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Key genes and pathways of maize inbred lines responding to heat and
drought stress
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Abstract: Transcriptome sequencing of the four different maize inbred lines subjected to high temperatures and water
deficits, was performed at the stage of seedling. In total, 6 966 heat-responsive and 6 272 drought-responsive differentially
expressed genes( DEGs) were identified in the four maize lines. In addition, 705 and 871 DEGs were identified as being
commonly associated with heat and drought stress, respectively. There were 100 DEGs responding to both heat and drought
stress. Eighteen DEGs were identified in maize inbred lines with strong drought tolerance and heat tolerance. The zinc finger
transcription factor, WRKY transcription factor, GT transcription factor and B2 heat shock transcription factor played key
regulatory roles in stress response. Analyses of KEGG pathway enrichment showed that the pathways such as biological
process, molecular function, metabolic process, protein ubiquitination metabolism and nitrogen metabolism were the most
highly enriched in the maize lines tolerant to heat and drought. It can be concluded that tropical and subtropical maize is tol-
erant to heat and drought, implying that it is plausible to screen goal genes in the tropical and subtropical germplasm.
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Table 1 The qRT-PCR primers for differentially expressed genes( DEGs) in this study

FEH EM51(5—3") R BIH(5—3") B R
Actin CTGAGAAACGGCTACCACA CCCAAGGTCCAACTACGAG
Zm00001d053913 GGTACGCCGCTAAGCTAATG GTCGAAGACCATCCAGTTGC Bl HVA-22 A
Zm00001d018803 GATGTACTACAGCCCGACGA GCGGTCGATGAAGTAGATGC A LR 5 F 2
Zm00001d035139 CAGTACCCGCCAATGAACAG GGAGAAACCCTCCTCTTGCT it A MA3 S5
Zm00001d002801 CCGAGCAGGCAAGAGATAGA TACCTTCTTCATGCCGGTGT HAB AL, GT-2 T
Zm00001d012325 GAGGACGAGGAGTTCCTGAG CTTCCTCCGTTTGAGCATCC il TTPR BRI HE
Zm00001d015743 CGACTCTAACACGGTCGGTA TCAGGATTGCACATGCCCTA il HYS 5 H T
Zm00001d017597 GCTGAAGCACACAAATTGCC TCCTGCGATCCTGCTAGATG it SPX 45K AR 2 1A
Zm00001d020614 GTCGGTTAATTGCTCGGCTT CATCTCCAGCAGCGAAACAA St ZIM28 %5 3[R T

2 SR

21 EXRBXEFMNTE.TFENEENA

2 2 AT AR S — i T R
T REEMET, EXKAZR Cim-5 Fl Cim-16 AL
ALY | AR I A R T DA R TR R Y
BT ERN, 4 DRSNS EE(F /F, .
F/F, @, M Q,) 5% HE G 25 R R $ha F $iy
E K H3C % Suwan-3 1 Suwan-10 (RN B & &I
Xif B G S A0, o Sk A T | AR Ak 0 Ak

PER 4 AR DOCSEE N TC B2 284k, X R
A AR 3 AT I R B K o ) i 5 | e AP
58 T A T
22 EFEXEXZEMESE.TFEHEBHERASF
% 3 0L, P AR B B 1h 7 8 28k B 25 4%
k5 Y MR (Q<30) FIAL B AL A &8> 5%
I UEAN PRI 4 A F 2 R TEXT IR TR T R AL AR
T 1 3 B8 S5 3 51 A2 I S 44 560 000 ~ 54 040 000
&, Hah Uk 5 P 9 W1 IR R A 4 LI EE 97,5 % L
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Table 2 Changes of main physiological characteristics of maize inbred lines under heat and drought stress

N A ALY TR A
W AXFR G JB‘MKW&‘@‘I% (nmol/ g, FW) F/F, F./F, Dps 1 Qr
(U/pg,FW)  (U/pg,FW)

X BE Suwan-3 6.312h 0.481b 10.412¢ 0.757a 4.136a 0.016a 0.139a
Suwan-10 6.247b 0.475b 11.103¢ 0.768a 4.322a 0.017a 0.141a
Cim-5 6.507b 0.491b 12.468c¢ 0.754a 4.183a 0.017a 0.140a
Cim-16 6.829h 0.486h 11.951¢ 0.762a 4.207a 0.015a 0.137a
@l Suwan-3 8.125b 0.521b 16.251b 0.702a 3.905a 0.015a 0.138a
Suwan-10 8.036b 0.547b 17.031b 0.705a 4.012a 0.014a 0.136a
Cim-5 11.313a 1.056a 26.374a 0.437h 2.143b 0.008h 0.061b
Cim-16 11.720a 1.138a 27.148a 0.416b 2.372b 0.008h 0.065b
F&  Suwan-3 7.024b 0.571b 18.224b 0.714a 3.951a 0.013a 0.134a
Suwan-10 7.334b 0.560b 18.165b 0.719a 4.008a 0.013a 0.134a
Cim-5 10.427a 1.108a 27.312a 0.445h 2.316b 0.008b 0.060b
Cim-16 10.462a 1.093a 27.667a 0.408b 2.401b 0.007b 0.059h

[Fi)— B He e J5 AN 1F] /NG S R A [ A B ) 22 5 W 3 (P<0.05)

R3 FRAXARESR,FEMETHERAST

Table 3 Transcriptome analysis of maize inbred lines under heat and drought stress

HEA (LG lk e SR IEPE Ik e X7 31 Rt LLER Rk S XS PR3 LL A7) (%)
Al 50 343 898 50 122 754 40 907 182 37113 126 81.61
A2 47 288 288 46 988 200 37 881 174 34 743 622 80.62
A3 46 447 568 46 326 494 37 043 608 35400 312 79.96
Bl 44 561 894 44 322 380 35 576 618 32 155 690 80.27
B2 45213 754 45 029 636 36 685 366 33922 382 81.47
B3 50 583 298 50 405 562 39 662 104 37535916 78.69
cl 45 955 384 45 699 412 38 055 954 35739 332 83.27
c2 54 038 184 53 836 898 44 927 520 42 564 740 83.45
3 52 580 912 52415518 41 826 626 40 140 628 79.80
D1 49 973 722 49 834 474 39 867 196 37 063 692 80.00
D2 50 962 344 50 765 020 40 589 546 37 112116 79.96
D3 47739 934 47 588 408 37 876 586 36 069 590 79.59

A: AR Z Suwan-3;B: 13 & Suwan-10;C: A Cim-5;D: A & Cim-16; 1 51 2. S Abss,; 3. T Aab5

FE 4 A E K A 28 FR e sk 4l A 26 9661
M) 1 = T JBAR A ) 22 53 R 3L R, A 38 & Suwan-3 , Su-
wan-10,Cim-5 Fll Cim-16 53 7145 1 444 |1 281 .2 509
1 7320 22 IR (B 1A) s 72 4 D EK AR
Fbl St ch A B 6 272 AN T R A B
DEGs, H 32 & Suwan-3 . Suwan-10 ., Cim-5 #l1 Cim-16
YA 843 1 841 1 41411 1741 25 5 F 3k HE A

(B 1B) ;4 D F K AR RE SR, T 2 AE R T 5
JipiE T AH R B DEGs 43 /& 705,871 #1100 1>, 43
) 7 2 5 AL B 42% 52% R 6% (I 1C)
SVA b TR K 28 FR e B AR I T SR ) 25 5
FERFLEL (6 829) B THGH W EKH L R
(6409) ﬁi‘%@%&"?ﬂ(%ﬁ‘/m 5 a6 X
B AR E K,
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Fig.1 Venn graph for DEGs in the four maize inbred lines under heat and drought stress
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Zm00001d015743 F1 Zm00001d017597 b33k, i Ht A
Zm00001d018803 . Zm00001d035139 . Zm00001d012325 Fi

Zm00001d015743 Zm00001d017597 F1 Zm00001d020614,  Zm00001d020614 43235 | S o i B K a5 4 5
UG S T 22 B R LI ) LA g S R LR 40 P 20 PE ( RNA-Seq prolifing ) 2% S — 2, %k [H
Zm00001d012325 . Zm00001d015743 . Zm00001d017597 F1  Zm00001d035139 ( Jmhih MA3 ZEF IR 1) 7554 5 4]
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Table 4 Specific DEGs in maize inbred lines tolerant to heat and drought

N BB Hog, FCI & P{H FiE
Zm00001d045084 Yt ZEAMMB73 5 5% R+ 2.44 0 T
Zm00001d030557 AL IR N AR 5l 2 2.97 0.000 4 i
Zm00001d039565 KRR 2.46 0.000 5 1
Zm00001d032810 b B e R T 3.08 0.000 8 19
Zm00001d035710 i Sui-1 & 5 Sk T 2.70 0.000 9 T
Zm00001d003945 4ifi% 5C02D07 JLRFL cDNA 1.20 0.002 2 T
Zm00001d003265 PN S A AR 2.38 0.005 3 ]
Zm00001d019225 i IR, 3 F ANT1 2.21 0.006 6 T
Zm00001d039851 R 2.49 0.006 7 A
Zm00001d053913 IR RN E 3 2.95 0.007 0 |- 9
Zm00001d018803 LB S T 2 2.78 0.008 2 T
Zm00001d035475 Ak R RE A DA 2.55 0.008 4 FiA
Zm00001d025136 4t Smax]-like 2K 1 4 2.70 0.009 0 T
Zm00001d021410 At AT HLLR G G 2.83 0.009 0 T
Zm00001d035139 Zifih MA3 45 F Ik 26 3.72 0.009 0 9
Zm00001d020492 Yifih WRKY %% 5% [H+ 2.69 0.009 5 9
Zm00001d002801 Yifith GT % s HF 3.38 0.010 4 M
Zm00001d029270 Hifh B2 BB N 1 2.13 0.0113 A

r KBS R & 3 Y A2 Vs AL Fll B2 Vs Bl 7]
6 W #ar T #GH B2k 3 32 & Suwan-3 F1 Suwan-10
£ UL 505 A0 ) 22 5 2 5 DK 7 R WS 17 45 4
% g RIS AL 45 AT S S RS E A
= 4 MRS TAH 406 P4 A0 #8543 (Intracellur organ-
g elle part) L #5#053 ( Organelle part)  #7ZACHI

"Gl G2 G3 G4 G5 G6 G7 G8
B si|
O RNA%L 54 ; m S2RtEPCR

GI. Zm00001d053913; G2. Zm00001d018803; G3. Zm00001d035139;
G4: Zm00001d002801 ; G5: Zm00001d012325; G6: Zm00001d015743 ;
G7:Zm00001d017597 ; G8:Zm00001d020614.,,

B2 E=RFEEEMEFEERIE

Fig.2 Validation of differentially expressed genes by qRT-PCR
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T 1 22 5 B R FE AR /3 F I RE RN AE 2k
T2 2 AN FE PRIAARTI R E_E, x R 0A il s
FE M FOK S IR A Y2
25 AR IATEKBZTRERRIEZEAN
KEGG &%

KEGG i B4 5 (B 4) # B, & i T2
i8N A2 & Suwan-3 Fll Suwan-10 A 30 i %57 3]
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Fig.3 GO annotation of DEGs in maize inbred lines under stress treatment
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Fig.4 KEGG pathway enrichment of the DEGs in maize lines tolerant to heat and drought
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