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Research on drought-tolerant regulatory mechanism of maize
roots using transcriptome and iTRAQ techniques

BAI Mingxing'*, ZHUANG zelong"?, JI Xiangzhuo"?, PENG Yunling"’
( College of Agronomy, Gansu Agricultural University, Gansu Provincial Key Lab of Arid Land Crop Science,
Gansu Key Lab of Crop Improvement & Germplasm Enhancement, Lanzhow, Gansu 730070, China)

Abstract: RNA-Seq and iTRAQ techniques were used to analyze the association of differentially expressed
genes (DEGs) and differentially expressed proteins ( DEPs) in seedling roots of two maize inbred lines, Chang 7~
2 and TS141, with different drought tolerance. The resulis of quantitative correlation analysis showed that the corre-
lation coefficients of genes with the same trend of mRNA and protein expression in Chang 7-2 D1 vs CK1, Chang
7-2 D2 vs CK2, TS141 D1 vs CK1 and TS141 D2 vs CK2 were 0.7993, 0.5673, 0.6406, and 0.6588, respective-
ly. The correlation coefficients of mRNA and genes with opposite protein expression trend were —0.7222, -0.5752,
-0.7996, and-0.7339, respectively. Further, by integrating the association of each self-crossing D1 »s CK1 and
D2 vs CK2, it was found that there were 19 genes with the same expression trend of mRNA and protein in Chang
7-2, 9 gene with opposite expression trend of mRNA and protein, 11 genes with the same expression trend of mR-
NA and protein in TS141, and O gene with opposite expression trend of mRNA and protein, indicating that there
were differences in transcriptional and post-transcriptional regulation in plant roots. KEGG analysis showed that the
DEGs/DEPs associated with the four comparison groups were mainly related to phenylpropanoid biosynthesis, bio-

synthesis of secondary metabolites and ribosome, and these pathways might be the main pathways in response to
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drought stress in the roots of different inbred lines. 9 genes with the same expression trend of DEPs/DEGs were se-

lected from Chang 7-2 and TS141 for qRT-PCR analysis, and the results showed that the expression trend of 9
DEPs/DEGs was basically consistent with their RNA-Seq and iTRAQ results.
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Fig.1 DEGs and DEPs of two maize inbred lines under drought treatments
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TR TR KT 1 e 1k 245 3 |l SC I 31 1) 2L R e
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mRNA FikJC 22 7 1M 8 3R A A 22 5% DL & mRNA
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Table 1 Number of genes and proteins associated in identification

quantification, and significant difference

. . . SR
Hegedl T B — L Bk
Number of
Comparable Number of Number of . .
. e . differential
group identification quantitation .
expression
Chang 7-2 D1 vs CK1 7612 7609 157
Chang 7-2 D2 vs CK2 7621 7619 98
TS141 DI »s CK1 7609 7606 76
TS141 D2 »s CK2 7619 7616 116

54 (% 2), EBRHANEZIELRE 3530 58,32,
20.54,

N T LRI A SR AT Fha R R R
ISP O, XS A 228 D1 es CKI H1 D2 s CK2
HYIRIREE IR AT TR DRI TE T 2 A T RE &
RFERME R, ZiH 3R, Chang 7-2 % D1 vs CK1
F1 D2 vs CK2 #f i it mRNA IR [ 3235 8 % A 1
FEPA 19 (33,18 3A) ,mRNA I (I F A3
SR 9 A~ (3 3518 3B) ; TS141 D1 vs CK1 Al
D2 vs CK2 H' mRNA I3 F 348 S5 A (19 2 [ A
11 (3 3) ,mRNA FIEE 1RSS5 R AR P
U S PR R BB R E IR R (81 3B) .
223 GO HXBM XA HE SR RIK
HHEMEER BT GO TIREER T, 451K W] Chang
7-2 D1 vs CK1,Chang 7-2 D2 »s CK2 ,TS141 D1 ws
CK1 F1 TS141 D2 vs CK2 4§ 4 A~ A4 GO Ttk
& BAR ST  40 i R 43 ( Cellular component, C) (43
F I it ( Molecular function, F) Fl 4 ¥ i #&
(Biological process , P), i+ 24 T, b 4
Chang 7-2 D1 vs CK1 I Chang 7-2 D2 vs CK2 Utk
DEGs/DEPs 4 =241l 2H 50 L35 41 A AR B b (Tn-
tracellular non-membrane-b) | JF J% 2% & 41 i %% ( Non-
membrane-bounded organel ) | ZHfI#1El( Cell periphery) ;
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Fig.2  Association map of significantly different protein and significantly different gene expression

R 2 mRNA FEBXBREWH S MABUERYE
Table 2 Number of five types of genes associated

with changes in mRNA and protein

iH Chang 7-2 Chang 7-2  TS141 TS141
Item D1 ws CK1I D2ws CK2 DI vs CK1I D2 ws CK2
mRNA FIFEH
FisBHEAR 98 64 55 62
Same expression trend
mRNA FIE A
Fk PR 59 34 21 54
Opposite expression trend
HAFRIEA 2 510
g g2
mRNA RAT25R 484 271 169 303

Differences in protein
expression only
HHFRBTLE M
mRNA FikA %5

Differences in mRNA 947 1131 1550 1299
expression only
E F A mRNA
k1 =

RSHRET 6021 6119 5811 5898

No differences in protein
and mRNA expression

e/ U e S i F# ( Oxidation-
reduction process) \HJ}LLQFEL( Response to stress) \62)1%

IKALE WA i B2 ( Carbohydrate metabolic proce) ;

TR ELLEESEE T4 5 (Metal ion
binding) | PH & %2{‘5%( Cation binding) . A AR 5 i
Wi (Oxidoreductase activity) , W ZH TS141 DI s
CK1 1 TS141 D2 vs CK2 FIr KK DEGs/DEPs 3
TLA It 2H 436345 Intracellular non-membrane-b . Non-
membrane-bounded organel FIZ Wi Z A E &Y
( Ribonucleoprotein complex ) ; 73 HIfig FEALFE Ox-
idoreductase activity Fll Metal ion binding ; H:AE #2414
%1352175}3)1 fifp ( Response to stress) %ﬂﬂiﬂ {}%Uir
(Response to stimulus) , $EAh, FATE LI FE K A
AR A AR F T CIE 2 1 DEGs/DEPs 15 5 51
00 B ( Response to stress ) i F2, Bl i# i + 5 0
J5 , HAE A AR 23 S BN 5 38 e e 2, O i
IR AR 28 P I A P T P | A D T S
2 PPt G PR ARA T 5

2.2.4 Pathway & & XF 5% FIH KEGG pathway
BAEZEXT Chang 7-2 D1 ws CK1, Chang 7-2 D2 vs
CK2.TS141 D1 vs CK1 I TS141 D2 vs CK2 %5 4 1L
BCEH W B s 2H VAR o 2H RROHE DA R T DG Ik B 1Y
DEGs/ DEPs BEAT M i & 5200, 45 R R, 22 57 0%
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Fig.3 Venn diagram of DEGs and DEPs of two maize inbred lines under different treatments
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Table 4  Statistics of the number of annotations in the pathways between transcriptome and proteome
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Sample Pathway name Number of proteins Number of genes Number of correlations
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y =
TS141 W R 14 68 4
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W T s i 1 A gy A
TS141 AR AL £k 29 188 14
Phenylpropanoid biosynthesis
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ZBEIKR Ribosome 56 201 17
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Table 5  Genes for qRT-PCR analysis
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& D2 vs CK2 Protein ratio D2 vs CK2
$LIND2 vs CK2 Gene ratio D2 vs CK2
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Fig.4 The relative expression of the selected
gene was verified by qRT-PCR
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