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Transcriptome Analysis of Response to Low Temperature Stress in
Dongxiang Wild Rice at Seedling Stage

BAI Liweidan, DAI Liangfang, CHEN Yaling, ZHANG Fantao, XIE Jiankun, LUO Xiangdong*

(College of Life Science, Jiangxi Normal University, Nanchang 330022, China)

Abstract: In order to study the response mechanism of Dongxiang wild rice (Oryza rufipogon) to low temperature
stress, its RNA-Seq transcriptional expression profile at seedling stage was studied. The results showed that a total of
10 200 differentially expressed genes (DEGs) under low temperature stress were detected compared with control
under normal temperature, among which 5 201 DEGs were up-regulated and 4 999 were down-regulated. There were
426 DEGs located in the reported QTL interval of cold tolerance in rice, and 37 of them were family genes related to
cold tolerance regulation. Go functional classification and KEGG metabolic pathway analysis of DEGs indicated that
nucleic acid binding transcription factor activity, amino acid biosynthesis and photosynthetic metabolism were
involved in the response to low temperature stress. The expression patterns of 12 DEGs, including ABA response
protein gene, MYB transcription factor and 40S ribosomal protein SA gene, might be related to low temperature
stress response by real-time fluorescence quantitative PCR analysis were consistent with those of RNA-Seq. So, it
was suggested that plant hormone transduction pathways and transcription factor-related regulatory genes could play
an important role in response to low temperature stress in Dongxiang wild rice seedling stage.

Key words: Dongxiang wild rice; Low temperature stress; Transcriptome; Cold tolerance gene
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{H FAFAE L4 1.50%107 hm? (¥ 7K R 78 AN [7) A K it
W2 F BT, BH FERE EA, A KAR
PSR, R, RS, &
[ 45 4F AR IR 74 3 G BUK RS IR 5.0x10°~1.00 %
10" kg, [k, WEAKREmAPLE], 55K RS
FETERE, 5 & KFE A HT Bl B A B B R 52
B L

A 2 B AERE(O. rufipogon) 4= ER 2> i fie b )
B AR, e DRIV LR AR A R AR
SRR VA 1A e F i Y S PRV RR A, P ST A ) T ¥4
VESS)5R TRERE, T 2566 52-12.8°C i 22 4stlact oL,
DRl A 70 AN R FH 2R & B A A 0 i 4 12 52 212
KiE. BINLER 2 B AEREROm At 5 1P . e
PERFE R A7 A7 (quantitative trait locus, QTL)Z 4 A1
Z R RIEWS T O T RE TR, R, R
EZ e oy TP e G k| BEEE Sy = S N w2
A FNAS [F) 245 58 J7 v IRl T v QTL # H L 4L
A X SR R RN ROR 22 57, AT UMUK, R 2
AR R A R 205 SR LA 479 2R i DA 3R B0
W, HE— B AR NE N R 2 B A RS A EE R 1)
VAR 8 S oy 1 WL, B B O 0 fE N I

T SR KT 1A R 428 e A ) A AR B ) — ol 4
A, SHEFAEAE B BT/
AR i H A N Ry J — P E 3 oK B SRS HE ) 43
Wik, STk, A SR AT IR T A A 10,
I FH 8% 3 21 22 I 352 R (RNA-Seq) 7 M H 4R £ 7 4=
FEAR TG M 38 N A TR G 77 25 A T 1) 2R R 08 1 ARy
fiE, FREZE S RIAF R E B4 . KA gRT-PCR J5
EO T R ZE e R OA B R () R R . s
1) 2 DR R A 1 40 5 4 B K R A AH DR B QTL
SERBATEA b, RTEHE AR 2 B AR v A oG 3k
DR\ ) B 2R 2 B A g 7 fRGHR: 2 1) 2 5 AL i 2
B -

1 MR

1.1 pht

B B EVI RS R 2 BIR 2 BT AR
(Oryza rufipogon) . 1 Fh 1 & T 50°C KL FE - 115 3 d,
Pkizk 50 KL A A1 3% NaClO 7 15 min,
TEVE 3, T 28°CIF 3d M, KEE M T
BT 2AJELRTT 90 mm <10 mm ;3R M A, FRiR

KA 8~12 mm J5E T 28°C. 44.9 umol/(m? s).
JGHE 14 hd DGR FRAE TR R IR, NN MS B TR,
kR 5d B 1 . fFKE 3t 10, BRESSH,
R . M AET S A, — T i
(DY1. DY2 I DY3)&E T 28°C N iIEH 3% H—4A
NAGFEZH(DYLL. DYL2 fil DYL3)E T 8 CAMHE
WhFE 72 h, B 3 WAEMIFELE .. LR,
Wt i WA RAE, B T80 CUKAR P IREH .

1.2 ik

RNA $RE. CEWHE KA Thermo Fisher
Scientific 2 & ] Trizol {74, 2 Qiao 25 )7
TRIEHUR 2 WP AERE LT 10 RNA, FH B IR B Bk R ik
I3HT RNA [ 5E BRI 2live i, RIEAL BT R E0R
VG BRI AR AR 5E K RNA FIR$E, @ES
¥ J5 _EHL(Numina HiSeq)iE 47l £ TAE .

WFPEAEM T DT B CASAVA ikt
ALy Fastq 4% 207 51454 (Reads), Horb &
DUFE Fr BE R 514 BN LG B e i 2 E e X
JRAG AR AT I U, EBRESL . & N. K5 & Reads
Jr 1581 Clean reads, 2851t 5 Q. Qs A1 GC & &
A5 AT EH IR sty T 28 A TR ASE R v R S A R 2 R A
#H (https://www.ncbi.nim.nih.gov/gene/), %533k
RIZH R S], # Clean reads 5 IRIEHI AL XS . %
H String Tie P& ¥k AJ5, FH Feature Counts
THEL WU BB AN R R B, AR S RS L (R ) K
THEAEANSE A ) FPKM T 5 3012 JE R A 3 5, )
F DESeq2 73T P4 AbFE ] ¥ 22 52 KT8« ARG DA
P<0.05 LA X |log,FoldChange|>1 1 2 7 ik 3L A
f) 975 1% 48 . 83T clusterProfiler R # /sl % 7%
EER GO & 0 Ml KEGG B % F R IAH H
Mgt s %,

ERREEFK qQRT-PCR BIE 2 Luo
00773, H Trizol WA RNA J&, %I
#3875 & First-Strand Synthesis of cDNA Kit (3
ISRV ARA R A ) U 1T cDNA 35—
BERI A R AR CDS (Wi Fr51) i it Ja 4k gRT-PCR
MRS 51 9, B sl it A 5 B B A E R
HIRFHE A F A (), %8 SYBR Premix Ex
Taq Il (2x)(TaKaRa Jb 50 A4 AR A R 2 ) Ui B
4, 769 % % & PCR {X (3% [ Thermo Fisher Scien-
tific 20 @)kl 12 AN 22 S Rk FE R ) Ak 1 e, DA
Cyclophilin fE AN 25 K. PCR Jx i {4 % @ AR


https://baike.baidu.com/item/%E6%95%B0%E9%87%8F%E6%80%A7%E7%8A%B6%E5%9F%BA%E5%9B%A0%E5%BA%A7/5105508
https://baike.baidu.com/item/%E6%95%B0%E9%87%8F%E6%80%A7%E7%8A%B6%E5%9F%BA%E5%9B%A0%E5%BA%A7/5105508
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%29 &

20 ul, b Taq AR 10 ul, L. FiF5I%
0.4 pb, B 2ul, KEKT7.2uL, M3
WEE ., RFMNEFAN: 5CHAN 5 min, &5
95°C 30s, 65°C 30s, 3t 40 MER, HXTFREE
DL 27AACT 5,

2 25T

2.1 HRAN PR

SR £ WAL HEE RNA JE HE TR S,
AT R 4G B 4% 51 Reads; 4y 771K i &2 4040,
P HPHE, BJE 3k Clean reads 4y 47 041 126~
51 358 394, (5 LK1 93%~97%, £V A 0.03, Qo
BT 95%, QaoJimT 89%, GC Fr&EZIN52% (F
1), KUK Z B ARBL I R (sl e o B R AT

R L AN s T A

Table 1 Quality test of transcriptome sequencing data

2.2 ERRIEFERMRIRG S

R UL P 3T SRR L AR 1 2 R s ke A SR IA
Ak, FRIA ZE AR B AT DL s i AR R R sl
T b BRRE . X 22 S R 1A & [ (differentially
expressed gene, DEG){ & AT Gt 7 Hr 3 B (K]
1), 5 DY Mtk, DYL 1 P<0.05. AHX}FKiEKI
4 %} 18 |log,FoldChange|>1, Bl % ik 2 5 |log,FC|
KT 2 £ DEGs A 10 200 4>, FiAZEk A 5 201
A, 15 50.99%, NFRIAMIA 4999 1, 15 49.01%.
X G R PR R IA 72 SR BE IR, [log,FCE 24 1 7E 10
LA, 5L 90.18%; |log,FC[>10 f¥] DEGs 5 24 1,
Hr 214~ BIASRIE, 3ANNHERIS, E 1 T3
ik LIE 24, 3 SRR 6 N, 4 SRk
24, 5 5 REmE 44, 11 SYREME 54, 5
2. 6. 8. 10, 12 SYMfR% 14

FEih Sample Reads Clean reads % R Error rate Q2 Qs GC /%
DY1 52 974 854 49 271 326 93.01 0.03 96.93 92.14 52.33
DY2 53600 074 50934 142 95.03 0.03 96.73 91.70 53.71
DY3 52998 110 51 358 394 96.91 0.03 95.42 89.23 53.10
DYL1 49 411 866 47 044 094 95.21 0.03 96.60 91.46 50.79
DYL2 51774 334 48 569 268 93.81 0.03 96.99 92.23 52.06
DYL3 48 860 690 47 041 126 96.28 0.03 96.97 92.18 51.29
DYL DY ‘ M 2 AJLVEH, Fik FAMERTE 5 ERE
ol ; %ﬂ UDeBl B S T (MIEE ABA. 24 ETH. %l LAC).
P AEMENO20390 AR S, FIREE S WA TR
padj<0.05 %z\ %‘g fﬁ\“*ﬁ‘tﬁ*ﬁ%o
|log,FoldChange|>0
150
2.3 ZERREEFEMWA QTL XA KBS 3T
- RS 5 A R ERER, K
g 100l llog,FC|>1 [*) DEGs 5 LA ¥ QTL 4T H & LT
g A GriT, GERERW], U4 426 /> DEGs HI Ll map | 2
& AU ERFFEERIE R QTL X 8], Hr 1 S ik
solb i EfH 614, 3 55AKH 361, 455G E 50
A, 5SS 156 4, 6 S EOEF 214N 75
etk 69 4, 8 S YLk 33 4.
1301 F sy 578 WRKY. AP2/ERF. MYB. bZIP. HSF
i 7o o1 5 > 5 % MR L TR AE A 2 /KR 0 AR K K B R

log,FoldChange

B 1 EREFRE KA

Fig. 1 Volcano map of gene expression

H AN, KBTS RE, A T QTL
[X_[8] PN 1) 426 A~ DEGs H, A 37 /N 4 18 15 48
KM FER (K 3). FELTMREMIAE, WRKY,
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3 2 |logoFC[>10 [ .3 7 - Rk H F

Table 2 Significant differentially expressed genes with |log.FC|>10

ID log,FC P Fij; Efion
0s01g0644200 10.835 239 29 4.84E-18 -
0s01g0947000 10.987 543 65 1.40E-08 -
050390168100 12.274 984 26 2.86E-24 R R 9 & & (1 16 Late embryogenesis abundant protein 16
050390226200 11.797 337 13 1.81E-21 14125 1 2 Hemoglobin 2
0s03g0233900 11.769 414 38 5.39E-21 4T 1 1 Hemoglobin 1
0s03g0745000 10.640 932 18 2.39E-11 TS SR F A2A Heat stress transcription factor A2A
0s0490121800 10.025 555 32 7.30E-30 -
0s0490610600 11.446 361 50 3.92E-19 SR IG 2 25 = & 19 3R 11 /5% 18 Late embryogenesis abundant protein 18
050590206000 12.062 298 27 1.53E-23 ¢ AKimgmig ik 14 C-Terminally encoded peptide 14
050590206100 11.372 033 56 4.08E-27 ¢ R Ik 11 C-Terminally encoded peptide 11
0s05g0381400 13.255753 71 1.80E-25 FE [ 1 Plasma membrane protein 1
0s05g0542500 11.161 144 95 8.37E-143 R RRRE H & & (1 3-1 Late embryogenesis abundant protein 3-1
050690681200 13.166 729 70 2.77E-27 LALLM FERR [ 18 Early nodulin like protein 18
0s08g0529000 10.105 014 22 1.59E-16 PIN #5 4 5B PIN protein 5B
051090133166 10.281 571 60 6.49E-16 -
0s1190168500 10.037 036 68 7.75E-28 Z WA MK 7 118 Ethylene response factor 118
0s11g0181200 10.161 641 03 7.14E-14 -
051190451700 11.789 483 03 2.23E-22 it /K & (1 6 Dehydrin 6
051190454000 10.886 422 27 2.41E-18 ABA i £ [X] 16C Responsive to ABA gene 16C
051190533400 12.281 814 90 4.61E-23 -
051290257600 10.018 601 49 4.69E-15 1 28 Laccase 28
050290646500 ~10.458 935 46 1.41E-07 A Aldehyde dehydrogenase
0s03g0843800 -11.87 6989 10 9.90E-155 Xt RAEJZTEE 1 Harmless to ozone layer 1
0s03g0417700 —-10.209 978 51 7.08E-17 ki Grain length

AP2/ERF. PP2C. bZIP. HSP70. HSF 5 Jk 3L X Al
IR R 8 AL A ) DEGs #F_I- i #3%, 1M ABC #
BEBFGERN T LS, HRFGRERSE -
WA N ARIEMIER (R 3); 0F 89 MEFE AOX,
petidase-S8. p450 &5 HE Wi 1 11 AH 5 1 Ho A 2 ik
FEH. BeAk, @k E] 1M log,FC|>10 HIhRE M A
itJE ) DEG (0s0490121800).

2.4 ERFRIXEF GO ThRERMT

GO &M (F 4), |log.FC|>1 ] DEGs & %5
896 %% GO vER:H, Horp A1t #2 (biological process,
BP) 5 48.19%, 4HAE4143(cellular component, CC) /5
12.72%, 571 Hj8g(molecular function, MF) /5 39.07%,
YA K 202 RIS R 5 — LAY DR B
Ko BP R B EEAEAIENE AN E O
(GO: 1901566, 251 M), f/K &R EHITFE(GO:
0005975, 217 ) /I3 FARHE FE(GO: 0044281, 194
ANYFIZH AR A Qe F2 (G O: 0043603, 188 4N)%5 4/
J7TH; 7E CC 3 B8 SEE 4N L5 (GO: 0005737, 272

A BT BB (GO: 0044444, 228 /N)FITEE 4 A 4%
(GO: 0043228, 168 1M)%% 3 U7, £ MF HHE2E
AR IS RIS 5(GO: 0022857, 197 ). HER4:
A SR 75 (GO: 0001071, 190 M) % 2 N J5THT .
XRYEMERIE TS, RZBAEREITE T E Rk
IR, ¥ B A NLBA S A6 i 4R
LR 50 43 A K Ak A AR U 5 2 W 2 h e D T ) 3
PRI R o

25 ERREEFN KEGG RIFHEMT
NRFEACR I E TR 2 B AR A& AR 1 A
&, ¥87 DEGs [MAEY)~ATfiE, % DEGs #t47 KEGG
UL & R HT R (8] 3), DEGs JLE 43 113
FAa Tl b, FEE LA (ribosome, dosa
03010). FLAZ AWML BB L) & 4 (ribosome bio-
genesis in eukaryotes, dosa03008). Z IR A&
J% (biosynthesis of amino acids, dosa01230). Y& 1E
JH (photosynthesis, dosa00195)%siE % |, iz
il E% & R DEGs : % . A 3 2k IBEK #8558



620

T A R )R

%29 &

% 3 % QTL X[ A I S e (]

Table 3 Family genes located in the QTL loci of cold tolerance

K Family ID log2FC P Iifi& Function
WRKY 0s05g0583000 3.836 580 966 1.66E-13 WRKY 2K 8 WRKY GENE 8
0s05g0474800 3.537 004 773 2.55E-07 WRKY 3:[H 70 WRKY GENE 70
050590565900 4.483 967 975 6.11E-09 WRKY 3K 49 WRKY GENE 49
MYB_DNA-binding 0s0590543600 2.697 716 138 0.000 581 547 MYB Z:[E OsMYB86-L2
050490583900 5.825 651 135 1.78E-39 M 1 T AR K Late elongated hypocotyl
0s0590553400  —2.945 141 429 1.85E-17 R2R3-MYB # 3 [A-F R2R3-MYB transcription factor OsMYB55
0s08g0450900 2.958 708 225 0.001 813 088 -
0s05g0442400  —3.170 777 002 2.88E-09 MYB DNA &t & i e 1
MYB-like DNA-binding domain containing protein 1
AP2/ERF 0s01g0868000 2.694 991 640 3.14E-10 A7V 57~ 99 Ethylene response factor 99
0s059g0420300 4.723 051 012 3.41E-05 )i R PH § 131 Ethylene response factor 131
0s0590420300 4.723 051 012 3.41E-05 ZJfim LK 131 Ethylene response factor 131
PP2C 0s03g0268600 4.370 127 993 4.16E-50 B SRR 2C30, & (A BEIRNY 48
Protein phosphatase 2C30, protein phosphatase 48
05040584300 2.855 149 847 1.92E-08 B HBERLEY 2C 43 Protein phosphatase 2C 43
050590457200 3.392 170 580 4.41E-23 R EATERREE 2C 49 Protein phosphatase 2C 49
0s0590572700 3.990 222 093 3.40E-11 -
bzIP 050190867300 2.780 010 306 8.98E-53 b-ZIP #%3%[K-F 12 b-ZIP Transcription factor 12
ABC BiZEH 0s03g0281900  —2.660 992 860 7.25E-05 ABC FZE M G KM 5
ABC transporter ABC Transporter G family menber 5
FefR A 050190839100 4.390 115 156 4.74E-19 R A 179 Zinc finger protein 179
Zinc finger protein 0s05g0579300  —4.103 085 431 1.15E-17 BEFR AR RR S sk R T 6
Zinc finger homeodomain class homeobox transcription factor 6
E=h (i 0s0190852100  -2.874 289 272 2.72E-09 AR 5 5 48 Receptor-like cytoplasmic kinase 48
Protein kinase 050190832900 2.282 067 202 7.21E-05 24 5B BRI 1 Serinefthreoine Kinase 1
050590545400 3.162 769 983 1.02E-17 R RS Protein kinase
0s05g0550800 3.026 412 308 6.90E-09 B Protein kinase
0s0790628700 —4.989 943 614 5.95E-47 2 40 Protein kinase
050790618400 2.650 915 963 3.09E-23 B M Protein kinase
0s0790574100 5.428 104 608 0.002 547 104 2 40 Protein kinase
0s0790628900 —3.198 008 619 1.86E-18 FE AW Protein kinase
0s07g0637000  —2.773 645 455 6.70E-15 1 22 R R S B A LA A O 21
Calcineurin B-like protein-interacting protein kinsde 21
050890441100 3.247812 226 7.05E-22 PR e 2 BETR MG S 2R EAH EAE SR B 6
Calcineurin B-like protein-interacting protein kinsde 6
050390292700  —3.141 755 016 1.02E-11 F A Protein kKinase
0s07g0616600 3.017 334 808 7.16E-40 40S & FERE 1 40S Ribosomal protein
HSP70 0s01g0840100 3.779 780 365 1.43E-16 -
050390276500 2.544 860 540 1.25E-11 I E Heat shock protein
050390277300 3.800 204 963 1.37E-07 #IE 1 T0KD Heat shock protein 70KD
050590460000 3.600 751 735 1.10E-22 JH 5 #7825 4 70-1 Cytosolic heat shock protein 70-1
HSF 0s04g0568700 2.725 132 836 1.00E-11 A S S F B2As Heat stress transcription factor B2As
fRIEATTE A Cold 0s0590468800 5.220 028 896 4.55E-47 IR A Cold regulated protein

regulated protein

(4 Al o, HoKHES> DEGs #5_ i, AZHE A i
H 167 > DEGs b FAZ Y AR A=Y K A
B 58 4~ DEGs Lifl; &IEMAIAED S KA
¥R 78 /N DEGs Lifl. IXEMMEME T, R
W AR R E RS O IR SR =7, 75 R I A]
Re R & HEAE .

2.6 ZREVEEFK gRT-PCR Kk
N T IS RAE AR 2 B A R NAK R e AE
S AL, A CBENLE T 635 ABA M )v;

HEEER. MYB #K1F1 40S #2008 4 2 1 5 A
SA 1] R 2 5 BARIR B 1Y) 12 4> DEGs,
KT IR IE BT gRT-PCR KE(H 4), 46K
43 3L A ) QRT-PCR FRIE/K PRI 545541 RNA-
Seq FHIF I fEa s, HA 9 /> DEGs Y gRT-PCR
FIRNA-Seq R IEKF N L, 437 7% 0s01g0951200
(PR - IR & R ESE X)) . Os04g0497000 (NADPH 4
b8 JE R ) . 00790616600 (40S HHE 1A 5L
SA). 051290478200 (ABA i J3; £ [ 3£ [X]) . Os06g
0714500 (ff & spastin £ [ %:[A]) . 051290145700 (A
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4 ERFIBEFER GO R

Table 4 Differentially expressed genes by GO annotation

o vy
Ce;(jt\ej(%)ry Dei?f)tion P DEG
BP HWEM SN EEFE Organonitrogen compound biosynthetic process 8.96E-08 251
ki 2E & I FE - Amide biosynthetic process 9.50E-08 182

#¥ Translation 1.63E-07 176
kA& R A2 Peptide biosynthetic process 1.69E-07 178

1A P EER AL A Cellular amide metabolic process 3.58E-07 188
AL 2 Peptide metabolic process 4.54E-07 182
KFERAE YA % Ribosome biogenesis 4.77E-05 31

Wiz B =2 e B Ribonucleoprotein complex biogenesis 7.77E-05 33

4R TR MHE AL Cofactor metabolic process 0.000 235 203 67

DNA #4751k, DNA Conformation change 0.000 766 017 20

cc YL P9 A% R A A 44 Intracellular ribonucleoprotein complex 2.89E-11 150
WHit%E A H &1k Ribonucleoprotein complex 2.89E-11 150

% HEA Ribosome 6.74E-10 131

45 Cytoplasm 4.85E-07 272

T % Non-membrane-bounded organelle 2.63E-06 168

2 P A TE PR 25 Intracellular non-membrane-bounded organelle 2.63E-06 168

J1J5i #6453 Cytoplasmic part 8.93E-06 228

RIAZKEMR Preribosome 0.000 299 383 10

2R fAER 4> Mitochondrial part 0.023 432 438 24
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