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Transcriptome Analysis of Wheat Young Spikes in Response to
Low Temperature Stress at Meiosis Stage
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Abstract ; The late spring cold disaster caused by low temperature in spring occurs frequently in China.
It is of great significance to analyze the gene regulation mechanism of wheat in response to low tem-
perature to resist the genetic improvement. In this study, the gene expression characteristics of wheat
young spikes subjected to low temperature during meiosis was analyzed using transcriptome technolo-
gy under artificially controlled environmental conditions. The results indicate that low temperature
during meiosis stage can cause damage to the ultrastructure of anther tissue, leading to a significant
decrease in seed setting rate. The differentially expressed genes(DEGs) in young spikes under low
temperature mainly involve pathways such as hormone signal transduction, photosynthesis, circadian
rhythm-plants, sugar metabolism, DNA replication, etc. The encoding genes of actin depolymeriza-
tion factor(ADF), late embryonic development abundant protein(LEA), CCCH zinc finger protein,
etc. were significantly upregulated at all time points of low temperature treatment, which may be in-

volved in regulating the resistance response of wheat spikes to low temperature.
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binding factor, CBF) {5 *5- %4 3 f#f S A1 4y i) 1oy IS I
A& B Ak 420, CBF %% 5 A F J& APETA-
LA 2/ W RN T F 45 & 6 F (AP2/EREBP) K
(18 i B RT3 A R S R A U HE R R B X
By C-E & /WK R e (CRT/DRE) , BT
YA IR W 30 0 137 3 [ (COR) 1y #3877, ICE
LD IE M 4% CBF % 5% K 7 19 3R 18 Sk M s AH )
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MTaCBF15 5, /] 3B M if HvCORI14b B &
Ik b DR bR R A A2 PR AR
2 T 3% 7E AH A R 1K IR B 38 Th B P A AR
. 7% (abscisic acid, ABA) AN B 8 5 4
AL A T A AR AR 0 K R i L g
A P IR A6 g 7 3 R (1% 61800 CBF # 5%
i a2 iF ABA A& B 55 S COR %&
HryFR" . FWALEE S 1A K (RCIIA )]
1 o = 1 4 Cethene, ET) B4R W16 800 17 L =
IRt R PEDT K FT R (Gasmonic acid, JA) A 5
ABA ET 45 ¥ % HH B AF FH o H5 40 I I8 317
T TA B9 A 1A B2 5 SO P R TR B 38
U, JRFEE (gibberellin, GA) & A2 #0141 14
UG IF 58 745 1 2 A TR W 38 ) . ¥ 0 M 56 JE A
CBF MICOR15 1 3 ik K Tt i F bk X0 7R

TE AT 37 P 4

B S 20 ) e (RNA-Seq) $% AR & 32 18 48 9 Pt
WS B F Bz —. Du %7 H RNA-
Seq %5 T — 7 PEG 5 5 19 JBi /K bl 361 7 25 o
BT AR P B e B S N TaERFS7 A5 4 T % TaE-
RF87 V¥ Wl 2 B8 A= W) & M 6 BE I TaP5 CS1
MITaP5CRI, Liu 22 FH RNA-Seq H A %k,
TR AL R B Os TCP19 HE 0 55 74 1 43
BEfE HESE P DLT (9 3 3k . B 1M 52 B0 7K A 4 BE
R MRS . /N2 TR WR oy 2 0 0 AR R 38 S
GhES AR L W AR, Zhang 255 %k T 48 25 4%
PRI /N 22 AT AR TR0 2 B /N REORE 25 b
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Fig. 1 Sampling stages of plant development and young

spikes for transcriptome analysis
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JooK A BT L O AR, A A
vt 28 3k R ) P RIS R /A R R A U € ) L R ]
H-7500 8 §f i+ W i858 ( H A H 37 2 /) W52 4k
2y B B IS A
1.4 KEMEREEREE

IR M T AR B 2 IE W R A T k&
AR, BRI A B AR NN
Bk, F SPSSAU (https://spssau. com/in-
dexs. htmD #1722 5 W 35 M0 A G-R 56D . DLgs S8

R (seed-setting rate, SSR)ZH S PEM K 16 038 £ 52
Wi . SSR = FERL K //NAE R X 10000
1.5 2 RNA ZEAERANF

#i i1 RNAprep Pure Plant Kit (K # 4= 1k B}
FATBRZA AL AEFO R LA RNA, RNA #
it Z2 AR A0 UV R BOR BB A7 BR 2 W) AT 7 s
A, ¥aifk s i B RNA FIH Agilent2100
BRI RNA (19 5t 5 A58 8 Ve, 45 5 4% J5
7 Mumina 1500 W5, 7 4= 150 bp B Xf K ¥ 13
1 (paired reads) . A T R UEECE 70 B () ot &, 25
BRI AR reads W% Sk KB EE reads DA K JC L
FE TR B Y reads, DA [EBR /N 22 35 A 41 0 16
YR % Chttp://www. wheatgenome. org/) T 3%
HE R AL V1L 0 RRAS FIEE DR R S fdE ]
HISAT 2 V2. 0.5 #4755 % B 4L Lo i R4
FLH 1Y £ i85 & FPKM (fragments per kilobase of
exon model per million mapped fragments)™7,
J¥ 8PS [ A W £ R Pt (hteps://ngde. encb,
ac. cn/gsa, CRA021808),
1.6 EZRFREEHESH

FEATN 8046 H] DESeq2 (1. 20. 0) #E 47 3 P 22
SRR, R FIRIEN (differential expres-
sion gene, DEGs) B #AK s N IEJ5 Y P<0. 05 0
|log, (FoldChange) | =1, #& M4 1% & M FDR
<<0. 05 WJPRUE, i ClusterProfiler (3. 4. 4) %K
1347 DEGs %) T 68 1 % 7 M (gene ontology .
GO, i ] GSEA 23 #7 T K Chttp://www.
broadinstitute. org/gsea/index. jsp) #f 1T DEGs
B K R E B E 4E 2>t (kyoto encyclopedia of
genes and genomes, KEGG) ,
1.7 qRT-PCRENMERRKRIEZEE

Sy 50 U 3% 20 I - 435 SR 0 o L B AL Bk R
6 A~ 2% 5 K K N TraesCS5B01G491500,
TraesCS5A01G468300, TraesCS5A01G478500,
TraesCS3A01G107200, TraesCS3B01G125600.
TraesCS2D01G084400, LA Actin HEP N 5, ik
#it ORF it 519, F th BB TRA R
NEIAEW (R D, EasyScript® All-in-One
First-Strand c¢DNA Synthesis SuperMix for
qPCR 5 & (W A 6o 2 X &AW A 5D 6 R
—#f cDNA, JZ M & F: cDNA Btz 1 pl,2 X
PerfectStart® Green gPCR SuperMix 5 pl., 10
pmol « L™" #5114 0.3 pl,10 pmol « L' F
Wl 0.3 pl, HFEMEE 3 WAEYFEE.
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H CFX96 Real-time PCR & %t (Bio-Rad Labora-
tories, Inc., USA) # 17 52 i 2% )¢ & & PCR
(gqRT-PCR), KW :94 CHUAEME 30 s;94 °C
ASPE 5 5,60 CiH Kk 30 5,40 MR, 272 3

LA ek 1P, H SPSSAU Chttps: //sps-
sau. com/) 73t gqRT-PCR 9 | log, (FoldChange)
| FN%% s 20 0 7 1 | log, (FoldChange) | Z [8] 1) #H

F£1 KHEETAK qRT-PCR 5|9

Table 1 Primers for qRT-PCR used in this study
4 ID B S| %) Primer sequence(5'—3")
Gene 1D Gene annotation iE 5] Forward R Il Reverse
Actin Hﬂ‘;ﬁi%‘ﬁ ATGGAAGCTGCTGGAATCCAT CCTTGCTCATACGGTCAGCAATAC
iRk g RN S

(<5 D I~
TraesCS5BO1GA91500 Actin depolymerizing factor

5 NAC 55 #3819 25 1

NAC domain-containing proteinve

WL 3 A i 2R T

Actin depolymerizing factor

TraesCS5A01G468300

TraesCS5A01G478500

A0 F7 B CCCH 45 #4380 Y 26 1
Zinc finger CCCH domain-
containing protein

TraesCS3A01G107200

{39 45 CCCH 25 4 38 1 28 141 I
Zinc finger CCCH domain-

containing protein

& AR 2C

Protein phosphatase 2C

TraesCS3B01G125600

TraesCS2D01G084400

GACGACATCCAGAGCATGTACA

AGCACACGGATTTCTCCTCG

TCAATGACGTCCTCGCTTCG

CGGCTCTTGCGGCTCTTGGC

CTGCAGCTCCACCACCATC

CTCATCACCTCCAGCCATCAGCT CCCAGACACAGAGTTCGCCATTG

AAGAGGGAGGAGTAGAGCAG

CACCTTCACGCACTCCTCAT

GTTCAGTGGCTCCAGGTTGG

TGGTGGGGAGACTGTAGAGG

CTTGACCGGGGCCTTAGC

2 HXREHH

2.1 {KRMME RS AT E T EN G
HhZz 8444 JeAE WL o 24 AR IR W 30 Ak R 48
h & B THR 2 0E % A B8 T 4k 84 KB . 45
RGR 2O, HIEW AR T WX A AL
Tk Jolp 30 A 3 ) S BRO/IN A B PR R R L /N
RS G Y (N LI VI R R R
125 £ ik B0 B 3 KPR 2),
2.2 RiBEMEXEHALBRENNT M
I FH 3% 58 F B UL 5 /N A2 4 B AR SR S5 b
T R Y A AE 2 A S s . SE R R,
Vol B 43 24 3 A1 95 Ak BE RT S BN A A BEAE 25 Y
s & e AR AL . S5O AE R BE 40 I (PMO)

A% g % TS SR HE 2 (T 5 25 N BE I (E)
FGEHE 2 CT) 40 i 550, b )23 4 i (ML) A8 %
(E 2a. & 2b), S5 B9 9 5 2 4l jE CT) 19 40 i
B (ND#E ST KA 4546 (K 2¢. 1 2d) . 43 S5
() 2% K2 A0 CEP) Hf B T K o R % 1 4 Jot (I
2.8 20) .
2.3 ARKBAEREH DEGs L&

it /N A2 Al R [l A1 2 Ak B R () 35 55 9 DEGs
PEATGETT S5 5 (] 3) R M Bt 25 1% 1 o 361 4 34 sf
[E] (4 ZE 4 . DEGs %2 % i 3 25 (R 4b 7 48 h
it DEGs £¢ £ (S4 vs S1); ¥ & #| % i 5 . DEGs
SURIIE > (S5 vs S . 5 ST AH H, 76 I TR AL B 1
S2.S3.S4.S5 At [E] L JE R IR AR IR AN E
4118 DEGs #4311 199 F1 51 (&l 3).,

x2 RBXHE M4 HKFMEZHFN
Table 2 Effect of low temperature on plant height and seed setting of Zhongmai 8444

b3 R = TR /N TR EL P
Treatment Plant height/cm Spike length/cm Number of spikelets Number of grains per spike Seed setting rate/ %
pogi
SO 43.60=+1. 90 6.68+0.48 11.83+0. 98 24.83+3.34 70. 6346. 90
Control
V=]
KR 31.5845.91"* 6.27+0.33 9.83+1.47 18.33+2.58*~ 56.5744.50"*

Low temperature

* % P<C0.01.
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a:S1 MIAEZE . X50035b:S5 BIAEZY , X 5005¢: S1 MIGHIZ AN, X 15005d:S5 BIZEZ 40, X 15005¢:S1 MIAEZG R B 4N, X 15005

f: S5 AR 2GR B2 40, X 1500,

a: Anther of S1, X500;b:Anther of S5, X500;c: Tapetum cell of S1, X1500;d: Tapetum cell of S5, X1500;e: Anther epidermic

cell of S1, X1500;f: Anther epidermic cell of S5, X 1500.
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Fig. 2 Ultrastructure of anther tissues from wheat samples at S1 and S5 timepoints
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A and B: Distribution of up-regulated and down regulated DEGs in young spikes.
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Fig. 3 Analysis of DEGs in wheat young ears at different timepointts under low temperature treatment
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DEGs & 7566 1E T ae . £ W6 A /E HEAR
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J5 DNA Qo B9 & %, A 42 HRIATIHW
DEGs,

TE CC W (R IR AL 24 h(S3 vs S1) Ml 48 h
(St vs SO W DEGs &N AEH IR %
PRREE 1 T R SRR FE R 43 B A 66 AT 104 A4S, R W
R a A AE . YK H IR (S5 vs S1D)
Jo S TEAN ML RE FAMA AR X AL h A 38 ANk
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Fig. 4 GO terms of DEGs under different timepoints of low temperature treatment
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Fig.5 KEGG enrichment pathway of DEGs

x3 RELE 4 hEEZEEENHEFSHSEBNER

Table 3 Genes of hormone signal transduction pathway significantly enriched under 24-hour low temperature treatment

# M 1D JE IR E R logz (FoldChange)

Gene ID Gene annotation S2 vs Sl S3 vs Sl S4 vs Sl S5 vs Sl
TraesCS3A01G362200 ‘ A 1.08 2.74 3.57 0.76
TracsCS5A01G183600 EEIPRRRM 2C 1.97 3.93 4.75 1.93

Protein phosphatase 2C
TraesCS4B01G210100 1.58 5.57 5.75 3.44
A~ 9H SR iR 0 s s
Novel. 12191 T AL G R IR AR B ] 2 0. 69 1. 04 1.20 —0.19

TraesCS2D01G577000

idine-contai hotr

TraesCS4B01G297100
TraesCS4B01G297000

TraesCS3B01G399200
TraesCS4A01G091200

HRFTME ZIM 454328 A

Jasmonate ZIM domain protein

TR AHURER 1

Coronatine-insensitive protein 1

TraesCS5A01G058700
Novel. 10994

AR RN EH

Auxin-responsive protein

TraesCS4B01G111100

TraesCS6A01G226200

TraesCS2D01G191800

TraesCS1D01G254500

TraesCS2B01G105300

TraesCS2D01G099400

TraesCS7B01G075600

TraesCS6D01G312800

TraesCS3A01G298800

TraesCS2D01G374300

AERRMARKIZEA

Auxin influx transporter

Az K 2 N R AR
Auxin-responsive family protein
GH3 A= K3 b7 2 1
GH3 auxin-responsive protein
TR Z M

Gibberellin receptor
JI5d ¥ R 3 1A
Abscisic acid receptor
LA HUREA 3
Ethylene insensitive 3
bZIP ¥ 5 A 7 Z 1% 3 H
bZIP transcription factor family protein

bZ1P ¥ 5%t A F

bZIP transcription factor

P& [ Nprl
Regulatory protein Nprl

Mg 17 34 45 P9 5

Response regulator

2.53 3.59 3.24 1. 59
1. 05 1.49 2.06 1.18
0.56 1.21 1.70 0. 38
0. 86 1.02 1.39 0.10
0.98 2.54 2.11 0.23
0. 64 1.45 0.9 —0.04
1.33 1.32 2.52 0.27
0.97 2.08 2.12 1. 56
1.17 2.17 2.58 0.14
0.41 1.12 1.06 1.02
1.18 1.51 1. 44 —0.37
1.11 1. 54 1.88 0. 44
—0.19 1.02 1.57 0.77
—0.03 1.03 2.15 1.25
0.23 1. 10 1.50 —0.07
0.32 1.93 1.96 1. 26
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Table 4 Genes with significant differential expression under low temperature stress

%W 1D %W?I*% . logg (FoldChange)

Gene ID Gene annotation S2 vs Sl S3 vs S1 S4 vs Sl S5 vs S1
TraesCS5B01G491500 1. 60 6.43 7.36 2.82
TraesCS5A01G478500 ﬁﬂzjj% F”’%gé.% 1.33 5.16 5.94 1.70

Actin depolymerizing factor

TraesCS5D01G491900 1.77 5.35 5.99 1. 66
TraesCS3B01G205100 2.74 6.33 7.84 5.01
TraesCS3D01G180900 %Eﬁ%ﬂﬁ“?’iﬁi#%iﬁﬂ ' 2.63 5.73 7.27 4.16
TraesCS4B01G332700 Late embryogenesis abundant protein 2.28 5. 48 7.06 3.73
TraesCS4D01G329400 3.76 7.38 9.05 5.54
TraesCS3A01G107200 3.18 4.90 6.27 1.82
. . ErEEYR CCCH &5 #3125 1

TraesCS3B01G125600 Zinc finger CCCH domain-containing protein 2.83 5.01 6.33 1.48
TraesCS3D01G109300 2.61 4.74 6.37 2.1
TraesCS5A01G468300 o NACHMIMMBGEER 1.46 5.64 6.48 3.18
TraesCS5D01G481200 NAC domain-containing protein, putative 1.54 5.98 6. 88 2.89
TraesCS5B01G218200 DR S R 2.06 5.22 4.48 —1.09

Early light-induced protein

o T A JE A DR S A B 2 A
TraesCS2B01G077100 Heavy metal-associated domain containing 1. 84 3.74 4.74 1.70
protein, expressed

RGBT 3 WAk A

TraesCS1D01G288700 Eukaryotic translation initiation 4.45 5.03 6.99 2.98
factor 3 subunit A
TraesCS5A01G320300 Dy 157 45 [ 3.06 2.92 4.51 —1.23
Pseudo response regulator
. QWRF /74 1 (DUF566)
TraesCS1B01G299300 QWRF motif protein (DUF566) 4.93 5.53 7.16 3.22
TraesCS2D01G084400 E FIBR RN 2C . 1. 04 4. 36 4. 86 1. 45
Protein phosphatase 2C
e f1 P
TraesCS7B01G170400 < fEARE dr.ld‘] 3.67 4.61 6. 04 1. 05
Chaperone protein dna]
2.8 qRT-PCR ##f > DEGs 7F S2.S3.S4,S5 W] 45 5 1 A X 26 ik B4

J T HKAIE RNA-Seq $0Hl AOERTE N 3 Fik S EEEHIN W27 (B 6A) ., H qRT-PCR it
4 1) DEGs FRENLIEI 6 4~ DEGs #£47 qRT-PCR %; FY log, (FoldChange) 1 RNA-Seq I log, (Fold-
E, HFEAE YR 4 NCBI Blast 5 51 904 4, LU Change) FH¢ R (R?) >>0. 8, — F ] & W 3 IF AH &
Actin 5t BT SEIAXT Fak K, 4558 % 1,6 (&l 6B) . FeH] RNA-Seq Ba R Al §E

B TraesCS5A01G468300

A 100 TraesCS5B01G491500 B
90 | O TraesCS5A01G478500 *h

g0 | @ TraesCS3A01G107200

70 E TraesCS2D01G084400

O TraesCS3B01G125600

*%

y=0.829x+0.658 9
R’=0.8004

%

MWW REE
Relative expression
w
<
RNA-Seq
S = N W s NN

S1 S2 S3 S4 S5 4 5 6 7 8 9
A 6] 17 4 Timepoints qRT-PCR
* ; P<C0.05; % * , P<C0.01l.
B 6 64 DEG EFEHFRILKTF(A)RE qRT-PCR F1 RNA-Seq K18 X 145> #7 (B)
Fig. 6 Expression levels of six genes(A)and the correlation analysis of between RT-qPCR and RNA-Seq(B)
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