYANRTEDDMLLRE E LDRWAAAHPAR L KVIRYVVSKVARPGD Bae
MNRGA_CL QVIQAVLRDQPDDTTEMHLVYANRTEDDMLLREE IDRWAAAHPARLKVWYVVSKVARPGD BaA®
NR6D_HD QVIQAVLRDQPDDTTEMHLVFANRTEDDMLLREE IDRWAAAHPARLKVIWYVVSKVARPED 836
NRED_CL QVIQAVLRDQPDDTTEMHLVFANRTEDDML LREE IDRWAAAHPAR L KVIWYVVSKVARPED 836
NRGB_HD QVIQAVLRDQPDDTTEMHLVYANRTEDDML LREE IDRWAAAHPARLKVIWY LVSKVARPED B37
NRGB_CL QuxQAULanpnnTYEMHLVVANHYEnDMLLREElnnwAAAHPAHLKVwVLstvARPED R
NRG6A_HD AWEYGVGRVDEQVLREHLPLGGDGETLALVCGPPAMLECTVRPGLEKMGYDLDKDCLVF 899
NREA_CL AWEYGVGRVDEQVLREHLPLGGDGE TLALVCGPPAMLECTVRPGLEKMGYDLDKDCLVF B899
NRGD_HD AWEYGVGRVDEQVLREHLPLGGDGE TLALVCGPPAMLECTIVRPGL EKMGYDLDKDC LVF ass
NRG&D_CL AWEYGVGRVDEQVLREHLPLGGDGETLALVCGPPAMLECTVRPGLEKMGYDLDKDCLVF B9S
NRE6B_HD AWGYGVGRVNEQVLRDHLPLGGDGE TLALVCGPPAMLECTVRPGLEKMGYDLDKDCLVE B96
NR6B_CL AWGYGVGRVNEQVLRDHLPLGGDGETLALVCGPPAMLECTVRPGLEKMGYDLDKDCLVF B96

Fig. 11 Changes in Functional Domains due to change in amino acids in homeologues of NR 6-1 protein in two

contrasting genotypes, HD (HD 2967) and CL (Choti Lerma)
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361 Homeol ogue-specific expression profiles of NR 6-1A, 6-1B, and 6-1D genes under transient and chr onic N-
362  Stress

363 Results of qPCR confirmed that during N-stress, NR gene expression was downregulated under chronic N-stress
364  in both the genotypes. When 6-1D-homeologue was found most responsive in both the genotypes, the
365 expression of 6-1A homeologue was higher than 6-1B homeologue in the case of HD 2967, but almost
366  unchanged in the case of Choti Lerma (Fig. 12a).

367  When the gene expression at the different time points of transient stresses was analysed, it was found that the
368  expression of NR 6-1A homeologue was gradually downregulated in the case of HD 2967 over 10 fold during 7
369  days stress period whereas in the case of Choti Lerma, it was upregulated marginally (approximately 1.5 fold)
370  gradually during the stress period (Fig. 12b).

371 The trend was almost similar for the other homeologues, NR 6-1B and NR 6-1D also, where the expression was
372 gradually downregulated during 1 to 7 days of stress and it reduced to >30 and >10 fold respectively in the case
373 of HD 2967 genotype (Fig. 8c and d). Again the changes were negligible in the case of Choti Lerma, though the

374  trend was towards downregulation (Fig. 12c and d).
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376 Fig. 12 (a) Homeologue-Specific NR 6-1(A, B, D) Gene Expression Under Chronic N-Stress both the genotypes
377 HD 2967 and Choti Lerma; (b) Expression of NR 6-1A homeologue under Transient N-Stress (c) Expression of

378 NR 6-1B homeologue under Transient N-Stress; (d) Expression of NR6-1D homeologue under Transient N-
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Stress; 1D, 4D and 7D represent shoot tissues collected on 1 day (15 days After Transfer (DAT)), 4 days (17

DAT), and 7 (21 DAT) days after the imposition of N-stress

Contribution of homeologuesin HD 2967 and Choti Ler ma

The contribution of each homeologue was also estimated in control, transient as well as in chronic stress
conditions. In both the genotypes, the contribution of NR 6-1B homeologue was substantially less in comparison
to NR 6-1A and NR6-1D homeologues in all the conditions. During transient stress, the contribution of NR 6-1A
and NR 6-1B homeologue were gradually decreasing from 1 to 7 days of stress in the case of HD 2967, though
they were statistically nonsignificant. However, it increased significantly during 1 to 7 days of stress in the case
of NR 6-1D homeologue. Though 6-1B homeologue had the least contribution, under N-optimum and N-
Chronic stress conditions, its contribution was higher than transient stress up to 7 days (Fig. 13a) in HD 2967

genotype.

= NR 6-1A = NR 6-180 NR 6-1D
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Fig. 13 (a) Contribution of each NR 6-1 homeologues in HD 2967 genotype under N-optimum and different N-
Stress conditions (b) Contribution of each NR 6-1 homeologues in Choti Lerma genotype under N-optimum and

different N-Stress conditions
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396

397 In Choti Lerma, the contribution of NR 6-1B in chronic stress was significantly higher than the rest of the
398  conditions including N-optimum. The contribution of NR 6-1A homeologue increased to a significantly higher
399 level during chronic as well as transient stress. The contribution of NR 6-1D-homeologue is higher in the case of

400  the N-optimum condition (Fig. 13b).
401
402  Discussion

403 Most of the crops including wheat, nitrate is the preferred form of nitrogen in the aerobic soil, though plants can
404  uptake other forms of nitrogen too including ammonia, amino acids, and peptides, which depends on the physio-
405 chemical properties of the soil (Tsay et al. 1993; Krouk et al. 2006; Nour-Eldin et al. 2012). In normal growth
406  conditions, nitrate is taken up from the soil and assimilated mostly in shoots to form glutamate, the first amino
407  acid, which is subsequently used for N-containing biomolecules production. NUE depends on multiple factors,
408  mainly on their uptake, translocation, and assimilation efficiency (Li et al. 2017). However, it is not necessary
409  that efficient uptake and translocation will lead to efficient assimilation. Hence, in this study, we focused on
410  assimilation, especially on the first step of assimilation. As mentioned earlier, after nitrate is taken up by the
4111 plant from the soil, the assimilation process starts by NR and is reduced to nitrite by this important enzyme. It
412 has also been reported that the OsNR2 allele of the NR gene can increase the nitrogen use efficiency in rice (Gao
413 et al. 2019). It is well reported that this enzyme is responsive to nitrogen stress, mainly nitrate stress in different
414 cereal crops including wheat (Botella et al. 1993; Golberg et al. 1995)(Botella et al. 1993; Golberg et al. 1995;
415 Nathawat et al. 2005; Santos et al. 2019). Though an extensive study on NR gene has been conducted in
416  Arabidopsisand Rice, understanding of this gene in wheat is limited. Two NR genes in Arabidopsis (Wilkinson
417  and Crawford 1991) and three in Rice (Hamat et al. 1989) have been identified and most of them have been well
418  characterized.

419 In our study, we also found nine copies of the NR gene in hexaploid bread wheat as reported recently by Hurali
420  etal. 2022 (Hurali et al. 2022). Since there are three genomes in this crop, three copies are present for most of
421 the genes in the bread wheat genome (Juery et al. 2021), but that is not the case with NR. Two copies were
422 found in the B genome, three in the D genome, and four copies in the A genome. We further categorized the
423 NRs into three groups (clusters) with three copies in each cluster based on their sequence similarity analysis.
424 Mostly we saw multiple copies of the genes for the essential functions of the organisms such as the WOX gene,

425 43 copies of the gene are present in wheat, 13 copies in rice, and 15 in A. thaliana (Zhang et al. 2010; Rathour et
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426  al. 2020) and that is because these genes are essential for the growth and development of plants. Likewise, in the
427 present study, being the most essential and key enzyme for nitrogen metabolism, NR is also found in multiple
428  copies in wheat. Though these copies possibly work as backup for the plant for carrying out the essential
429  function of nitrate assimilation, these many copies of NR may look a little too much. However, reports also say
430  that gene diversification is common in plants, and in many cases, the diverse genes get changed to other
431 functions also (Panchy et al. 2016). In bread wheat, the gene diversification might not have happened solely at
432 hexaploid level; but at the diploid or tetraploid (progenitors) level. Hence, the number of copies of a gene
433 present in bread wheat is the combination of pre-and post-polyploidization. Among the nine copies of the NR
434 genes, diversification of the copies was found among these three sets in terms of gene structure, predicted
435 protein size and motif configuration as mentioned in the recent research (Hurali et al. 2022), which suggest
436  similar function of the copies within a set, as also reported for other proteins in wheat (Gao et al. 2021).
437 Collinearity analysis in our study suggested that the increase in NR copies and their divergence in hexaploid
438  wheat might be due to the polyploidy events (Fig. 3), where diploids have 2-3 copies, tetraploid has 6 and
439  finally hexaploid has 9 copies of the gene. In spite of having relatively large size (5-8 kb), all the copies of NR
440 gene in wheat had only a few introns (1 or 2), which is rare in case of other genes of similar size. However, this
441  feature is not T. aestivum specific, but NR gene specific, which we found also in case of tomato, rice and
442  tobacco (Choi et al. 1989; Daniel-Vedele et al. 1989; Vaucheret et al. 1989). Out of the nine NR copies, Six
443 copies have two and three copies have one intron. This loss of one intron might be due to occurrence of events
444 over evolutionary time (Wang et al. 2017). Hurali et al. (2022) (Hurali et al. 2022) attempted to derive a
445 phylogenetic relation of these nine copies of NR involving only three cereal species (wheat, rice, maize) and
446  Arabidopsis. We extended the study involving 22 different monocot and 83 dicot species. As expected, our
447  study revealed the closest similarity of hexaploid bread wheat with tetraploid durum wheat followed by the
448  diploid progenitors, and then with H. vulgare. However, interestingly, the NR does not form monocot and dicot
449  specific separate groups, unlike other N-assimilating enzymes such as CS, ICDH, GS2, Fd-GOGAT (Gayatri et
450  al. 2019, 2021). Hence, it appears that the amino acid sequences of NR proteins have been more conserved

451  during the evolution of the NR gene (Campbell 1996; Zhou and Kleinhofs 1996).

452 NR enzyme activity as well as gene expression are known to be reduced under N-stress in wheat (Chandna et al.
453 2012; Zhao et al. 2013; Kavoosi et al. 2014; Sinha et al. 2015). Analysis of cis-element shows the prominent
454 presence of MYB in almost all the copies of NR genes (Fig. 4), which is a known N-responsive element in other

455 plants (Lea et al. 2007; Konishi and Yanagisawa 2010). In addition, presence of MYC, G-Box, GATA-motif is
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456  also reported to be N-responsive in different plants (Witko 2003; Konishi and Yanagisawa 2013; Zhang et al.
457  2015; He et al. 2021; Islam et al. 2021). Though there is no report on N-responsive elements in wheat genes,
458  this analysis confirms N-responsive of the above elements in wheat. However, the list of these N-responsive
459  elements in NR gene may not be complete and comprehensive, as there are still gaps in the reference genome
460  sequence. Presence of these N-responsive elements are occurring in combination with the phytohormone-
461 responsive elements in the promoter region indicates the complex regulatory network between the N

462  assimilation and hormonal pathways (He et al. 2021).

463 Gene expression of the three sets of NR was downregulated under N-stress, which was expected (Gayatri et al.
464 2019, 2021), but the most responsive was NR 6-1ABD. Further, we studied this NR 6-1ABD in detail
465 considering the three homeologues in two contrasting wheat genotypes HD 2967 and Choti Lerma. It is
466 important to mention here that the contrasting nature of these two genotypes was established using the field
467 NUE related parameters. GY/P and N-uptake were significantly higher in HD 2967 compared to Choti Lerma
468  measured during the two consecutive years at all doses of applied N, except N-uptake @ Okg/ha applied N.
469  There were a few reports on the nature of these two genotypes (Chattaraj et al. 2013; Nagar and Gayatri 2018;
470 Paul 2018; Tyagi et al. 2020) but without enough supporting data. HD 2967 generally exhibited superior
471 performance in terms of biomass parameters, pigment content, nitrogen content, and NR activity under N-
472 optimum conditions. However, under N-stress conditions, Choti Lerma showed an advantage in root parameters
473 and NR activity. The higher biomass parameters observed in HD 2967 under N-optimum conditions suggest its
474  ability to efficiently utilize nitrogen resources for growth. Similarly, the increased pigment content in HD 2967
475 indicates a better capacity for photosynthesis, potentially leading to enhanced plant performance. Moreover, the
476  higher nitrogen content and NR activity in HD 2967 under N-optimum conditions further emphasize its better
477 nitrogen responsiveness. Two-way comparisons were made using the sequences of each homeologues of the two
478  contrasting genotypes: one way was to study allelic variation among NR 6-1A, NR 6-1B,and NR 6-1D
479 homeologues; and the other way was the allelic variation of each homeologue between the two genotypes (Fig.

480  14).
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Fig. 14
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482 Fig. 14 Top panel shows the variation among the homeologues where the gene in D homeologue is different
483 from A and B homeologues and has SNP; the Bottom: shows the genotypic difference among the homeologues
484  where the gene in D homeologue is having SNP

485

486  When each homeologues were compared between HD 2967 and Choti Lerma, the nucleotide polymorphism was
487  very low with proportional variation in amino acid changes. Since the homeologues have been derived from
488  three different species, the polymorphism among the homeologues was expected to be more than that of the
489 genotypic differences of an individual homeologue (Fa et al. 2010; Winfield et al. 2012) and we found the
490  expected result. However, interestingly the transversion was significantly more than transition which is contrary
491 to the general observations for any genes (Winfield et al. 2012; Alipour et al. 2017; Rimbert et al. 2018; Zhou et
492  al. 2020). Probably this phenomena of higher transversions is NR 6-1 specific, which has led to more number of
493 amino acid changes, though they were tolerated in the functional domains of the enzyme and functionality was
494 retained. However, such a higher rate of transversion in the gene does exist, e.g, CD14 gene in Bos taurus and
495 Bos indicus (Morenikeji et al. 2020); MYB gene in chickpea (Roorkiwal et al. 2014) etc.

496 We also studied the homeologous gene expression under chronic as well as transient stresses. Under the optimal
497  condition, nitrate assimilation in the shoot is more than that of the root, and hence, studying gene expression in
498  the shoot was important. Though we found the presence of common cis-elements in the promoters of a set of
499 homeologue, the proportion of the elements differs from one homeologue to the other (Fig. 4). The presence of
500 N-responsive elements like MYB, MYC, GATA-motif and G-Box were almost missing in B homeologue,
501  whereas MYC, MYB were very prominent in A and D homeologues respectively of NR 6-1. Contribution of the
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502 homeologues are corroborating with the presence of N-responsive elements in the homeologues, where B had a
503 low relative expression under N-stress in comparison to A and D in case of NR 6-1. Homeologue-specific
504  expression of NR 6-1A, NR 6-1B, and NR 6-1D in the two genotypes under chronic and transient stresses were
505 conducted keeping a few questions in mind. 1. How does each homeologue of this specific NR gene respond to
506 nitrogen stress in wheat? 2. How the transient stress alters the gene expression over a period of time? 3.
507 How long-term stress from the beginning of growth (chronic stress) differs from the sudden stress during
508  normal growth (transient)? 4. How the expression alters when the transient stress period is prolonged? 5. How
509  do the two very contrasting genotypes with respect to N-responsiveness differ in gene expression, both under
510  chronic and transient stresses? 6. What is the contribution of different homeologue of this gene? and finally, 7.
511  Whether the contribution patterns are same in both the genotypes?

512 Answers of all the questions are revealed from the study, which we have discussed here. 1. As expected, each
513 homeologues gets downregulated especially in case of chronic stress (Botella et al. 1993; Golberg et al. 1995;
514  Santos et al. 2019; Gao et al. 2021), in fact, all the three sets of NR genes were downregulated under N-stress.
515 However, the NR 6-1D homeologue was most affected in both the genotypes under chronic stress. 2. Transient
516  stress and chronic stress differed the gene expression. Downregulation of NR 6-1B homeologue was maximum
517 under stress, especially at 7 days after the imposition of transient stress. 3. When the stress period was imposed
518  suddenly after normal growth, initially up to 3 days, the change in gene expression was not comparable to
519  chronic stress, but after 7 days of transient stress, the effect was at par with the chronic stress in the case of HD
520 2967. 4. In the case of transient stress, the gene expression was gradually downregulated in all three
521 homeologues, and lowest expression was at 7 days after the imposition of stress. 5. Choti Lerma, a less N-
522 responsive genotype, was minimally affected with transient stress in comparison to HD 2967. However, the
523 gene expression was considerably downregulated for Choti Lerma in case of chronic stress, though not as much
524 as HD 2967. Results indicate that Choti Lerma has a lesser responsive NR 6-1 gene, which might be one of the
525 causes of its poor N-responsiveness and probably vice versa. Since the requirement of nitrogen is less for this
526  genotype, its immediate response to N-stress after a period of normal growth is very less as observed by
527  Chandnaet al. 2012 (Chandna et al. 2012).

528 Regarding questions no. 6 and 7, a clear observation and conclusion could be made about very low contribution
529  of NR 6-1B homeologue; whereas NR 6-1A and D shared the major contribution between them under different
530 conditions. We could also notice that contribution of NR 6-1A homeologue increased and NR 6-1D homeologue

531 decreased significantly in the case of Choti Lerma under any type of N-stress compared to HD 2967. It was
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532 reported earlier while analyzing the homeologous contribution of Citrate Synthase (CS) and Isocitrate
533 dehydrogenase (ICDH), genes of two vital carbon metabolizing enzymes linked with N-assimilation, that the B-
534  homeologue was contributing least in the case of CS gene under N-optimum as well as N-stress condition,
535  whereas the contribution was maximum for same homeologue in case of ICDH (Gayatri et al. 2019). The
536  contribution of the homeologous genes of hexaploid bread wheat has been reported from the last decades
537  onwards, even when the wheat genome sequencing project did not launch (Roorkiwal et al. 2014). Bias
538  expression of the homeologues are also reported such as dihydroflavonol-4-reductase in root, leaves and grains
539 (Himi and Noda 2004), benzoxazinone (BX) biosynthetic genes (Nomura et al. 2005), MADS-box gene
540  (Shitsukawa et al. 2007), etc., all of them showed a differential expression of B-homeologue. However, precise
541 role of each homeologue is not yet deciphered, which is only possible if we mutate the other copies and
542 homeologues of a gene, as suggested by Garcia-Oliveira et al. 2013; Tovkach et al. 2013 (Garcia-Oliveira et al.
543 2013; Tovkach et al. 2013). Probably the least contributing NR 6-1A gene would play a major role as back up
544  when other copies are defective (mutated). However, combining the result of our study and the previous
545 knowledge, it could be said clearly that bread wheat has a strong backup for most of the important genes with
546 multiple copies. Contribution of a gene homeologue is condition specific and regulated by the promoter
547 elements. Homeologous expression of any gene in wheat is of great interest (Shitsukawa et al. 2007) and the
548 information from the present study will add up to the knowledge of the NR gene, especially in wheat crop and

549  will be useful for its manipulation in the future.

550 Conclusions

551 In this study, atotal of 9 copies of the NR gene were categorized into three groups NR 6-1ABD, NR 6-
552 2ABD, and NR 7AD-4A. Cis-element analysis also revealed that the genes are regulated by their N-responsive
553 elements like MYB, MYC, G-Box and GATA-motif. Further, among the three sets, NR 6-1 ABD was found
554 most responsive under N-stress. Cloning and sequence analysis of three homeologous CDS of NR-6-1 from two
555 contrasting wheat genotypes HD 2967 and Choti Lerma genotypes revealed that the homeologous difference in
556  gene sequence was much more than the genotypic difference, and unusually transversion was more than a
557  transition in the case of SNPs (Fig. 15). D-homeologue was found to be most responsive (affected and
558  downregulated) to N-stress in both the genotypes. N-stress showed a quicker response in case of HD 2967 in
559  comparison to Choti Lerma during 1 to 7 days period of stress. Comparatively lesser response of NR 6-1 to N-
560  stress in case of Choti Lerma is probably due to low N-requirement of this genotype. We found relatively very
561 less contribution of B-homeologue, which was linked to the inconspicuous presence of N-responsive promoter
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562  elements (Fig. 11); however, the contribution of this homeologue under chronic stress was significantly higher
563  than that of transient stress. We also found the expression of A-homeologue increased to a significantly higher
564  level under N stress. This study is expected to help in manipulating the specific homeologue of the NR gene for
565 desired assimilation of N in wheat. To continue with this work, 6-2 ABD and 7AD-4A NR homeologues should

566 also be characterized in detail.

567
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568 Fig. 15 Summary of Identification and characterization of the NR gene in wheat (Triticum aestivum L.) and
569  expression pattern along with homeologous contribution of NR 6-1ABD under N-stress in HD 2967 (HD) and
570  Choti Lerma (CL). 9 NR genes were identified from wheat genome and grouped in to three sets. Phylogenetic
571 analysis of these 9 wheat NR genes with other NRs from different monocot and dicot species displayed their
572  closest similarity with diploid progenitors and tetraploid wheat. Among the three sets, NR 6-1ABD was found
573 most responsive under N-stress. Cloning of three homeologous (NR 6-1A, NR 6-1B, NR 6-1D) CDS in two
574  contrasting genotypes (HD and CL) revealed homeologous differences more than genotypic differences. Under

575 chronic N-stress among the three homeologues, D-homeologue was found to be most responsive. Under
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576  transient N-stress, all the homeologues were gradually downregulated in the case of HD, whereas, in case of CL,
577  there was found no significant change in the expression of these homeologues. Very less contribution of B-

578  homeologue was found which can be linked to the absence of some N-responsive promoter elememts.
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Fig.11
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NR6A_HD MAASVEYNRQVSAHPWPTNAQPKAAFDLFSSSSAGNGGRRRSGADSDSDDEDGIPPDWRS 60
NRG6A_ CL MAASVEYNRQVSAHPWPTNAQPKAAFDLFSSSSAGNGGRRRSGADSDSDDEDGIPPDWRS 60
NR6D HD MAASVEYNRQVSAHPWPTNAQPKAAFDLFSS-S--SGGRRRSGADSDSDDEDGIPPDWRS 57
NR6D CL MAASVEYNRQVSAHPWPTNAQPKAAFDLFSS-S--SGGRRRSGADSDSDDEDGIPPDWRS 57
NR6B_HD MAASVEYNR -VSAHPWPTNAQPKAAFDLFSS -SGGNGGRRRSGADSDSDDEDGIPPDWRS 58
NR6B_ CL MAASVEYNR-VSAHPWPTNAQPKAAFDLFSS -SGGNCGTRRSGAYSYSDKEDCITPDWRS 58
>k >k >k >k sk 2k sk 5k 2k >k >k 3k 3k 3k 5k 5k ok 3k 3k >k 5k 3k 5k ok 3k sk sk >k >k sk > . > >k >k >k >k >k > **_** >k >k >k 3k 3k =k
NR6A_HD LYSPRLDVEPSVKDPRDEATSDAWVKRHPALVRLTGKHPFNSEPPLPRLMSHGFITPVPL 120
NR6A_CL LYSPRLDVEPSVKDPRDEATSDAWVKRHPALVRLTGKHPFNSEPPLPRLMSHGFITPVPL 120
NR6D_ HD LYSPRLDVEPSVKDPRDEATSDAWVKRHPALVRLTGKHPFNSEPPLPRLMSHGFITPVPL 117
NR6D CL LYSPRLDVEPSVKDPRDEATSDAWVKRHPALVRLTGKHPFNSEPPLPRLMSHGFITPVPL 117
NR6B_HD LYSPRLDVEPSVKDPRDEATSDAWVKRHPALVRLTGKHPFNSEPPLPRLMSHGFITPVPL 118
NR6B_CL LYSPRLDVEPSVRDPRNNATSDAWVKRHPALVRLSGKHPFNSDPPLPRLMSHGFITPVPL 118
**#****#****:**Hﬁ: :**##***Hﬁ##**ﬂ:##*:#*****#:**Hﬁ***&:##*ﬂ:ﬂﬁ#***#
Oxidoreductase molybdopterin binding domain
NR6A_HD HYVRNHGAVPRADWS TWTVEVTGLVKRPVKLTMEELVTGVQAVEFPVTLVCAGNRRKEQN 180
NR6A_ CL HYVRNHGAVPRADWS TWTVEVTGLVKRPVKLTMEELVTGFQAVEFPVTLVCAGNRRKEQN 180
NR6D_ HD HYVRNHGAVPKADWSTWTVEVTGLVKRPVRLTMEELVTGFQAVEFPVTLVCAGNRRKEQN 177
NR6D CL HYVRNHGAVPKADWS TWTVEVTGLVKRPVRLTMEELVTGFQAVEFPVTLVCAGNRRKEQN 177
NR6B_HD HYVRNHGAVPKADWSTWTVEVTGLVKRPVKLTMEELVTGFQAVEFPVTLVCAGNRRKEQN 178
NR6B_ CL HYVRKIHGAVPKDDWS TWTVEVTGLVKRPVKLTMEELVTGFHAVEFPVTLVCAGNRRKEQN 178
=+===-}====+==+=: kK - (kK kkkkkkkkkKKEKKKk K « 3k 3k >k 3k >k 3k >k >k >k « 3 3k 3k 3k 3k 3k 3k >k 3k 3k 3k 3k 3k 3k 3k >k >k >k >k
NR6A_HD MVRQSSGFNWGPGAISTTVWRGVRLRDVLRRCGVMGAGVASNVCFEGAEDLPGGGGCKYG 240
NR6A_CL MVRQSSGFNWGPGAISTTVWRGVRLRDVLRRCGVMGAGVASNVCFEGAEDLPGGGGCKYG 240
NR6D_ HD MVRQSSGFNWGPGAVSTTVWRGVRLRDVLRRCGVMGAGVASNVCFEGAEDLPGGGGCKYG 237
NR6D_CL MVRQSSGFNWGPGAVSTTVWRGVRLRDVLRRCGVMGAGVASNVCFEGAEDLPGGGGCKYG 237
NR6B_HD MVRQSSGFNWGPGAISTTVWRGVRLRDVLRRCGVMGAGVASNVCFEGAEDLPGGGGCKYG 238
NR6B_CL MVRQSSGFNWGPGAISTTVWRGVRLRDVLRRCGVMGAGVASNVCFEGAEDLPGGGGCKYG 238
Sk kR kk kK kK o« 3k Sk >k 3k >k >k 3k 3k Sk >k 5k 3k 3k 5k Sk 3k 3k >k 3k Sk 5k 5k >k ok ok 5k 5k 5k 3k 3k 3k ok 3k 3k S5k ok ok ok 5k ok ok ok ok ok
NR6A_HD TSLRRSVAMDPARDVILAYMQONGEPLAPDHGFPVRVIVPGFIGGRMVKWLKRIVVACNES 300
NR6A_ CL TSLRRSVAMDPARDVILAYMQONGEPLAPDHGFPVRVIVPGFIGGRMVKWLKRIVVACNES 300
NR6D HD TSLRRSVAMDPARDVILAYMONGEPLAPDHGFPVRVIVPGFIGGRMVKWLKRIVVACNES 297
NR6D_ CL TSLRRSVAMDPARNVILAYMQONGEPLAPDHGFPVRVIVPGFIGGRMVKWLKRIVVACNES 297
NR6B_HD TSLRRSVAMDPARDVILAYMONGEPLAPDHGFPVRVIVPGFFGGRMVKWLKRIVVACNES 298
NR6B_CL TSLRRSVAMDPARDVILAYMQNGEPLAPDHGFPVRVIVPGFIGGRMVKWLKRIVVACNES 298
******ﬂﬂ***ﬂﬁﬂﬂ*:**‘****ﬂﬂ****ﬂ:***ﬂﬁ*****&c***ﬂﬁ*:**$$**$$******$*$$
NR6A_HD YRDNRVLPSHVDAELANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ 360
NR6A CL YRDNRVLPSHVDAELANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ 360
NR6D_ HD YRDNRVLPSHVDAELANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ 357
NR6D_ CL YRDNRVLPSHVDAELANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ 357
NR6B_HD YRDNRVLPSHVDAELANAEAWWYKPEQMINELNINSVITTPGHDEVLPINALTTQ 358
NR6B_CL YRDNRVLPSHVDAELANAEANNYKPElMINELNINSVITTPGHDEVLPINALTTQ 358
sk sk >k 5k *$***$** sk sk >k sk sk >k sk 3k 3k 5k sk sk >k sk Sl 5k sk 3k sk sk sk sk 5k sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk
Mo-co oxidoreductase dimerisation dormait
NR6A_HD KPYTMKGYAYSGGGRKVTRVEVTLDGGETWQVCELSTRERPDSTASTGCWCFWSVDVEVL 420
NR6A_ CL KPYTMKGYAYSGGGRKVTRVEVTLDGGETWQVCELSTRERPDSTASTGCWCFWSVDVEVL 420
NR6D_ HD KPYTMKGYAYSGGGRKVTRVEVTLDGGETWQVCEVDHPERPTKYGILGAGCFWSVDVEVL 417
NR6D CL KPYTMKGYAYSGGGRKVTRVEVTLDGGETWQVCELDHPERPTKYEVLGAGCFWSVDVEVL 417
NR6B_HD KPYTMKGYAYSGGGRKVTRVEVTLDGGETWQVCELTHPERPTKYQVLGAGCFWSVDVEVL 418
NR6B_ CL KPYTMKGYAYSGGGRKVTRVEVTLDGGETWQVCELDHPERPTKYEVLGAGCFWSVDVEVL 418
kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk o 3 3k =k = 3 >k 2k 2k 3k 2k 2k >k 2k 2k 2k
NR6A_HD DLLGAKEMAVRAWDEALNTQPERLIWNLMGMMNNCWFRVKINVCRPHKGEIGLVFDHPTQ 480
NR6A_CL DLLGAKEMAVRAWDEALNTQPERLIWNLMGMMNNCWFRVKINVCRPHKGEIGLVFDHPTQ 480
NR6D_HD DLLGAKEIAVRAWDEALNTQPERLIWNLMGMMNNCWFRVKINVCRPHKGEIGLVFDHPTQ A7T7
NR6D CL DLLGAKEIAVRAWDEALNTQPERLIWNLMGMMNNCWFRVKINVCRPHKDEIGLVFDHPTQ 477
NR6B_HD DLLGAKEMAVRAWDEALNTQPERLIWNLMGMMNNCWFRVKINVECRPHKGEIGLVFDHPTQ 478
NR6B_CL DLLGAKEMAVRAWDEALNTQPERLIWNLMGMMNNCWFRVKINVCRPHKGEIGLVFDHPTQ 478
**:&:****::+=********************************** ****_***********
NR6A_HD PGNQSGGWMARQKHIETSETTQGTLKRSTSTPFMSAASAQHATMSEVRRHASKESAWIVVH 540
NR6A_CL PGNQSGGWMARQKHIETSETTQGTLKRSTSTPFMSAASAQATMSEVRRHASKESAWIVVH 540
NR6D_ HD PGNQSGGWMARQKHIETSETTQGTLKRSTSTPFMSTASAQYTMSEVRRHASKESAWIVVH 537
NR6D_ CL PGNQSGGWMARQKHIETSETTQGTLKRSTSTPFMSTASAQY TMSEVRRHASKESAWIVVH 537
NR6B_HD PGNQSGGWMARQKHIETSETTQGTLKRSTSTPFMSTASAQYTMSEVRRHASKESAWIVVH 538
NR6B_CL PGNQSGGWMARQKHIETSETTQGTLKRSTSTPFMSTASAQYI TMSEVRRHASKESAWIVVH 538
Rk kKRR kddkRkSFRExERkFxRR Rk o« kS ke Sk Sk S Sk Sk Sk Sk Sk Sk Sk Sk Sk ke
Cvtochrome bh5-like Heme/Steroid binding domain
NR6A_ HD GHVYDCTGFLKDHPGGADSILINAGSDCTEEFDAIHSAKARGLLEMYRVGELUIATGTDYS 600
NR6A_ CL GHVYDCTGFLKDHPGGADSILINAGSDCTEEFDAIHSAKARGLLEMYRVGELUIATGTDYS 600
NR6D_ HD GHVYDCTGFLKDHPGGADSILINAGSDCTEEFDAIHSAKARGLLEMYRVGEUIATGTDYS 597
NR6D_CL GHVYDCTGFLKDHPGGADSILINAGSDCTEEFDAIHSAKARGLLEMYRVGEUIATGTDYS 597
NR6B_HD GHVYDCTGFLKDHPGGADSILINAGSDCTEEFDAIHSAKARGLLEMYRVGEUIATGADYS 598
NR6B_CL GHVYDCTGFLKDHPGGADSILINAGSDCTEEFDAIHSAKARGLLEMYRVGELUIATGADYS 598
>k >k >k >k sk 5k 5k 3k >k 3k >k 5k 5k 5k >k 5k 5k >k >k 3k 5k 5k 5k Sk ok Sk 5k sk 3k 5k 5k 5k Sk Sk sk Sk 5k 3k 3k sk 5k ok Sk Sk sk ok >k ok ok sk ok *$$*:*$$
NR6A_HD SPQSSSGDLAAIVEAPPAGVEPLVLPPLSTTVALANPREKVRCRLVDKKSVSDNVRLFRF 660
NR6A_ CL SPQSSSGDLAAIVEAPPAGVEPLVLPPLSTTVALANPREKVRCRLVDKKSVSDNVRLFRF 660
NR6D_ HD -PQSSSADLAAIVEAPAAGVEPLVLPPVSTTVALANPREKVRCRLVDKKSMSDNVRLFRF 656
NR6D_ CL -PQSSSADLAAIVEAPAAGVEPLVLPPVSTTVALANPREKVRCRLVDKKSMSDNVRLFRF 656
NR6B_HD -PQSSNADLAAIVEAPSVVVEPLPQLLPASTVALANPREKVRCRLVDKKSMSDNVRLFRF 657
NR6B_CL ~-PQSSNADLAAIVEAPSVVVEPLPQLLPASTVALANPREKVRCRLVDKKSMSDNVRLFRF 657
> >k >k 3k 3 3 3k 3k 3k 5k Sk ok sk Sk > 3 Sk e o 3 3 3k 5 3 3 3 5k >k 5k Sk **Hﬁ**#*ﬂﬁ-********ﬂd
"~ Oxidoreductase FAD-binding domain - o
NR6A HD - ALPSPDHKLGLPVGKHVYVCASTGGKLCMRAYTPTSSVDEVGHVELLIKIYFKDEDPKFP 720
NR6A_ CL ALPSPEHKLGLPVGKHVYVCASTGGKLCMRAYTPTSSVDEVGHVELLIKIYFKDEDPKFP 720
mM@ﬁ%%ﬁmmm%wJ“ALH§RH@%%QMPVGKHVYVCASTGGKLCMRAYTPTSSVEEVGHVDLLIKIYFKDEDPKFP 716
NR6D_CL ="K S PDQK LGLPVGKHVYVCASTGGKLCMRAYTPTSSVEEVGHVDLLIKIYFKDEDPKFP 716
NR6B_HD ALPSPDQKLGLPVGKHVYVCASTGGKLCMRAYTPTSSVEEVGHVELLIKIYFKDEDPKFP 247
NR6B_CL ALPSPDQKLGLPVGKHVYVCASTGGKLCMRAYTPTSSVEEVGHVELLIKIYFKDEDPKFP T
kkkkk o -:%::I-:**ﬂﬁ***ﬂﬂ**********************:*****:***************
NR6A_HD AGGLMSQYLDALPLGAPVDIKGPVGHIEYEGRGAFTVGGEPRFARRL* VAGGTGITPVY 780
NR6A_ CL AGGLMSQYLDALPLGAPVDLKGPVGHIEYAGRGAFTVGGEPRFARRLAMVAGGTGITPVY 780
NR6D_ HD AGGLMSQYLDSLPLGAPVDIKGPVGHIEYAGRGAFTVGGERRFARRLAMVAGGTGITPVY 776
NR6D CL AGGLMSQYLDSLPLGAPVDIKGPVGHIEYAGRGAFTVGGERRFARRLAMVAGGTGITPVY 776
NR6B_HD AGGLMSQYLDSLPLGAPVDIKGPVGHIEYAGRGAFTVGGERRFARRLAMVAGGTGITPVY Z2Z7
NR6B_CL AGGLMSQYLDSLPLGAPVESRAPWGHIEYAGRGAFTVGGERRFARRLAMVAGGTGITPVY 7w 4 4
| ###*#*#**#-##***##- -3 :=I-=: Sk 3k 3k 3k 3k Pk Sk 3k 3k 3k 3k 3k Sk 3k sk 3k 3 3 3k sk Sk 2k gk Sk Sk 3k sk ok Sk Sk 3k Sk sk sk
Oxidoreductase NAD-binding domain
NR6A_ HD QVIQAVLRDQPDDTTEMHLVYANRTEDDMLLREEIDRWAAAHPARLKVWYVVSKVARPGD 840
NR6A CL QVIQAVLRDQPDDTTEMHLVYANRTEDDMLLREEIDRWAAAHPARLKVWYVVSKVARPGD 840
NR6D HD QVIQAVLRDQPDDTTEMHLVFANRTEDDMLLREEIDRWAAAHPARLKVWYVVSKVARPED 836
NR6D_ CL QVIQAVLRDQPDDTTEMHLVFANRTEDDMLLREEIDRWAAAHPARLKVWYVVSKVARPED 836
NR6B_HD QVIQAVLRDQPDDTTEMHLVYANRTEDDMLLREEIDRWAAAHPARLKVWYLVSKVARPED 837
NR6B_CL QVIQAVLRDQPDDTTEMHLVYANRTEDDMLLREEIDRWAAAHPARLKVWYLVSKVARPED 837
**********ﬂﬂ*****ﬂcﬂc**:*****#********$**$*$**$*$****:*:ﬂk*:}:**:ﬂk >
NR6A_HD AWEYGVGRVDEQVLREHLPLGGDGETLALVCGPPAMLECTIVRPGLEKMGYDLDKDCLVF 899
NR6A_CL AWEYGVGRVDEQVLREHLPLGGDGETLALVCGPPAMLECTIVRPGLEKMGYDLDKDCLVF 899
NR6D_ HD AWEYGVGRVDEQVLREHLPLGGDGETLALVCGPPAMLECTIVRPGLEKMGYDLDKDCLVF 895
NR6D_ CL AWEYGVGRVDEQVLREHLPLGGDGETLALVCGPPAMLECTIVRPGLEKMGYDLDKDCLVF 895
NR6B_HD AWGYGVGRVNEQVLRDHLPLGGDGETLALVCGPPAMLECTIVRPGLEKMGYDLDKDCLVF 896
NR6B_CL AWGYGVGRVNEQVLRDHLPLGGDGETLALVCGPPAMLECTIVRPGLEKMGYDLDKDCLVF 896
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