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Fig.1 Creation of maize zmdgkI“? lines
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Fig.2 Genotype identification and screening of maize zmdgkI“? lines

123 KB M &3 IREUMI— B KT,

BT 10% NaClO ¥ %5 30 min, F ddH.O ¥k
U 5~10 IR, FEZEM/K IR 8 ho 7R TH/AKIZIE
SoATEE TS A, IR R T SR Y
fi b, HBIEMmER, FHASRZ &,

NN TSER (28 °C) o« 2d Ja Bk 2K — 2
Fir, R L. R, BE g, 5

FEEMEMK 3 1 0. HETIEFR (25°0) AEKE
2 AW B KL E T 4 °CF HEAT AR B3 4k B
(ST) , Ziff 25 CAH AN (CKD . Ab¥ 4d
I, W R BAAR R4BFR, IFT FOK B M HL
FE, AR DOE A G IR A7 T80 °CUk#, HT G
SRAEEARARIIE . 2 EHEIERKE 2d, WEHH
HRC AR R A KR DL



S 233 11

FRERISE K T i e R PR A 23 29

1.3 MEERSHE

13.1 A& ¥4 ThE4dn, FHERMNES
K IR AR R BYHUH B3R T 36,
FAUE AR R S R T K 5, A2 70 HT RSP B AR i
R AN R A o ) BT A, 105 °C
AT 20 min, 80 °CHLTZIEE, FIRFRETH,

1.32 ARZAR  BIHUGEE 4 d J5 1 FOKHE R
Z, {f/ WinRHIZO R &2 MR R, IEoir
R R AR AR,

1.3.3 ROS REK-F fHHZEMEIIM (NBT)
33- TS EEEE G (DAB) GUyn kAT R A
Ge, KO ROS FUE/K o KA EL il w2 # A
BT (0) FidELE (H02) K& & . i/ DGK
ELISA 78 (MM-6329302, T.75 M4 S2b A TR
2d], FED M DGK i1 . 18 NADPH ELISA
RiAlE (MM-063102, {L73EFGR I ERAR, H#
B D00 M TR N Y R R B IR AR AL
(NADPH) &1

134 ARKROSHA  HKZ 1 om RS MR
PeF 10 pmol/L 2, 7'- & & . LML lE (H,DCF-
DA) Getayirh, RGN EIRGLE 10~15 min,
getn gl G, FERR 2 EVETR (PBS) HMIZEMH
KL bR 2 RYGE, IANRT G, RS
Fr il CBUR A/ RS AC=504/529 nm) , WLEEAR
43 ROS (H.DCF-DA) 434 JE4mHE .

135 HAMKEEEE KRR
SEHEAEALEE (SOD) . L& EE (POD) .
HEEAEEE (CAT) MHdA i iR i s (APX)
EE

1.3.6 BHMHAEF KR ETSSRR, e IR
A H 060 SRR Lt kil e T % (MDAD
T MK 1 em PIRIRFEMIR T 25 pg/mL filt
e (P Geta i 4ett 30 min, F PBS 221
B EBRZRPE, BT RICEME N SRR
Y1 B LA 1 1 L A R, BOR D KA 535 nm, R
WA N 615 nm.

137 ZB#RATHH 0S5 g HFEM, RA%
HhI3 6 EEVE I E F R (Pro) FIRIEMEE A
(SP) FED8I,

138 AEeF F2E KM 95%CEHE G BUEN
E R KLEEROGE (OD) N 470, 649 Al 665 nm
N, RAFHNARTHE SRR a iHgx
b SRR ARSI MR SR,

2 HREDM
2.1 RIRIT EK zmdgkl R ¥k RFRB R & KIEHRAY
SN

Wik 3a ffin, 16 CK AR, K zmdgklR
(13 MFE 2R 5 3 & B104 (2R KR TG B 2 22 57
76 ST FEF, zmdghkIR 1] 3 Mk R T KBTI
R gt T A EEE, 1 B104 11
I ) 307 R A HLOR AR (RIAR o KR B3 AR
FERR I E 45 B BTN, zmdghkICR 1) 3 ANk R AERR
(E3b) « h B3 E (B 3c) Kb EEfafE (K
3d) JrliE T B104, KB ZmDGKI BEPRINT oK
ST )RR S 2 A B i A
22 ARBEITEK zmdgk I RRRRRAE KK BHIFT

WK 4a fin, CK AFE R R AR SRR RAE
KL EZER, ST A N&kALZE M. 5
B104 #HLt, 3 /> zmdgkl R #k R KB ER, 2K
B R W N o zmdghkI®R-1 . zmdgklR-2
zmdghkIR-3 R Z K B104 70 715 K 16.17%.
11.85%1 11.30% (& 4b) , AR 2% 1H B 43 51l 48 Jin
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Fig.3 Analysis of cold-tolerance phenotype and growth indexes of maize zmdgkI® lines
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Fig.4 Analysis of morphological indexes of the root system of maize zmdgkIR lines
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(a) ZDABIRYMIM F Leaves stained with DAB
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(b)  ZANBTRYMIM F Leaves stained with NBT
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Fig.5 Effects of ZmDGKI gene deletion on ROS accumulation and related indexes in maize lines
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Fig.7 Analysis of antioxidant enzyme activities of maize zmdgkIR lines
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Fig.8 Analysis of cell membrane damage of maize zmdgkI® lines under low temperature
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Fig.9 Osmoregulatory substance content of maize zmdgkI® lines
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Fig.10 Analysis of photosynthetic indicators of maize zmdgkI® lines
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Analysis of Low-Temperature Tolerance
of Diacylglycerol Kinase Gene in Maize

Wang Xingi, Che Xinyang, Zhang Haiyang, Wang Xu, Li Yuhan,
Zhao Shuo, Liu Sibei, Wang Xueheyuan, He Lin, Xu Jingyu

(College of Agriculture, Heilongjiang Bayi Agricultural University/Heilongjiang Provincial Key Laboratory of Modern
Agricultural Cultivation Technology and Crop Germplasm Improvement, Daqing 163319, Heilongjiang, China)
Abstract Diacylglycerol kinase (DGK) catalyzes the conversion of diacylglycerol (DAG) to phosphatidic acid
(PA), participating in plant responses to various abiotic stresses. This study employed CRISPR/Cas9 technology
to knock out the ZmDGKI gene in maize (Zea mays L.), generating zmdgkI“R T3 homozygous lines (with inbred
line B104 as the genetic transformation recipient). Three zmdgkI® lines and B104 were subjected to
low-temperature stress, and their phenotypic and physiological indicators were measured. Results showed that
the zmdgkI“® seedlings exhibited less severe leaf chlorosis, yellowing, and wilting. Root growth was only
slightly inhibited, with total root length increased by 11.30%-16.17% compared to that of B104. Analysis of low-
temperature tolerance-related physiological indicators revealed significant differences between the zmdgkIR
lines and B104 in parameters related to reactive oxygen species, cell membrane damage, antioxidant enzyme
activity, osmotic regulators, and photosynthetic pigments. Specifically, the zmdgkI® lines exhibited a 24.61%-
30.71% reduction in Oz content and a 5.19%-18.18% reduction in malondialdehyde content, while showing a
3.31%-19.88% increase in superoxide dismutase activity and an 8.78%-27.23% increase in total chlorophyll
content. Furthermore, DAB, NBT, H.DCF-DA, and PI staining of leaves and roots from zmdgkIR lines after
low-temperature treatment confirmed that ZmDGK1 gene deletion reduced reactive oxygen species accumulation
and mitigated cell membrane damage, while enhancing antioxidant capacity of maize, osmotic regulation, and
photosynthetic pigment accumulation. These findings collectively indicate that the ZmDGKI gene negatively

regulates low-temperature tolerance in maize seedlings.
Key words Maize; Diacylglycerol kinase; Gene editing (CRISPR/Cas9); Low-temperature tolerance; Reactive

oxygen species



	1  材料与方法
	1.1  试验材料
	1.3  测定指标与方法

	2  结果与分析
	3  讨论
	4  结论

