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ABSTRACT

Nitrogen (N) is one of the most important nutrients needed for the growth and
development of potato (Solanum tuberosum L.). In the course of evolution, long non-
coding RNA molecules (IncRNASs) have played a role in causing significant changes in
plant’s responses to abiotic stresses. Given the limited information available on the
mechanisms of action and the role of such important regulatory elements during potato
tuber developmental stages, this study was conducted to identify and investigate the
expression and function of IncRNAs, as well as their target genes, in response to
nitrogen treatment. The results of the present study revealed that a total of 211
differentially expressed InNcRNA molecules were detected under nitrogen treatment. Of
these, four intergenic INcRNA sequences were differentially expressed under nitrogen
treatment, and their target genes were associated with ion homeostasis, signal
transduction, and protein degradation. The metabolic pathways most frequently
associated with the target genes involved the biosynthesis of secondary metabolites,
fatty acid metabolism, and fatty acid degradation. This study identified IncRNASs in
potatoes under nitrogen treatment for the first time, marking a significant step towards
understanding the function of IncRNA in plant’s responses to nitrogen. Identifying the
location and function of these IncRNAs, along with the activity of differentially
expressed genes, will provide valuable insights into the mechanisms underlying the
plant's response to nitrogen.
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Figure 1. Effect of nitrogen deficiency on potato growth. Left pot: nitrogen deficiency and right pot: treated
with 0.3 grams of ammonium nitrate
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Table 1. Characteristics of primers used for gRT-PCR reaction

Sequence name Primer sequence (5°-3")

Annealing temperature (°C) Amplicon length (bp)

StincRNA-161_F TCTATCTCCATCACTTGTTGTATG

60

StincRNA-161-_R CAATAACGCAAGCAATTAGGTAC 59 147
StincRNA-162_F TGCAGAATTGCAAATTAGAGATCAG 61 15
StincRNA-162_R TCTTCTATGAGTTGGTTCAGGTATT 61
StiIncRNA-63_F ATCTTTCCATCCATACTAACCATC 60 169
StincRNA-63_R 5'’ATCCAACAGCCACCTTCTC3' 57
StincRNA-75_F AGAGAAATACACGCACTAAGAGAC 62 161
StincRNA-75_R CATCTACAAACACGGCTACAATC 61
elfl-o_F ATTGGAAACGGATATGCTCCA 57 160
elfl-o_R TCCTTACCTGAACGCCTGTCA 61
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Table 2. Names and chromosomal location of LncRNAs identified in potato under nitrogen deficiency stress

Putative | name Chromosome position

Contractual name

Chromosome position

StIncRNA-1 chr01:13964104-13965507
StiIncRNA-2 chr01:21526475-21527732
StincRNA-3 chr01:21529207-21529784
StincRNA-4 chr01:28166081-28167741
StiIncRNA-5 chr01:31297785-31299166
StiIncRNA-6 chr01:33643651-33646864
StincRNA-7 chr01:3570218-3572360
StincRNA-8 chr01:47521639-47523742
StiIncRNA-9 chr01:5358910-5359451
StIncRNA-10 chr01:53751745-53752326
StiIncRNA-11 chr01:53752893-53753533
StiIncRNA-12 chr01:53755049-53755418
StiIncRNA-13 chr01:53755958-53760263
StincRNA-14 ¢hr01:55307727-55310110
StiIncRNA-15 chr01:58532012-58534171
StiIncRNA-16 chr01:62396333-62398604
StiIncRNA-17 chr01:63911906-63912970
StiIncRNA-18 chr01:63918281-63919077
StIncRNA-19 chr01:64740091-64742193
StiIncRNA-20 chr01:67182608-67183722
StiIncRNA-21 chr01:68671900-68673843
StiIncRNA-22 chr01:69080239-69082111
StiIncRNA-23 chr01:7299440-7301832
StiIncRNA-24 chr01:86079170-86080540
StiIncRNA-25 chr03:43727240-43729380
StiIncRNA-26 ¢hr03:51020807-51022072
StiIncRNA-27 chr03:59724948-59727739
StiIncRNA-28 ¢hr03:60035981-60037739
StiIncRNA-29 chr04:1715669-1717289
StiIncRNA-30 chr04:1733518-1735026
StiIncRNA-31 chr04:18208376-18208861
StiIncRNA-32 chr04:20747321-20749150
StiIncRNA-33 chr04:22388940-22392095
StiIncRNA-34 chr04:29127288-29129514
StiIncRNA-35 chr04:38316029-38316493
StiIncRNA-36 chr04:46125856-46127432
StIncRNA-37 chr04:51640111-51640680
StiIncRNA-38 chr04:5340445-5343265
StiIncRNA-39 chr04:5436490-5436984
StiIncRNA-40 chr04:58307895-58310072
StincRNA-41 chr04:597630-601541
StiIncRNA-42 chr04:59939297-59941596
StiIncRNA-43 chr04:606282-606730
StiIncRNA-44 chr04:65867011-65868126
StiIncRNA-45 chr04:65875795-65876606

StincRNA-46 chr04:9328117-9329863

StincRNA-107
StincRNA-108
StincRNA-109
StincRNA-110
StincRNA-111
StiIncRNA-112
StincRNA-113
StincRNA-114
StincRNA-115
StiIncRNA-116
StincRNA-117
StincRNA-118
StincRNA-119
StiIncRNA-120
StincRNA-121
StincRNA-122
StiIncRNA-123
StincRNA-124
StincRNA-125
StiIncRNA-126
StiIncRNA-127
StincRNA-128
StincRNA-129
StiIncRNA-130
StincRNA-131
StiIncRNA-132
StiIncRNA-133
StincRNA-134
StiIncRNA-135
StiIncRNA-136
StiIncRNA-137
StiIncRNA-138
StincRNA-139
StiIncRNA-140
StiIncRNA-141
StincRNA-142
StIncRNA-143
StincRNA-144
StincRNA-145
StiIncRNA-146
StIncRNA-147
StincRNA-148
StiIncRNA-149
StiIncRNA-150
StincRNA-151
StiIncRNA-152

chr01:8739041-8740307
chr01:9460818-9461380
chr02:18101953-18103716
chr02:18871211-18872102
chr02:20097382-20100259
chr02:22969938-22971875
chr02:26915902-26917304
chr02:30674462-30677192
chr02:32005455-32006057
chr02:33801300-33801528
chr02:38967466-38971167
chr02:40315273-40316759
chr02:43564117-43567893
chr02:44806346-44807191
chr02:7842505-7843670
chr02:8710395-8711023
chr03:18700345-18703311
chr03:25511542-25512020
chr03:25900482-25901285
chr03:32560521-32562636
chr03:32566699-32569085
chr03:34762900-34764275
chr03:38429897-38431958
chr03:40882970-40884362
chr03:41312872-41313468
chr05:525800-528977
chr05:8546915-8548721
chr05:8824775-8825047
chr06:17204994-17205315
chr06:22318413-22319692
chr06:23181005-23182484
chr06:23183372-23183833
chr06:3090836-3092214
chr06:39437920-39439403
chr06:43007658-43009141
chr06:46519267-46520734
chr06:48412873-48413235
chr06:49779585-49781818
chr06:55989928-55992728
chr06:58439197-58439562
chr06:8004796-8005678
chr07:15616831-15618483
chr07:18960877-18964687
chr07:21089784-21093308
chr07:31094448-31099259
chr07:31431329-31435104
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Continued table 2. Names and chromosomal location of LncRNAs identified in potato under nitrogen

deficiency stress

Putative | name

Chromosome position

Contractual name

Chromosome position

StiIncRNA-47
StiIncRNA-48
StiIncRNA-49
StiIncRNA-50
StiIncRNA-51
StiIncRNA-52
StiIncRNA-53
StiIncRNA-54
StiIncRNA-55
StiIncRNA-56
StiIncRNA-57
StiIncRNA-58
StiIncRNA-59
StiIncRNA-60
StiIncRNA-61
StiIncRNA-62
StiIncRNA-63
StiIncRNA-64
StiIncRNA-65
StIncRNA-66
StIncRNA-67
StiIncRNA-68
StiIncRNA-69
StiIncRNA-70
StiIncRNA-71
StIncRNA-72
StiIncRNA-73
StiIncRNA-74
StIncRNA-75
StIncRNA-76
StIncRNA-77
StiIncRNA-78
StiIncRNA-79
StiIncRNA-80
StiIncRNA-81
StiIncRNA-82
StiIncRNA-83
StiIncRNA-84
StiIncRNA-85
StiIncRNA-86
StiIncRNA-87
StincRNA-88
StiIncRNA-89
StiIncRNA-90
StincRNA-91
StiIncRNA-92
StiIncRNA-93
StincRNA-94
StiIncRNA-95
StIncRNA-96
StiIncRNA-97
StiIncRNA-98
StiIncRNA-99
StiIncRNA-100
StiIncRNA-101
StiIncRNA-102
StiIncRNA-103
StiIncRNA-104
StiIncRNA-105
StiIncRNA-106

chr04:9443270-9443605
chr05:40640284-40642343
chr05:47627768-47629887
chr09:11471221-11473097
chr09:14904636-14906659
chr09:18590690-18590915
chr09:24989203-24993001
chr09:25082311-25083427
chr09:35689139-35689498
chr09:38933484-38934678
chr09:40195971-40199700
chr09:40903708-40904315
chr09:4372957-4373713
chr09:45568098-45569418
chr09:52994949-52997094
chr09:56426509-56427939
chr09:58631381-58632701
chr09:63758136-63759902
chr09:7741610-7742294
chr09:9865021-9867573
chr10:25255783-25257221
chr10:2856208-2858759
chr10:3356200-3357967
chr10:38064936-38066354
chr10:39029637-39031385
chr10:39710699-39713542
chr10:41570148-41572059
chr10:42603962-42605703
chr10:43339868-43340625
chr10:44107459-44110265
chr10:45895315-45897777
chr10:49419803-49420130
chr10:50689839-50690914
chr10:50696484-50697019
chr10:52409789-52411593
chr10:52927694-52929208
chr10:59498505-59500016
chr10:5956402-5959050
chr10:7665652-7667355
chr11:15027306-15029335
chr11:18914259-18916463
chr11:21749461-21751129
chr11:28764242-28764938
chr11:33635647-33641461
chr11:35782768-35783347
chr11:38795650-38796150
chr11:41752200-41753075
chrl11:46464639-46469217
chrl11:46474113-46476801
chr11:8694111-8695917
chr11:924189-925642
chr12:15623126-15624983
chr12:16316837-16319806
chr09:1268028-1268817
chr09:61123545-61125295
chr10:56210491-56210988
chr11:37600035-37601983
chr11:46531263-46531660
chr12:11354258-11354722
chr12:9404039-9405109

StincRNA-153
StiIncRNA-154
StiIncRNA-155
StiIncRNA-156
StiIncRNA-157
StincRNA-158
StiIncRNA-159
StincRNA-160
StincRNA-161
StiIncRNA-162
StiIncRNA-163
StincRNA-164
StiIncRNA-165
StiIncRNA-166
StiIncRNA-167
StincRNA-168
StiIncRNA-169
StiIncRNA-170
StincRNA-171
StiIncRNA-172
StiIncRNA-173
StiIncRNA-174
StiIncRNA-175
StiIncRNA-176
StiIncRNA-177
StiIncRNA-178
StiIncRNA-179
StincRNA-180
StincRNA-181
StincRNA-182
StincRNA-183
StincRNA-184
StincRNA-185
StincRNA-186
StincRNA-187
StincRNA-188
StincRNA-189
StincRNA-190
StincRNA-191
StiIncRNA-192
StincRNA-193
StincRNA-194
StiIncRNA-195
StiIncRNA-196
StincRNA-197
StiIncRNA-198
StincRNA-199
StincRNA-200
StincRNA-201
StincRNA-202
StiIncRNA-203
StincRNA-204
StiIncRNA-205
StiIncRNA-206
StincRNA-207
StincRNA-208
StiIncRNA-209
StincRNA-210
StincRNA-211

chr07:33464371-33464950
chr07:35229006-35230701
chr07:35233805-35234214
chr07:35473390-35473742
chr07:3667705-3668106
chr07:3668726-3669574
chr07:43200038-43206413
chr07:44427965-44428860
chr07:48191773-48192231
chr07:48192552-48193268
chr07:5158368-5160315
chr07:7309460-7309761
chr07:8767606-8770053
chr08:31727651-31731251
chr08:32024536-32028707
chr08:32030687-32030940
chr08:32626040-32627389
chr08:33460989-33463874
chr08:33497510-33497969
chr08:46194421-46196996
chr08:47953634-47956275
chr08:59188180-59189737
chr08:6215718-6217682
chr08:6736456-6737120
chr08:6742754-6745540
chr08:6757529-6758260
chr08:6758838-6759192
chr09:11047553-11048337
chr09:1139297-1140265
chr12:26077197-26080957
chr12:3011161-3011651
chr12:37518131-37520198
chr12:3975685-3978083
chr12:39906490-39907743
chr12:51210904-51212354
chr12:52011304-52011850
chr12:54058803-54061580
chr12:57383390-57385962
chr12:58579911-58581307
chr12:58583204-58583819
chr12:6096949-6101002
chr12:9511877-9514063
chr01:2265164-2267013
chr01:28590893-28591495
chr01:37487326-37490236
chr01:76969151-76972730
chr04:16859631-16860381
chr04:47746824-47747304
chr04:7731586-7732128
chr05:2910245-2912011
chr06:49063329-49066002
chr07:17615864-17616536
chr07:25657895-25658245
chr07:27564929-27565557
chr07:46817620-46819511
chr07:54860143-54860557
chr07:9561849-9562274
chr08:6208797-6209187
chr08:7315153-7317735
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Figure 2. Interaction network of target genes regulated by long non-coding RNAs identified in potato
transcriptome under nitrogen deficiency stress

1. Biological process: BP
2. Molecular function: MF
3. Cellular component: CC
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Figure 3. Functional analysis of target genes of DE-IncRNA identified in potato transcriptome under
nitrogen deficiency stress treatment
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IncRNAs involved in nitrogen deficiency stress by RNA-

seq method using gRT-PCR. Relative expression values for three biological replicates are presented. The bars
represent the standard deviation values
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Table 5. Evaluation of interaction between DE-IncRNA and DEGs using LncTar

Sequence name

Target protein Activity

StincRNA-162
StincRNA-161

Solt.DM.07G008820.1
Soltu.DM.10G017580.1

StincRNA-161 Soltu.DM.08G011960.1

Involved in phosphate deficiency, phosphate transport and homeostasis
Involved in the ubiquitination of proteins involved in the cell cycle
responsible for the isomerization of 4,2'4',6'-tetrahydroxychalcone (also

called chalcone)
Involved in the binding of the phosphate group to other amino acids such

StiIncRNA-63 Soltu.DM.01G051440.1

as serine and threonine, the phosphorylation of proteins for signal

transduction in the cell cycle.
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