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Abstract

Objective

Potato Virus Y is one of the most important damaging and limiting factors of potato cultivation.
Plants cope with harmful conditions by regulating the expressions of genes at different levels
including transcription, post-transcription and translation, using stress tolerance or resistance
mechanisms. Therefore, regulatory factors play a very important role in gene expression
regulation under stress conditions. Long non-coding RNAs are one of the most important
regulatory elements of genes. The present study was conducted with the aim of identifying
IncRNAs and investigation of their expression changes in PVY infected potato plants.
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Materials and methods

In this research CLC Genimic Workbench software was used for data analysis. After identifying
INcRNAs, the genes affected by them were also analyzed. Then, Gene Ontology enrichment and
KEGG pathway analysis were performed using STRING analysis and finally, the interactions
between the identified INcRNAs and potato miRNAs were investigated.

Results

According to the obtained results, a total of 3742 sequences were identified as novel INCRNAs in
PVY infected potato transcriptome, of which 769 were differentially expressed. So that 310
IncRNAs were down-regulated and 459 were up-regulated in potato in response to PVY infection.
Gene Ontology analysis of co-expressed genes with identified IncRNAs show the vital role of
these genes in various biological processes, biosynthesis of cellular components, protein complex
formation and signal transduction. Also, genes involved in biological processes related to creating
defense response against stress, hypersensitive reaction, trehalose metabolism, antiviral responses
related to RNA silencing and signaling pathways to induce systemic resistance, were co-
expressed with identified INcRNAs in this study. The results of co-expression network between
IncRNAs and miRNAs showed interactions between 56 INCRNAs and 5 miRNAs. The most
interaction was observed between INcCRNAs with stumiR6024-3p.

Conclusions

Considering the interactions between examined INcCRNAs and the genes involved in defense
responses against stress, it is concluded that the expression changes of these INCRNAs are an
important part of the response mechanism to viral disease. The obtained results can be a step
towards a better understanding of IncRNAs and their function in the development of PVY
tolerance and resistance cultivars.
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Table 1. The results of transcriptome assembly and characteristics in potato infected with
PVY

Attributes Lo S50 Value s
Number of raw reads  pb sl jiilgs sluss 170598126
Number of cleaned reads ous jue3 (slailes laas 162897754
Number of transcripts lacuigg, slaes 18239
Shortest transcript length (Nt) (154208 55) cudoigy Jgbo o yi0bigS 250
Longest transcript length (Nt) (1,542l8's) culgia,y Jobo oy paids 3150
Mean length of transcripts (Nt) (456 95) acudgig, Jsb uibe 404
N75 (Nt) 319
N50 (Nt) 394
N25 (Nt) 541
GC% 40

3939 5k 5l el Canday slacuigs, ggeme BT Gl w9 INCRNA gl Jlgi  olwlind gl
CnSgy 0AS IS Cudigig) Y dlami ol Cawddy guli o 58,5 18wy 3590 CPC2 I3l 5l edlitl b 0iiS0S (gla JIg
s3ibo 3L 0SS i (sla g5 ol PFAM o3ls ol 1 oslizul b o Jls5  suggidedls 4l b 5l ey 503 Bl 5 lolis
sl Jlg a0 03l slaoll blie )3 BLASTX jl esliwl b ssile 8L (sla JIg5 das dls po 3 bl a5 5y50 0AYD &
Gly B0 b )3 s )3 oad i SLINCRNA laicds 5 Sl 3L Jlg5 YVVA ggemme 13 505 Caodls ¥ (g s
o) @l B 23,8 L5 Ly 5,00 CANTATAGD o0l oSl b o syt cBINCRNA (cla Jlgs sy olisabo!
s b Jlgs plo g 15 A6 wejn oLS 55 03l ol ) Lawss INCRNA flgisds 00d i JIsf T8 oy
s 43,3 L > novel INCRNAS
085 5 0 LPVY g 4 039 amjicams Sl g 5 00 (Lol INCRNA (s I oy ()
by Jg VP s plolis JIg YVEY 5l as ol L Jobs zuls b plsl TPM (Transcripts per million) > 5
5 ool b 00 szt CLINCRNA [l it (siiiog)S 2353 0 <YL TPM 5 (DEG INcRNA) 31,31 L,
33 5 09,5 93 |y bl o 13 ) waws ;> EDGE 5051 s Emperical analysis of DEGS (¢,lel Julos g 4550
PVY & Soqll i oo byl ol a8 INCRNA sae ¥V e Joli Jgl 09,5 d0g2 fold change ,lsie 4 455 L ol

3 wong 4 039l cladiges )3 a5 INCRNA sac Y03 Jols pg3 04,5 ¢ (Down-regulated INCRNA) >g aiil jzals

). Protein Ref-seq
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Figure 1. Heatmap expression profile for IncRNAs identified in PVY infected potato
transcriptome. Red and blue colors indicate high and low expression levels, respectively
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PVY & 254
Table 2. The results of INcRNAs identification with the highest and lowest significant
expression in PVY infected potato

Up-regulated Log?2 fold FDR p-value  Down-regulated Log?2 fold FDR p-value
INcRNAs change IncRNAs change
Stu_ylInc14958 2525/277 1/34E-94 Stu_yInc26525 -489/136 5/02E-07
Stu_ylInc28844 369/3871 4/49E-16 Stu_yInc28231 -139/533 2/46E-05
Stu_ylInc25819 358/1566 3/45E-15 Stu_yInc17151 -117/137 0/000439
Stu_yInc28816 270/3379 1/93E-12 Stu_yInc9417 -106/059 0/001718
Stu_yInc14075 221/9646 1/34E-08 Stu_yInc16565 -82/9835 0/004807

(Y JSs ) wloss (gl (s (g5l size yoboas INCRNA 156 cos clay; baw o5 SPlICEOSOME 4 4,46 (clacglio
MIAWSE M1A1K1 M1A0G4 sl pign Jold ou b (g5lw & oo ) 3> slo gy degere

bl » 5e MICPZ1 4 M1CO059 M1B731 M1D1P2 K7WU45 M1C340 M1BQB1 M1BNV1
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Figure 2. Pathways from the results of KEGG pathway analysis with the most co-expressed
genes with IncRNAs in PVY infected potato
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e 3. The results of analysis of biological processes related to the largest number of co-
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Figure 5. The results of cellular component related to the largest number of co-expressed
genes with IncRNAs in PVY infected potato
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Figure 6. The results of IncRNA-miRNA interaction network in PVY infected potato. Blue
and red colors indicate IncRNAs and miRNAs, respectively. Yellow color indicates INCRNAs
interact with two miRNAs
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