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Abstract: [ Objective] Long non-coding RNA (IncRNA) is longer than 200 nt and generally does not code
proteins. To explore the effect of IncRNA on the expression of neighbouring SAUR genes under low

temperature, and provide a theoretical basis for studying the ability of rice seeds to germinate at low temperature.
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[Method] IncRNA SVR was investigated in response to cold stress in previous research of National
Engineering Research Center of Plant Space Breeding, South China Agricultural University. The secondary
structure of IncRNA SVR was analysed by bioinformatics, and the cold stress motifs within IncRNA SVR was
searched. The expression characteristics of IncRNA SVR and SAUR genes were analysed by qRT-PCR.

[Result] In this study, highly similar cold stress response motifs were found in the sequence of IncRNA SVR
and at the stem-loop junction. Expression characterization showed that cold stress during seed germination
continuously decreased the expression of IncRNA SVR, and the expression of some neighbouring SAUR genes
was significantly higher under cold stress than that at room temperature, indicating that the neighbouring SAUR
genes could respond to cold stress to some extent as well as IncRNA SVR. Expression correlation analysis
showed that the expression relationship between IncRNA SVR and these SAUR genes in low temperature
germination were all negatively correlated, and the expression of IncRNA SVR and OsSAURSS5 showed a
significant negative correlation. Further analysis of SAUR gene expression in low temperature seed germination
in the IncRNA SVR knockout lines showed that the decrease of IncRNA SVR in the knockout lines was lower
than that in the wild type, and the increase in expression of OsSAUR41, OsSAURS53, OsSAURS54 and OsSAURSS
was significantly lower than that in the wild type. [ Conclusion] IncRNA SVR is able to negatively regulate the

expression of OsSAURSS, further respond to low temperature stress.

Key words: Oryza sativa L.; Long non-coding RNA; SAUR gene cluster; Low temperature stress; Transcription

regulation; Seed germination
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Table 1 ¢RT-PCR primers used in this study

4 KK Name
IncRNA SVR(H F I = KiE

For temporal and spatial expression)

IncRNA SVR(FH T~ R i B A4

ID/ZE K Gene
MSTRG.182510.4

J¥%1(5'—3") Sequence
: TCTGTGCGATGAGACTCAAGGAG
: AGCCCATAACGTCATGCTTGC

1

MSTRG.182510.4 TTCACAAGAGACTGTCCCATCGTA

For gene knocked out material)

OsActin Os03g0718100
OsSAUR39 0s09g0545300
OsSAUR40 0s509g0545400
OsSAUR41 050920545700
OsSAUR44 0s09g0547033
OsSAUR4S5 0s509g0546100
OsSAUR46 050920546200
OsSAURS1 0s09g0546700
OsSAURS3 0s509g0546900
OsSAURS4 050920547000
OsSAURSS 0s09g0547100

: TGCTACGAGAACCACGTTTGC
GAATGCTAAGCCAAGAGGAG

: AATCACAAGTGAGAACCACAG
CCATGATCAATCCTAAGAGGCT

: TGATCTTTTCCTCACCTGTGAA
ATCTTGATTTGTGTAGCATCGC

: GACAACAACCTGACTAGACTGA

: ACCTCTCCCCATGTTCTGGT

: ACCCTGAAGGCGACTATTGC

: TTGTGTCTGCTTAGGAGAGATG

: TGTACAAACAGCAAGTTGATGG

: CAGCTGAAACCAAGATCAACAA

: GTGCAGCACTCTTCATTTTCTT

: GAGACTGGTTCAATTGGCAAAG

: GAGCATTCTTCAGTTTCTTGGG

: GATGGCCTACCTCGCTGCTG

: GCATTTGGTTGGAGACAAGGC

: GAGTATGTCCTGTGCTTGCTTA

: CAAGATTTCACAATGGTGCTCA
CCACAGCGTATGTCGCAGA

: GATCGCCGTGTTGAGGTACA

AGAAATGGCGAAGGATGGCA

: AACCTTGGGCTTCTTCCGTC

A W T T T E®TE®ODE® WM I TR TRE®TRAET T D

RNA &5/ Tl o
14 BUESHFER

H Excel 2016 %f jr A ) & S 55 70 i, K
FAAER € 8 7 34T 0 A, i 5 N GraphPad
Prism 9.5, T2 R K,

2 RS0

2.1 IncRNA SVR F5IHREFE4 BN S &+
TIRES K TRINES R W], IncRNA SVR [ 1+
TREERSN I RGN, B 4 MR — W)
W5 Z AN, 5/ H HEEN-716.36 kI/mol
(Kl 1A). Di %P i ] RNApromo Tl 1 H 4L R ik
W25 73 411 IncRNA IR 751387, 25 4,
3£ 80 > IncRNA, Hr R I T — 16 5 s A1 5% ) 45
FEEF . B, RIVE & AU FIZE3F (AUC=0.948,

E=3.1x10"*, P<0.001) X4 Whia G [ B, 1204 6 i
MR ST T N AGAGAAAGAAAG, X S {57 KL
Al RESE 3 B RNA Z5 1 1 B 8 1 R R . A
EMBL Water (1) 50 % i —yRRF 2 BI04 38 g )3
FJF A1 IncRNA SVR JFFIHEAT AT, KB IncRNA
SVR %3 X AN 17 5] AGAAAAAGAAAC 1%
{57 5 MBI IX 83.3%(10/12), ZFEFAL T H —
R AR ZEIAAH R AL (B 1B). 2 g KK,
IncRNA SVR W #4715 T2 k38 ¥4 16 g 7 3
JF e BEAHAULPE 7 41, 1X 35 B IncRNA SVR 1] RE2>
M SR 00 455 3
2.2 EIRFAEKETKIEMFH IncRNA SVR #I5E

B

R IR 5T & B IncRNA SVR 1E /KRG F 1o 5
WL 2R e R B R e, A T HE— B RE IncRNA
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AGAGACUGUCCCAUCGUAUCUUUUCUUGUUUGCACUAAU
UCACAAGAGAAACACUUGCGAAUUAACAUGGUUCCCAAAA
UUCACAGGAGAAACACUCGCAAACGUGGUUCUCGUAGCAU
CUUCACAUGAAUCUCUAUCCUUGAAGCAUCAAAACGAAAA
CCCCCAAAACCAGAUCACAACCUCGGCACCAAACCGUGAAA
AAGCUUGAGAACAAAAGCACACGCAUCACACCUCACAGAUC
AUCACACAAGAAACCACACCGCAAACCAUGUCAUCCUCCUC
AUCUAAUCACCCCCAACACCUCACUCCACCACCCCACACCAA
AAUUCCACGCCACCGAGGCACCGAUCCCAGCAAGAAAAAAA

AAGAGAAAAGAGAAAAAGAAACAGCCAAACUCAACCGAAC
858  AGAGAAAGAAAG <— Y S EL Ve 53
AGAAAAG Cold stress response motif
B: IncRNA SVR 5¥ it 5 5 (¥ 7 51 EE xof
B: Sequence comparison of the IncRNA SVR
with the cold stress motif

LLARRAR R v T S e o AR DL S B B C bR A 5 w4 T i 7 35 P A7 v AT ) P 91

The positions of highly similar sequences to the cold stress response motifs are marked in red, and the sequences showing high similarity to the cold stress

response motifs are marked in yellow

El 1 IncRNA SVR F5Irh 724 607¢ BB R 2
Fig. 1 Cold stress response motif in IncRNA SVR
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AT . SRS, 134 5. 7 d i% IncRNA SVR 7
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Fig.2 Dynamic changes of IncRNA SVR expression in
seed germination at room and low temperatures
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WS 7dRREEHEET 0. 1.3 d, 1 EAK
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Fig. 3 Expression analysis of SAUR gene cluster at room and low temperature

TARIRAIHE S . OsSAUR46 1EH IR 1.3.5.7d 1
KEELHEZER, HHKT 0d; HAEMKE T 0.1
d IRIEKTPIEARELT, 75 3. 5. 7 d RIE EIHEA
TR¥EE 0 d AHFEI7KF, BARER N MRIAKFHE
e T T, U B R G R B A R sz B T —
ERIE S . OsSAURS1 5 OsSAURS4 fEHIR T 1d
(2T & T HAES (8] 5, EKIR T 34 5.7 d 3R
ik S BRI KST, S AR E AERIR N
FIEKF I & T iR, P 2 AN AR i R it
Rz 2 TREM®EE R, OsSAURS3 5
OsSAURSS fEHIR N 1. 3 d IRIE/K P4 E R R
K, 5.7 d INRIEKTE 0 d Bz, 32K
REPIRAS: ZEARIE T 3. 5. 7 d R IAE T R8T
K, BHE & T 04 1 d, IXRBAEM T &5 H,
ZHEN 2 BMRIR R 5 R

PLESER LW, OsSAUR39. OsSAUR40.
OsSAUR41. OsSAUR44. OsSAUR45. OsSAUR46.
OsSAURS51. OsSAURS53. OsSAUR54. OsSAURSS 1
R AR IR B R R R IA KR ZE R ROK, H,
OsSAUR44 OsSAUR46. OsSAURS51. OsSAURS53.
OsSAURS54. OsSAURSS, 15 I FEH 12 3] TR
HAIES, OsSAUR44 fEARIRAGH S 5.7 d Rik &
B, IRALBE AT ARF 825 S OsSAUR46 A HLFHK
KR YERFE— /KT, OsSAURSI 5 OsSAUR54
ZEUREMRINE S, T HERE N R E B
LEBCNARAL, OsSAURS3 5 OsSAURSS (EF Tl &
Je HA AR 52 BMIGR 1 5 205 3 B2 P H AR AU ) Rk

B, BARIX LA 5L K & T R — A~ SAUR £ A
5, AH R TEH IR AR E T M RE AR KX
Sl G AT I A I PR R AN [ 3 B R A [ B R I () i 3R
KBNS, X it — P 9T SAUR 5= BRI f% i 274
iatise BRE B RS EE L.
2.4 BT IncRNA SVR 5 SAUR EFEFRIARFE

X

TEHT T BT AR, FRATT 0 A 1 AR Y
AFUF R IncRNA SVR Fll SAUR # [R5 op 4%~ 3
()25 I, D IncRNA SVR Fl SAUR 3K 7]
RE2 e LI 8, Dy idk— 0 BRI e A 2 TR F e 4%
KA, HLEIFRCIE T IncRNA SVR 5 SAUR %
(Rl R IA I AH G173 o DUIRIR R IncRNA SVR Al
SAUR J:[H 0 d B )Rk EAE IR, EH T 6
B A (1034507494 11 d) #EAT M =04, 4551
(/" 4) £, IncRNA SVR )£ L5 OsSAUR39.
OsSAUR45. OsSAUR51. OsSAUR53. OsSAURSS
FRIEMM KR A E, H£9 IncRNA SVR 5
OsSAURSS W3k 235 W FUAH G R &, Bk,
IncRNA SVR 7] 51X 8 SAUR F& K475 F-Fp i 12
ML, EAR P RE .
2.5 IncRNA SVR 5 SAUR ERE 5 RIEE

HI AT 70 38 i Cas9/CRISPR £ AR Al T
IncRNA SVR [1J 2 N & RAK, 53N crine-5
(ACTT K crine-11 (T §K), WIE S fim. NT
BB R FARIR M T IncRNA SVR 5 SAUR £
PREWIERXR, AMMEELHE 2.4 d FAF
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