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Abstract
Objective

Sugarcane is one of the most important industrial plants used in sugar production, as well as in
the generation of biofuels such as bioethanol and electricity. This plant is native to tropical
regions, and cold stress is considered the most significant environmental factor limiting sugarcane
growth. According to available information, some long non-coding RNAs (IncRNAs) play a

significant role in adapting to environmental stresses, including cold stress.
Materials and Methods

In this research, after obtaining the sugarcane reference genome from the NCBI database and
aligning the sequences, gene frequency was estimated using RSEM software. Differentially
expressed genes (DEGs) were identified using the edgeR software package. Subsequently,
BLAST2GO was employed to perform gene ontology analysis and classify genes into cellular,

molecular, and biological categories.

Results

Based on bioinformatics analysis, 170 genes showed differential expression under stress
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conditions, and 64 IncRNAs were identified using four parameters: sequence length, CNCI,
CPC2, and ORF. Since their target genes are linked to cold stress, the expression changes of five
InNcRNAs were evaluated for the CP73-21 variety. For this purpose, leaves from 8-week-old
sugarcane seedlings treated at 4°C for 0, 12, 24, and 48 hours in three biological replicates were
used. To confirm the effect of cold stress on the seedlings, the physiological damage indices ELI
and MDA were measured. Both ELI and MDA indices increased over time. According to
bioinformatics analysis conducted with edgeR, the expression of IncRNAs coded as numbers 1,
3, and 5 increased during cold stress, whereas the expression of IncRNAs coded as numbers 2 and
4 decreased. Examining the relative expression levels of the target genes coding for Cpn60, Zipper
family gene, WRKY, SAT1, and CBF revealed an increase in expression for all five genes,

generally following an upward trend over time.

Conclusions
Based on the present study, the increased expression of these genes and their associated InCRNAs
compared to the control plant suggests enhanced plant tolerance to temperature stresses, including

cold stress.
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Figure 2. Ontology diagram of the biological processes of sugarcane studied sequences
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Table 4. Variance analysis of ELI and MDA index due to cold stress in leaf tissue of CP73-
21 sugarcane plant

Wl 65 gl Cud gy i RSN O gty 2slio
MDA ELI df Source of Variation
321.111** 337.417** 3 treatment (Loyuw i) Hlo
0.583 0.583 8 error s
12 total Js

zzindicates significance at the 1% probability level.
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Figure 7. A) MDA content and B) ELI index in the leaves of sugarcane under Cold stress in
the time period (0, 12, 24 and 48 hours), respectively
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Table 5. The relative expression level of studied genes due to cold stress in sugarcane variety
CP73-21 leaf tissue

Cold treatment o yw ,lon Gene name 45 @U
J s celw VY celw Y€ celw €A
control 12 hours 24 hours 48 hours
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1 5.7 4.6™1 3.5™1 WRKY family
1 1.6™1 7.3™1 1.2 SAT1
1 1.8™1 1.4™1 1.2 C-repeat (CBFs)

gy ley Jobo 55 0 ssmlie iul38l ¢ oy lis iolj8l aals b dwslie )3 boyw (i balys 3 CPN6O (5 s o)l
oy el Cawddy OV i s Loy i Caslis YA Sloj slows 50 nd ole line (i 45 (IS 4 iy (390
Wy (g3gm0 Ng) yloj Job )3 Juols isliél 5 cél )58 CPNB0 o5 alie Zipper family 5 s by oy
999) )95 Glo 65N Lopm (5 31 53 0 Jools Loy 15 caelow TA Sloj sles 3 (V/F) ple Oliee o disten
9 w5 4 1) ol Ol S 9 e & WIS @ 0 J95 o ol R N, Ll 8L Ll 5 WRKY
2 oke ol oy i SATL o5 (amws o Sl oLl )0 s ¥/0 5 0/V Lo sse b celw A 9 VY Sloj jlows
o ime ial8l sals b auolie )5 cael YA 5 VY Sl (laylo 5 dol oy (V/Y) Lojur (55 5 Lo el Y loj Lo
3 g caibly Gl il aels 4 cans o] Glo ol bl 4 aslge flo (ial38l b oy 25 51 ) 55 CBF 5 sl
(A JS8) ey VA ae & el WY jlowd )0 omd Sle e o5 i
) 2988 (s A8 5 )b 2o )3 B 3gas &S )5S SH Tl Y guaze | (6 plgis 4 St ol Coenl 4 d2g7 L
oz 3l 5 i ol (g)lomr Copanl P o] () o 5 ) SO S 9 S Ly (gloaiigy S (oo (el
S g oy 3 IS 0bS (53395 5 (sl 3 JHSI L g i I8 15k olS 3 Shae g0y Jaoes (sl s
3 g o oS 5y e 1 9 3,Skee SE8lS 1y S5 e Calel 3 0y 5 JUb (y5em] (sl bl Syl
o i3 glgil sl cows a5 csl gy Bblio ) Jaoie &Y game 3350 Ll Al aLS (i & Jood sl panilSe
b g el liwjed il St casS gla il oy Sere j1 (SS Loy i (Zagorchev et al. 2013) sua
ARA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



RN,

V&€ ‘dl)&w,dﬁ,w

wamsml,

ilie Jlast gla s oly il 5 cals p ealally el )5 SleMbl Gzalidl g (T 4 gl 3 baye o) ol Slywsd ()2

g Jals LiSely (25 oyl L

9

8 0 m12 m24 w48 T

7

f

6 ; f
c 5 I fe
2 ef I
S 4 d & e €
L d = I
< 3 & I
3 c b
E a a a a & b a B b 4
E 1 = = 2 == = = = = o=
(5]
T 0

Cpn60 Zipper family ~ WRKY gene SAT1 CBF

(el EA 9 TE AT o) (loj 051 43 o juw (5 05 Lo jaw ay S5eanly (o daw (i (5LogSU1 A JSUS
22lgils (45 CPNBO gy Gt LN i 3 d -1 . GRT-PCR Julowi 9 4y 325 &b
S YOACT g, 5l esliiew! b (55 ol JsBgy . p < 0.01 e .CBF ¢ SAT1 WRKY Zipper

v

Figure 8. Expression patterns of three cold-responsive genes under cold stress in the time
period (0, 12, 24 and 48 hours) through gRT-PCR analysis. A-E expression patterns of
chaperonin Cpn60, Zipper family gene, WRKY, SAT1, and CBF respectively. **, p < 0.01.

Gene expression profiles were evaluated using the 2744¢T method
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